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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Despite the recent advances in the field of manufacturing of composite materials, with both thermosetting and thermoplastic matrix, 
the presence of irregularities that influence their mechanical properties and behavior remains a critical issue to the industry. The 
defects with the form of porosity, fiber misalignment, delamination and poor consolidation are considered an unavoidable form of 
initial damage to composite materials. The reduction of the defects by optimizing the manufacturing process and the creation 
effective tools for predicting the residual properties of these materials during the design and/or the manufacturing phase are of 
great interest. In the present work, presented are these numerical tools and methodologies based either on the idea of optimizing 
the manufacturing process or by using data derived from non-destructive tests. Finally, the possibility of combining the two 
approaches is being proposed. 
© 2018 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 12th CIRP Conference on Intelligent Computation in Manufacturing 
Engineering. 
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1. Introduction 

In the recent years, the use of composite materials of 
polymeric matrix reinforced either with carbon or glass fibers 
has been increasing due to their excellent mechanical 
properties with lower weight compared to conventional 
materials. Moreover, their architecture capabilities regarding 
the lay-up and the plethora of materials to be used as matrix 
have given to designers a lot more options when developing a 
component.  

This increment of use has posed a lot of demands regarding 
the quality of these materials causing the amelioration of the 
manufacturing procedures in both thermosetting and 
thermoplastic-based composites. Moreover, a lot of research 
was conducted in mainly two directions namely optimizing the 
manufacturing procedure to eliminate as much defects as 
possible and producing predictive tools in terms of numerical 

methodologies for assessing the effect of the defects remained 
after the manufacturing procedure. 

The defects occurred during manufacturing may be 
categorized into four major categories namely fiber 
misalignment, porosity, delamination and residual stresses. 
Each category affects specific mechanical properties, for 
instance porosity affects the shear properties of composite 
laminates [1] as they depend on the matrix quality while 
delamination affects the compressive properties [2]. 
Nevertheless, the most severe effect on the mechanical 
performance is observed while irregularities in the fibers may 
occur [3]. These irregularities correspond to fiber misalignment 
of the uni-directional composites and shear deformation of the 
textiles. Moreover, the previously mentioned defects 
correspond to different anomalies to the manufacturing 
procedure. Porosity is caused mainly by the entrapment of 
volatiles [4], inter or intra-laminar and it may be restrained to 
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low levels using the high quality manufacturing procedures 
while delamination is caused either by large voids between the 
layers or by low quality manufacturing procedure (e.g. hand 
lay-up) [5]. On the contrary, fiber misalignment and wrinkling 
is not easily controlled and in a large part of the existing 
procedures is considered as inevitable, especially when the 
existing manufacturing parameters cannot variate and the 
design of a component cannot be changed. 

In the present work, presented is a review of the existing 
methods to optimize some of the manufacturing procedures of 
thermoplastic based composite materials and to present a 
methodology for assessing the residual properties of 
components and parts which is the basis of a national research 
project, the C.R.AB. (Composites Research ABruzzo). 

 

2. The Effect of Fiber Misalignment 

As a form of damage introduced during manufacturing, the 
fiber misalignment affects severely many of the properties of 
composite materials, both UD and woven. As seen in [6], the 
fiber misalignment developed in the form of kink-bands 
influence the elastic properties of composites reducing also the 
compressive strength. The kink-band regions are causing fiber-
matrix debonding after a critical load which is lower than usual 
[7]. In [8] observed is a propagation of the kink-band to the un-
kinked material causing abnormal behavior and shear driven 
failure to the composite material. In most of the works 
conducted experimentally and analytically, the kink band 
formation is considered as a post buckling incident which 
affects the material first locally and then globally [10-11]. 
Among the highlights of [12] is the fact that the fiber 
misalignment affects the effective properties of UD composite 
materials as the traditional micromechanical approach for 
calculating them, and the corresponding homogenization in the 
microscale, is based in idealized geometries with no 
imperfections. 

Another frequent defect regarding the fibers’ alignment is the 
waviness which might be developed in both UD and textile 
composites. Joyce et al. [13] used optical microscopy to 
characterize the manufacturing induced waviness to 
composites. The effect of ply waviness seems to degrade 
significantly the compressive properties of these materials 
either in static [14-15] or compressive fatigue [16] loads. In the 
work of Wu et al. [17], the combined effect of the in-plane 
buckled fibers and out-of-plane waviness was investigated 
concluding to a massive reduction of the tensile and 
compressive properties while the Charpy impact strength is 
ameliorated by the in-plane and degraded by the out-of-plane 
waviness.  

Generally, the textile composites tend to be used more 
compared to traditional composite laminates consisting of 
multiple layers of UD plies because of their superior out-of-
plane properties and their adaption in complex geometries [18]. 
Nevertheless, during several procedures including draping or 
thermoforming, they are susceptible to shear deformation of the 
yarns as observed and analyzed in several works [19-20]. 

From all the research up to date, it is clear that irregularities 
of the fibers with the form of kink bands, shear deformation of 
the textiles and/or waviness are influencing the mechanical 
properties and the durability of these materials after having 

been manufactured. To this end, the use of numerical tools 
capable of predicting the regions with wrinkling and the shear 
deformation of composites may be considered as necessary. 

3. Numerical Tools for Simulating the Manufacturing 
Procedure of CFRTP 

Considering the severity of the effect of the fiber 
misalignment and waviness, the necessity of predicting the 
output of a manufacturing procedure especially in procedures 
like thermoforming or stamping of CFRP is considered high. 
To this end, predictive tools were created, specialized to 
simulate this procedures using finite elements.  

In the work of De Luca et al. [21], the thermoforming process 
of CFRTP plate in double dome shaped forming tools was 
simulated using PAM-STAMP and validated experimentally. 
The influence of the blank holder and the number of plies of 
the composite plate were investigated leading to fruitful 
conclusions regarding the wrinkling and the shear deformation 
of the yarns (Fig.1). 
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Fig. 1. The experimental (a) and numerical (b) investigation of the defects 
introduced during thermoforming to the double dome geometry [22]. 

The same tool geometry was also utilized in the work of 
Willems [22] where a number of material parameters’ 
influence to the simulation and the tool force were investigated 
using PAMFORM (Fig.2). The authors made a large number of 
conclusions about the influence of these parameters and 
indicate the effect of viscosity to the procedure. 
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Fig. 2. Simulation of the thermoforming process using PAMFORM [22]. 

Recently, the AniForm software was developed by 
Haanappel [23]. This software utilizes information gained from 
several mechanical tests at different temperatures, namely 
torsion bar test, “picture frame” test and friction test, to 
simulate the same forming process (Fig. 3). 

 
 

 

 
In addition, more conventional and universal software may 

be used that are not so specialized for simulating these 
manufacturing processes like Abaqus or LS-Dyna. In the 
comparative work of Dörr et al. [24], Abaqus, LS-Dyna, PAM-
FORM and AniForm were used for simulating the stamp 
forming of a thermoplastic part. The advantages and 
disadvantages of the specialized (PAM-FORM, AniForm) and 
multi-purpose (LS-Dyna, Abaqus) were addressed and a 
comprehensive comparison of the results in terms of deformed 
shape and final part dimensions with an actual case 
(experimentally) was conducted. An interesting feature 
comparison is presented in the following table. 

 
 
 

 Table 1. A comparison between the features of several FE software packages 
for manufacturing simulation [24]. 

Comparing 
Feature 

PAM-
FORM AniForm LS-

Dyna Abaqus* 

Fully decoupled 
bending behavior Yes Yes No Yes 

Assignment of 
characteristic curve Yes No Yes No* 

Deformation 
described by 

constitutive models 
No Yes No Yes 

Rate dependent 
membrane behavior Yes Yes No Yes 

Rate dependent 
bending behavior No Yes No Yes 

Rate dependent 
interface 

mechanisms 
Yes Yes Yes Yes 

Thermo-mechanical 
modeling Yes Yes Yes No 

Modeling of 
grippers/ blank 

holders 
Yes Yes Yes Yes 

Tailoring 
determination Yes Yes* No Yes 

Export fiber 
orientation Yes Yes* Yes * Yes* 

 *Only available by customized developments 

 
In the same work, it is concluded that the multipurpose FE 

packages (Abaqus, LS-Dyna) require additional effort in order 
to be able to analyze this particular manufacturing process 
while the customized FE packages (PAM-FORM, AniForm) 
are quite straight-forward. In terms of results’ quality, all the 
previously mentioned software may deliver quite accurate 
predictions while it is noted that the greatest accuracy is 
achieved when the user-defined modelling approaches are 
utilized by the corresponding software. 

4. Numerical Tools and Methods for Conducting 
Progressive Damage Analysis 

Another interesting aspect is the numerical tools and models 
developed in commercial software (e.g. ANSYS, Abaqus) 
aiming to predict the influence of specific defects (local) to the 
global (or macro) behavior of UD and textile composites. In 
most of the cases the lamina properties are calculated either by 
using micromechanical equations [25] or by recreating 
representative parts of the structures (RVE, RUC) to estimate 
the local properties of the lamina.  

While the first approach is applicable only in UD laminates, 
the second is of great interest as it contains a number of 
assumptions concerting the purity of the RVE  (Representative 
Volume Element) constituents (fiber, matrix), the interaction 
between them and, most of all, the geometry. For example, in 
the works seen at [26-27] ideal geometry of 3D woven 
composite material was simulated using continuum mechanics 
(Fig.4).  
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Fig. 3 The experimental (a) and numerical (b) investigation of the defects 
introduced to a manufactured CFRTP [23]. 
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As the non-destructive methods have been increasingly used 

in the recent years, a lot of effort was given in producing more 
realistic geometries of textile composites, thus to overcome the 
assumptions of the ideal geometries. Among the most 
promising NDT methods is the X-Ray CT which was used by 
Straumit et al. [28] or Liu [29] to reproduce the misaligned 
fibers of woven textile composites into voxel models and 
calculate their effect into the elastic response locally (Fig.5). 

 
 
 
 
 
 
 
 
 

 
 
 

5. Combining Manufacturing and Structural Analysis – 
The C.R.AB project overview 

From all the above, it is obvious than the structural analysis 
of a newly designed part is mostly based on assumptions and 
idealized geometries while a new trend is to be based on data 
derived from NDT tests conducted though after the 
manufacturing procedure (e.g. X-Ray CT). To this end, the two 
parts of a component development, manufacturing procedure 
and structural analysis can be considered separated.  

Aiming to overcome this fact, the University of L’Aquila in 
collaboration with companies of the automotive sector has 
launched the C.R.AB project (Composites Research ABruzzo). 
Following the recent technological trend, several automotive 
parts are about to be manufactured using GFRTP (Glass Fibre 
Reinforced Thermoplastic) and substitute this way the 

conventional materials due to their advantages. Nevertheless, 
the initial product design is not about to change, thus the project 
is focused in the following major points: 
• characterization of the ply properties for simulating the 

manufacturing procedure; 
• simulation of the thermoforming process for estimating the 

shear deformation of fibers, the thickness deviation and for 
optimizing the process itself; 

• characterization of the material behavior in several loading 
conditions and temperatures; 

• structural analysis of the part utilizing the output of the 
manufacturing simulation. 

Especially the last point may be the first step to a novel 
methodology that may provide the designer and the 
manufacturer with accurate predictions about the behavior and 
the properties of the part which is about to be constructed. The 
workflow of this project is presented in the block diagram 
shown in the following figure. 

 

 
 

 
 

Considering the above, the project aims to exploit optimally 
the results of the manufacturing simulation for developing an 
optimized manufacturing procedure and to integrate the output 
of the analysis (information about the yarns shear deformation, 
residual stresses etc.) into the structural analysis of a part into 
several loading conditions. A number of more than 500 
mechanical tests were designed so as to characterize the 
mechanical behavior of several composite materials based on 
the polypropylene matrix with either carbon or glass fibers. In 
addition a number of mechanical tests are designed to be 
conducted in high temperatures in order to characterize the 
mechanical properties of the thermoplastic composites while 
being manufactured. The final aim of the project is the 
substitution of conventional materials with composites 
fabricated optimally. 

6. Summary 

In the present paper, presented was the majority of the 
existing numerical tools for predicting the geometrical 
imperfections introduced while a part made of composite 
material is being manufactured. Among them, the 
imperfections of the fibers (misalignment, waviness, 
wrinkling) were briefly presented concluding about the 
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necessity of using predictive numerical tools to optimize the 
procedure. The authors made a brief presentation of the existing 
methods of structural and progressive damage analysis 
indicating the fact that so far major assumptions have been 
made for constructing them. To this end, the necessity of 
correlating the manufacturing procedure simulation to the 
structural and design analysis was presented as the basis of the 
C.R.AB project which is a national Italian research project in 
the automotive sector. 

Acknowledgements 

The present work has received funding by the national 
research project C.R.AB. (Composites Research Abruzzo) 
under the auspices of the Region of Abruzzo (Italy) and the 
European Union (POR FESR Abruzzo 2014-2020 - ASSE I-
Attività I.1.1 e I.1.4, contract CAR n. 2617- COR n. 216522). 

 

References 

[1] Stamopoulos AG, Tserpes KI, Vavrik D, Prucha P. Evaluation of porosity 
effects on the mechanical properties of carbon fiber-reinforced plastic 
unidirectional laminates by X-ray computed tomography and mechanical 
testing. Journal of Composite Materials 2015, 50(15): 2087-2098 

[2] Rhead TA, Butler R, Hunt GW. Compressive strength of composite 
laminates with delamination-induced interaction of panel and sub laminate 
buckling modes. Composite Structures 2017, 171:326-334. 

[3] Strangler L. The effect of carbon fiber misalignment on composite material 
strength. Master Thesis, South Dakota State University 2016. 

[4] Camblell FC, Mallow AR, Browning CE. Porosity in carbon fiber 
composites: an overview of causes. Journal of Advanced Materials- Covina 
1995, 26(4):18-33 

[5] Hoa SV. Principles of the manufacturing of composite materials. DEStech 
Publications Inc. 2009. ISBN: 978-1-932078-26-8 

[6] Jensen HM, Christoffersen J. Kink band formation in fiber reinforced 
materials. Journal of Mechanics and Physics of Solids 1997, 45 (7): 1121-
1136. 

[7] Schapery RA. Prediction of compressive strength and kink bands in 
composites using a work potential. International Journal of Solids and 
Structures 1995, 32 (6): 739-765. 

[8] Gutkin R, Pinho ST, Robinson R, Curtis PT. On the transition from shear-
driven fibre compressive failure to fibre kinking in notched CFRP 
laminates under longitudinal compression. Composites Science and 
Technology 2010, 70: 1223-1231. 

[9] Moran P, Liu X, Shih C. Kink band formation and band broadening in fiber 
composites under compressive loading. Acta Metallurgica et Materialia 
1995, 43:2943–58. 

[10] Vogler TJ, Kyriakides S. On the initiation and growth of kink bands. Part 
I: Experiments. International Journal of Solids and Structures 2001, 38: 
2639-2651 

[11] Vogler TJ, Hsu SY, Kyriakides S. On the initiation and growth of kink 
bands in fiber composites. Part II:Analysis. International Journal of Solids 
and Structures 2001, 38: 2653–2682 

[12] Joyce PJ, Kugler D, Moon TJ. A Technique for characterizing process-
induced fiber waviness in unidirectional composite laminates using optical 
microscopy. Journal of Composite Materials 1997, 31 (17): 1694-1727. 

[13] Li Y, Stiera B, Bednarcyk B, Simon JW, Reese S. The effect of fiber 
misalignment on the homogenized properties of unidirectional fiber 
reinforced composites. Mechanics of Materials 2016, 92: 261-274. 

[14] Adams DOH, Hyer MW. Effects of Layer Waviness on the compression 
strength of thermoplastic composite laminates. Journal of Reinforced 
Plastics and Composites 1993, 12 (4): 414-429.  

[15] Nair SN, Dasari A, Yue CY, Narasimalu S. Failure Behavior of 
Unidirectional Composites under Compression Loading: Effect of Fiber 
Waviness.  

[16] Hsiao HM, Daniel IM, Wooh SC. Effect of fiber waviness on the 
compressive behavior of thick composites. Civil and Environmental 
Engineering 1994, 196:141-159. 

[17] Adams DO, Hyert MW. Effects of layer waviness on the compression 
fatigue performance of thermoplastic composite laminates. International 
Journal of Fatigue 1994, 16 (6): 385-391. 

[18] Wu C, Gu Y, Luo L, Wang S, Li M, Zhang Z. Influences of in-plane and 
out-of-plane fiber waviness on mechanical properties of carbon fiber 
composite laminate. Journal of Reinforced Plastics and Composites 2018, 
37 (13): 877-891. 

[19] Poe C, Dexter H, Raju I. Review of the NASA textile composites research. 
Journal of Aircraft 1999, 36: 876-884. 

[20] Harrison P, Abdiwi F, Guo Z. Characterising the shear - tension coupling 
and wrinkling behaviour of woven engineering fabrics. Composites: Part A 
2012, 43: 903-914. 

[21] De Luca P, Lefebure P, Pickett AK. Numerical and experimental 
investigation of some press forming parameters of two fibre reinforced 
thermoplastics: APC2-AS4 and PEI-CETEX. Composites Part A 1998, 
29A: 101-110. 

[22] Willems A. Forming simulation of textile reinforced composite shell 
structures. Doctoral Thesis, K.U Leuven 2008. 

[23] Haanappel S. Forming of UD fibre reinforced thermoplastics: a critical 
evaluation of intra-ply shear. Doctoral Thesis 2013, University of Twente, 
Netherlands. 

[24] Dörr D, Brymerski W, Ropers S, Leutzd D, Joppiche T, Kärger L,  
Henning F. A Benchmark Study of Finite Element Codes for Forming 
Simulation of Thermoplastic UD-Tapes. Procedia CIRP 2017, 66:101 – 
106. 

[25] Tserpes KI, Stamopoulos AG, Pantelakis Sp. A numerical methodology 
for simulating the mechanical behavior of CFRP laminates containing 
pores using X-ray computed tomography data. Composites Part B 2016, 
102:122-133. 

[26] Tserpes KI, Labeas GN. Mesomechanical analysis of non-crimp fabric 
composite structural parts. Composite Structures 2009, 87: 358-369. 

[27] Koumpias AS, Tserpes KI. Progressive damage modeling of 3D woven 
composites. Proceedings of the 3rd International Conference of 
Engineering Against Failure (ICEAF III), 26-28 June 2013, Kos, Greece. 

[28] Straumit I, Lomov S, Weevers M. Quantification of the internal structure 
and automatic generation of voxel models of textile composites from X-ray 
computed tomography data. Composites: Part A 2015, 69: 150-158. 

[29] Liu Y, Straumit I, Vasiukov D, Lomov S, Panier S. Prediction of linear 
and non-linear behavior of 3D woven composite using mesoscopic voxel 
models reconstructed from X-ray micro-tomography. Composite 
Structures 2017, 179: 568-579. 

 

 



 Antonios G. Stamopoulos  et al. / Procedia CIRP 79 (2019) 563–567 567
 A.Stamopoulos and A.Di Ilio / Procedia CIRP 00 (2018) 000–000 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
As the non-destructive methods have been increasingly used 

in the recent years, a lot of effort was given in producing more 
realistic geometries of textile composites, thus to overcome the 
assumptions of the ideal geometries. Among the most 
promising NDT methods is the X-Ray CT which was used by 
Straumit et al. [28] or Liu [29] to reproduce the misaligned 
fibers of woven textile composites into voxel models and 
calculate their effect into the elastic response locally (Fig.5). 

 
 
 
 
 
 
 
 
 

 
 
 

5. Combining Manufacturing and Structural Analysis – 
The C.R.AB project overview 

From all the above, it is obvious than the structural analysis 
of a newly designed part is mostly based on assumptions and 
idealized geometries while a new trend is to be based on data 
derived from NDT tests conducted though after the 
manufacturing procedure (e.g. X-Ray CT). To this end, the two 
parts of a component development, manufacturing procedure 
and structural analysis can be considered separated.  

Aiming to overcome this fact, the University of L’Aquila in 
collaboration with companies of the automotive sector has 
launched the C.R.AB project (Composites Research ABruzzo). 
Following the recent technological trend, several automotive 
parts are about to be manufactured using GFRTP (Glass Fibre 
Reinforced Thermoplastic) and substitute this way the 

conventional materials due to their advantages. Nevertheless, 
the initial product design is not about to change, thus the project 
is focused in the following major points: 
• characterization of the ply properties for simulating the 

manufacturing procedure; 
• simulation of the thermoforming process for estimating the 

shear deformation of fibers, the thickness deviation and for 
optimizing the process itself; 

• characterization of the material behavior in several loading 
conditions and temperatures; 

• structural analysis of the part utilizing the output of the 
manufacturing simulation. 

Especially the last point may be the first step to a novel 
methodology that may provide the designer and the 
manufacturer with accurate predictions about the behavior and 
the properties of the part which is about to be constructed. The 
workflow of this project is presented in the block diagram 
shown in the following figure. 

 

 
 

 
 

Considering the above, the project aims to exploit optimally 
the results of the manufacturing simulation for developing an 
optimized manufacturing procedure and to integrate the output 
of the analysis (information about the yarns shear deformation, 
residual stresses etc.) into the structural analysis of a part into 
several loading conditions. A number of more than 500 
mechanical tests were designed so as to characterize the 
mechanical behavior of several composite materials based on 
the polypropylene matrix with either carbon or glass fibers. In 
addition a number of mechanical tests are designed to be 
conducted in high temperatures in order to characterize the 
mechanical properties of the thermoplastic composites while 
being manufactured. The final aim of the project is the 
substitution of conventional materials with composites 
fabricated optimally. 

6. Summary 

In the present paper, presented was the majority of the 
existing numerical tools for predicting the geometrical 
imperfections introduced while a part made of composite 
material is being manufactured. Among them, the 
imperfections of the fibers (misalignment, waviness, 
wrinkling) were briefly presented concluding about the 
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necessity of using predictive numerical tools to optimize the 
procedure. The authors made a brief presentation of the existing 
methods of structural and progressive damage analysis 
indicating the fact that so far major assumptions have been 
made for constructing them. To this end, the necessity of 
correlating the manufacturing procedure simulation to the 
structural and design analysis was presented as the basis of the 
C.R.AB project which is a national Italian research project in 
the automotive sector. 
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