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Abstract

In today’s rapidly evolving product development landscape, the efficiency and effec-
tiveness of making a product heavily depend on the seamless integration of design and
manufacturing processes. The progression of a design concept from development to man-
ufacturing is often impeded by deviations arising during the manufacturing process and
the subsequent repercussions they entail. While minor changes made during the initial
stages of design have limited consequences, the necessity for significant manufacturing
modifications later in the development cycle incurs substantial time and financial costs.
To mitigate these challenges, it becomes critical to prioritize manufacturing validation as
an integral component of the design evaluation process in all through its evolution, rather
than as an afterthought once the design has been finalized. However, this endeavor is not
without its complexities, given the intricate nature of designs.

This thesis delves into the critical aspect of design validation for manufacturing, col-
laborating closely with the NXPS department of Scania to address their specific challenges
due to manufacturing in EATS development. The prevailing method currently employed
for evaluating the manufacturability of CAD designs heavily relies on supplier feedback or
experiential knowledge garnered over years of experience as a mechanical engineer. While
undoubtedly valuable, this approach often fails to keep pace with planned development
cycles, resulting in frequent deviations. Moreover, beyond mere assessment, a thorough
comprehension of manufacturing processes is essential for validating various functions of
a design, ensuring alignment with real-world expected capabilities of the product. Thus,
the central focus of this thesis lies in devising a method to address these shortcomings and
contribute to optimizing the transition from design to manufacturing.

Given the dynamic nature of manufacturing processes, this thesis centre’s its attention
on sheet metal manufacturing, a primary process in manufacturing EATS. Through the
utilization of real-world case studies, a two-step methodology is developed, intending to
seamlessly integrate with the current SDD approach in EATS development. The initial step
involves the utilization of Autoform for analyzing design manufacturability, while the sub-
sequent step capitalizes on this knowledge to enhance structural analysis, thereby enabling
more realistic stress assessments. By concentrating on sheet metal manufacturing and im-
plementing a comprehensive two-step approach, this thesis proposes a tangible solution
to comprehend the challenges associated with manufacturing deviations, thereby aiding
decision-making processes in selecting more feasible and manufacturable design alterna-
tives.

Keywords: Autoform, CAD, CAE, CATIA V5, DataMapping, Manufacturability, Opti-
mization, Parametric CAD models, Sheet Metal Manufacturing, Simulation Driven Design
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Nomenclature
The following table is for the list of acronyms and their full forms that are used in the report

Acronym Full Form

EATS Exhaust Aftertreatment System
ICE Internal Combustion Engine
MDO Multi Disciplanary Optimization
DFM Design for Manufacturing
PD Product Develpoment
DOC Diesel Oxidation Catalyst
DPF Diesel Particle Filter
SCR Selective Catalytic Reduction
ASC Ammonia Slip Catalyst
FLD Forming Limit Diagram
CAE Computer Aided Engineering
CAD Computer Aided Design
KBE Knowledge Based Engineering
SDD Simulation Driven Design
API Application Programming Interface
FEM Finite element Method
FEA Finite Element Analysis
GUI Graphical User Interface
FI Formability Index
UI User Interface
NXPS Fluid Dynamics and Acoustic Simlation group at Scania
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1 Introduction

This master's thesis is a collaborative effort with Scania's NXPS team, responsible for
Fluid Dynamics and Acoustics Simulation, with a primary focus on EATS simulations. Sca-
nia employs a work framework integrating FEM, CFD and acoustics analyses to optimize
solutions with the help of parametric CAD models. Nevertheless, achieving a comprehen-
sive understanding of design necessitates an assessment of manufacturing feasibility. Hence,
to enhance the agility of working, this thesis aims to develop a method for evaluating the
manufacturability of sheet metal CAD components for EATS, within a dynamic work envi-
ronment characterized by rapid iterations.

1.1 Background

Scania is a pioneer in producing high-quality and reliable commercial vehicles that are
used in a wide range of industries, including transportation, logistics, mining and power so-
lutions. The company is also committed to sustainability, and has been at the forefront of
developing environmentally-friendly vehicles. However, this current surge in demand for
environmentally sustainable alternatives, necessitates technological advancements that can
address both performance and eco-friendly requirements with agility and effectively counter
market competition. In the context of ICE vehicles, the EATS assumes a pivotal role in en-
hancing the environmental compatibility of the vehicle, ensuring adherence to regulatory
standards imposed by relevant authorities.The current trajectory of ceaseless technological
progress, characterized by diverse development cycles, necessitates an expeditious approach
to effectively materialize and subsequently render ideas usable. In order to maintain such
momentum for developing a cutting edge functional EATS, it is imperative to incorporate
crucial functional considerations including manufacturability assessment,Flow perfomance,
Acoustics, Strength and Durability, during the design phase. By validating the most opti-
mal solutions during the early stages of design, this approach facilitates smoother iterations,
expediting the transition from conceptualization to practical implementation.But the present
process is having a long lead times for product development and then making the concept
feasible to a production level. Even though a design being deemed manufacturable, there are
instances where it may deviate from its intended functionality. One such case is the failure
of the pipe joining in one of Scania component as shown in Figure 1.1. Although the com-
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1.2. Problem Statement

ponent's design yielded positive results during simulation and was successfully manufac-
tured, it proved incapable of withstanding the intended loading conditions it was designed
for. On more detailed investigation, it was discovered that excessive thinning occurred at
the interface of the part during the manufacturing process, resulted in the increased stress
than expected and further lead to formation of a crack, ultimately leading to the failure of the
component.

Figure 1.1: Pipe mounting failure

From this it highlights the importance of integrating manufacturing assessment of CAD
parts within the initial stage of development to ensure that the design aligns with all re-
quirements, including manufacturability, thereby mitigating the possibility of occurrence of
disruptive feedback loops in the process. As a result, decision-making processes instill con-
�dence regarding the manufacturability of components, with the objective of reduce dimin-
ishing total production duration and minimize unnecessary cost deviations.So this require a
review of current product development process at SCANIA and the identi�cation and reso-
lution of its shortcomings.

1.2 Problem Statement

To �nalize a EATS design for prototype testing and further proceed to production the
delay that occurs is due to the lack of information about the manufacturability of sheet metal
parts used in EATS, which is acquired mainly through feedback from manufacturer. Cur-
rently, the development phase primarily emphasizes the creation of designs that meet func-
tional requirements, often without adequately considering manufacturing considerations and
the potential impact of various defects that may arise and this makes its challenging to deter-
mine the manufacturability during procurement process as dif�culty arises due to intricate
nature of sheet metal parts. So it's crucial to incorporate manufacturing parameters in to the
design process [7], which is a primary focus of this thesis.

1.3 Purpose and Objectives

The purpose of this thesis is to create a method that utilizes simulation and automation to
evaluate the manufacturability of a sheet metal CAD [1] parts that has been designed. The
method intends to evaluate the manufacturability of the CAD component by analyzing the
metal forming process and subsequently integrate the results with other functional param-
eters like stress simulations to attain optimal results and facilitate for modi�cations to the
design based on the manufacturability evaluation.

Objectives

• Asses the present design and development process for the EATS parts at Scania and
analyze the extent of implementation of manufacturability evaluation for CAD design.

3



1.4. Research Questions

• Develop a effective method for evaluating Parametric CAD models of sheet metal parts
with respect to manufacturability using sheet metal forming simulation tool and inte-
grating it with other functional requirements.

• Assess the causes of manufacturable component failures based on simulation results.

• Implement any possible Automation to reduce the time for repetitive tasks for acquiring
knowledge of EATS part's manufacturability.

1.4 Research Questions

The following thesis and research questions are framed to guide the research and evaluate
the method in order to meet the purpose and objectives set.

Thesis Question: What are the present methods for assessing the manufacturability of
sheet metal CAD parts for the stamping process at SCANIA? How can they be enhanced?

Research Question: How effective could an automated and integrated Framework of the
method for manufacturability assessment be?

1.5 Delimitations

The delimitations that were followed in setting and formulating a method for evaluating
manufacturability in order to achieve the established goals are presented below.

• The proposed method will be designed by utilizing the available inputs exclusively
from SCANIA. This implies that the data, resources, and expertise required for devel-
oping the method will be sourced solely from SCANIA.

• The approach for the proposed solution will be determined by considering the soft-
ware that is accessible for use and taking into account its features, functionalities, and
capabilities.

• The thesis project will be executed within a prede�ned timeline of 20 weeks constraint,
during which the research, development, testing, analysis and reporting will be carried
out.

• Although the method is to evaluate manufacturability, the work is limited to sheet metal
operations that is utilized for parts in EATS.

4



2 Theory

This chapter serves to outline the theoretical foundation that
forms the basis for this Master's thesis. The primary objective is to present theo-
retical knowledge and information about several key topics such as what is EATS,
Present Design Process, Sheet metal manufacturing, Problems that occur and other
related subjects. The purpose of this is to explore and analyze these theoretical con-
cepts and identify key principles and best practices that can be used to develop a
successful method for achieving the thesis objectives.
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2.1. Exhaust After treatment system(EATS)

2.1 Exhaust After treatment system(EATS)

The exhaust system is crucial for creating an eco-friendly transport solution. Engine
exhaust gases contain toxic components that are unsuitable for direct release into the atmo-
sphere so the EATS, shown in Figure 2.1, is a compact setup that processes the exhaust gases,
making them suitable for release into the air. Automobile manufacturers must comply with
changing legislation that focuses on reducing emissions, which means the EATS is constantly
evolving. To remain competitive and satisfying the customer demands, the most ef�cient
product with all required functionalities should be created at the earliest.

Figure 2.1: Exhaust After Treatment Systems[10]

The ideal outcomes of combustion in an engine include Nitrogen dioxide, Carbon diox-
ide, and other substances, along with water. However, complete combustion is never achiev-
able in reality. As a result, the byproducts are harmful monoxides and other substances that
should not be released freely into the air. Furthermore, the noise generated within the system
must be reduced to prevent disturbances in the surroundings. Therefore, the NXPS employs
a collaborative effort with designers to �ne-tune the physics of �uid dynamics and acoustics,
which determine the exhaust system's functionality, through simulation. The Figure2.2 de-
picts a general representation of the systems involved, presented in the same manner as the
process �ows.

Figure 2.2: Exhaust After Treatment Systems[8]

The exhaust gas cleaning process involves sequential stages to mitigate emissions. Ini-
tially, the Diesel oxidation catalyst (DOC) oxidizes monoxides. Subsequently, the Diesel Par-
ticle Filter (DPF) captures particulate matter. Urea injection precedes treatment for nitrogen
contaminants, generating ammonia. Within the Selective Catalytic Reduction (SCR) unit, am-
monia reduces nitrogen oxide to nitrogen and water. An additional catalyst, ASC, follows the
SCR to eliminate residual ammonia before atmospheric release.

6



2.2. EATS Development at SCANIA

While all the �lters within the system are created using specialized methods and procured
over the shelf, other components of the Exhaust After treatment System (EATS), such as the
pipes for gas �ow and where the �lters sit and the EATS covers are designed by SCANIA
which are mainly manufactured using sheet metal and employ various manufacturing meth-
ods like stamping, bending and extruding among others. The geometrical dimensions of each
component are established based on simulations encompassing different functionalities that
align with the de�ned objectives of the EATS. A comprehensive design approach has been
employed to ensure the integration of all constituent systems in a compact manner. This in-
volved a series of iterative simulations carried out to meet the predetermined goals.The EATS
as a whole will be designed to ensure that all its components are accommodated in a compact
manner.While it is possible to create the best product possible through virtual designing and
simulation, it is the practical nature of how the product can be manufactured that ultimately
de�nes its existence. Therefore, the manufacturing validation process is a critical exercise that
determines whether the design is valid or not.

2.2 EATS Development at SCANIA

The primary task to begin with and one of the objectives to achieve is to learn the
development process for EATS at SCANIA.The PD process at Scania goes on as shown in the
Figure 2.3.

Figure 2.3: PD process at Scania

The PD Process encompasses various sub-processes that work towards to develop and
industrialize products that meet customer's expectations in terms of quality and functionality.
The whole process is structured in agile environment with cross-functional, scalable, �ow-
oriented, paced, and property-based approach. From a holistic development perspective, the
process can be conceptualized as a two-tiered framework as shown in 2.3 comprising internal
design operations conducted at Scania and subsequent manufacturing efforts carried out by
external manufacturers. In essence, the initial stage encapsulates the visualization of the
concept, while the subsequent stage focuses on translating this visualization into tangible
reality. Both of these within the process work together collaboratively in a loop iteratively till
desired output is acquired.
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2.3. Manufacturing

In the �rst box as shown in 2.3 the design team seated in the middle, who start the de-
velopment process of the Exhaust system which encompasses two main approaches: either
upgrading a previous model or commencing from scratch. Regardless of the approach, the
development initiates with the formulation of various solutions through concept develop-
ment that adhere to requirements and limitations. Subsequently, detailed 3D modeling of
these concepts is performed utilizing CAD software . These models undergo modi�cations
through multiple simulations, including Strength simulation, CFD, and Acoustics, to ful�ll
diverse functional requirements. This modi�cation stage involves an iterative process un-
til a design that meets all requirements is achieved. At Scania, the iterative process within
this particular box is highly ef�cient in proposing feasible solutions through the utilization
of simulation-driven design. This approach is bolstered by employing various techniques,
such as design automation and optimization, to streamline the design process and enhance
its effectiveness.

After �nalizing a design that meets the speci�ed criteria, the corresponding 3D visualiza-
tion is then transmitted to the manufacturers, who occupy the subsequent stage of the devel-
opment process,the second box as in 2.3 for consideration on how it can be actualized.Upon
analyzing the CAD part with respect to their manufacturing capabilities, the manufacturers
provide feedback regarding potential modi�cations to the design, which contribute to the
realization of the design. Occasionally, the feedback necessitates signi�cant modi�cations,
which can disrupt the efforts invested in the earlier stages. Such modi�cations restart the iter-
ative process of modeling and simulations, and then the iterative process of between the two
boxes of development leading to potential delays and adjustments. Also occasionally, these
modi�cations can be prohibitively expensive or infeasible to implement within the current
stage of development, thus impacting the overall progression of the development process.

2.3 Manufacturing

The process of transforming raw materials into a �nished product of varying shapes and
sizes, with or without altering its physical or mechanical characteristics, is known as a manu-
facturing process. This procedure is typically accomplished through the use of various tools,
machinery, and human labor, as well as mechanical aids.In general there are many ways of
categorizing the manufacturing process and the below is a categorization based on function
and operation involved.

• Forming

• Machining

• Joining

• Surface �nishing processes

• Heat treatment Process

• Additive Manufacturing

Although the above categorization is not a standard way, it is based on the functions and
operations carried out on raw materials, such as material removal, shaping by applying force,
heat or others, and component joining. There is no speci�c way to decide which manufactur-
ing process should be involved in creating a product by just from CAD part, but it depends on
the experience and knowledge of the designer and process engineer. Complex products often
require the involvement of multiple manufacturing processes to obtain the �nal product. For
these , the �ow of the manufacturing process is determined by engineers after studying the

8



2.3. Manufacturing

geometrical features and desired properties. Therefore, the whole process can be divided into
two steps.

• Primary manufacturing process: The primary manufacturing process is de�ned as the
�rst signi�cant step in transforming the raw product into a usable form, where most
of the design's geometry is de�ned. This step mostly involves processes like forming,
machining, additive manufacturing, and sometimes joining.

• Secondary Manufacturing process: The secondary manufacturing process follows the
primary manufacturing process, where operations mostly like surface �nishing, heat
treatment, and machining are performed to include the missing geometrical features
or material properties in the �nal product, so that it replicates the design in terms of
geometry and functionality .

2.3.1 Sheet Metal Manufacturing

Sheet metal is de�ned as a �at metal sheet with thickness between 0.38mm to 5mm and
anything above this range is plate and below it is foil [9].As said in 2.1, most of the parts
of EATS are manufactured from sheet metal. Most common operations for manufacturing
sheet metal parts of EATS involve Forming and Machining.

As the thesis focus is on sheet metal operation, the commonly used sheet metal manufac-
turing process involving either forming or machining are

• Shearing

• Punching and Blanking

• Bending process

• Drawing or Stamping

• Hydro-forming

For the majority of the parts in EATS, the primary manufacturing process is being forming,
and the secondary manufacturing process is machining, although this may not be true in all
cases. It could also be contended that forming is performed on blanks, which are products of
machining. However, manufacturers typically acquire blanks from suppliers and commence
their manufacturing processes with them as raw materials.

To discuss these manufacturing processes, it would be appropriate to group them into
their respective categories as listed below.

2.3.1.1 Forming

To discuss in detail, Forming usually involve shaping of material without adding or removing
of material.Different forming process include forging, casting and stamping.

• Drawing or Stamping: The process involves the fabrication of sheet metal by pressing it
to attain the desired shape. A tool applies pressure to the sheet metal, compelling it into
the die cavity to achieve the desired form. This method �nds widespread application in
the manufacturing of automotive components such as vehicle body panels, door panels,
engine hoods, and exhaust system parts as in Fig 2.4

• Hydro-Forming: The manufacturing technique involves shaping metal sheets or tubu-
lar sections into desired forms using �uid pressure. When applied to sheet metal, it is
termed as sheet metal hydroforming, while with tubular sections, it is referred to as
tube hydroforming. The process entails subjecting sheet metal blanks or tubes to plastic
deformation through the application of �uid pressure as in Fig 2.5
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Figure 2.4: Sheet metal stamp

Figure 2.5: Hydro-forming

2.3.1.2 Machining

Machining typically involves material removal processes aimed at achieving speci�c shapes
or geometric features. These processes include milling, turning, drilling, shearing, punching,
blanking, among others.

• Shearing: The sheet metal cutting process entails the movement of a blade along a
linear path between two cutting edges[11]. The sheet is secured in position, and an
upper blade applies force, inducing plastic deformation until the sheet splits into two
sections. Specialized machinery, typically powered by hydraulic, mechanical, or pneu-
matic sources, as in Fig 2.6 is employed to execute this operation.

• Punching and Blanking:

This sheet metal cutting process utilizes a punch and a die. Punching and blanking are
akin techniques, differentiated by the disposition of the resulting pieces post-operation.
In punching, the severed pieces are regarded as scrap material, while in blanking, they
represent functional components as shown in Fig 2.7.
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Figure 2.6: Shearing [11]

Figure 2.7: (a) Blanking (b) Punching (Altan and Tekkaya, 2012)

2.3.2 Sheet Metal Stamping

As referenced in 2.3.1.1, stamping is the process of transforming a �at sheet metal into a
desired form. The standard con�guration for stamping is depicted in Figure 2.8, typically
identi�ed as a stamping press. This press comprises two principal elements: the die and the
punch. The die, featuring a prede�ned shape, dictates the ultimate form of the sheet metal,
while the punch descends onto the material, applying pressure against the die.

Both the die and the punch are con�gured with speci�c shapes [3], intended to collabo-
ratively imprint the requisite geometry onto the sheet metal. The stamping process entails
the application of punching force onto the punch, propelling the sheet metal into the die and
thereby deforming it to the desired con�guration. Material �ow within the sheet metal is
regulated by drawbeads and die corners. Furthermore, the binder force assumes a pivotal
role in anchoring the sheet metal, thereby facilitating the stamping process and aiding mate-
rial �ow.

In the stamping, the sheet metal workpiece commonly assumes the designation of "Blank".
Its design holds considerable signi�cance, incorporating speci�c elements [3], as illustrated
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Figure 2.8: Stamping Press

in Figure 2.9. A critical element, denoted as the "stamping surface," represents the actual
part bearing the requisite geometric features. Simultaneously, the "binder" denotes surplus
material responsible for securing the sheet metal part between the die and punch, ensuring
stability during the application of binding force. Furthermore, the "Addendum" designates
excess material intentionally provided to facilitate optimal material �ow into the die, thereby
enabling the creation of well-de�ned geometries on the sheet metal while mitigating the
occurrence of forming defects.

Figure 2.9: Different Elements of Blank

2.3.3 Problems in Sheet Metal Stamping

For this thesis, the focus has been decided to be on Forming and in speci�c Stamping, which
is a primary manufacturing process for majority of EATS parts and is crucial because the
machining features are added only after the parts are formed. To validate manufacturing,
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it is important to have knowledge of the defects or problems that can occur during the pro-
cess. This knowledge can be put into practice by carefully choosing process parameters to
avoid these defects. As the intensity of these defects quantify the failure, so they de�ne the
manufacturability of the process and also the design, and therefore it is important to discuss
the different types of defects or problems that are commonly encountered during sheet metal
forming. The discussion of these defects is presented below.

For this thesis, the focal point has been delineated to encompass Forming, particularly
focusing on Stamping, which serves as a principal manufacturing process for the majority of
Engine Aftertreatment Systems (EATS) components. This emphasis is pivotal as machining
features are incorporated subsequent to the forming of parts. In order to ascertain manufac-
turing validity, it is imperative to possess insights into potential defects or challenges that
may arise during the process. This knowledge can be effectively applied by carefully select-
ing process parameters to avoid these defects. Given that the severity of these defects serves
as a measure of failure, they signi�cantly in�uence both the manufacturability of the process
and the design. Therefore, it is important to address the various types of defects or issues
commonly encountered during sheet metal forming, a discussion of which is presented be-
low.

• Thinning

One of the most prevalent occurrences in sheet metal forming is excessive thinning, a
phenomenon commonly encountered during processes such as Drawing and Stamping
involving plastic deformation. In sheet metal forming, elevated tensile stresses often
lead to excessive necking, resulting in the thinning of the material. The extent of thin-
ning depends upon material properties and the speci�c process parameters employed.
This phenomenon typically manifests at the edges and bends of sheet metal parts
when subjected to pressure against a die by a punch, owing to localized expansion of
the material at these points. A simulated representation of thinning is illustrated in
Figure 2.10. While thinning is an inherent outcome of metal under stress, it is deemed
problematic only when it compromises the structural integrity of the part, rendering it
incapable of withstanding the intended loads.

Figure 2.10: Thinning

• Splitting
The occurrence of tearing or ripping of sheet metal during the manufacturing process
is termed as splitting. Typically, this failure is attributed to localized necking, which
induces additional stretching of the material, leading to thinning beyond its safe thresh-
olds, even in the absence of applied loads. Splitting is more prevalent in con�gurations
with complex geometries and can also be in�uenced by the material composition uti-
lized in the manufacturing process. An illustration of splitting is depicted in Figure
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2.11.

Figure 2.11: Splitting

• Springback
This phenomenon is commonly observed in sheet metal forming processes, where the
material either rebounds to its original con�guration or fails to conform to the desired
shape post-bending or deformation. This occurrence is attributed to the release of resid-
ual stresses induced during the forming operation. Consequently, the resultant shape
of the formed part deviates from the intended design, leading to dimensional incon-
sistencies and geometric discrepancies. Springback represents a prevalent challenge in
sheet metal forming and necessitates meticulous consideration during both the design
and manufacturing phases to ensure adherence to desired speci�cations. An illustration
depicting springback is provided in Figure 2.12

Figure 2.12: Springback

• Wrinkles
Wrinkles represent a surface defect characterized by the non-uniform buckling or fold-
ing of the metal surface, leading to the formation of visible creases or wrinkles. Var-
ious factors can contribute to the occurrence of these defects, including excessive ma-
terial thickness, inadequate lubrication, or inappropriate tooling design. Wrinkles are
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deemed undesirable in sheet metal forming processes due to their potential to signif-
icantly diminish the strength, aesthetic appeal, and dimensional accuracy of the �nal
product. Consequently, meticulous attention must be paid to both the design and man-
ufacturing processes to mitigate the occurrence of wrinkles in sheet metal forming. Fig-
ure 2.13 depicts the formation of wrinkles.

Figure 2.13: Wrinkles

Acquiring an understanding of defects and gaining practical experience can contribute to
making informed decisions concerning material selection, optimal thickness, and diverse de-
sign aspects during the conceptualization phase. Additionally, the capacity to analyze simu-
lation outcomes can facilitate the delineation of requisite parameters essential for con�guring
the forming process, as elaborated upon in subsequent sections.

2.3.4 Formability

Formability refers to the ability of a sheet metal to be shaped into a desired form without devi-
ating from necessary standards or experiencing localized thinning. It primarily hinges on the
material's capacity to undergo plastic deformation without cracking or developing defects,
as discussed in literature 2.3.3. This capability is in�uenced by mechanical properties such
as yield strength, ductility, and strain hardening capacity, as well as microstructural features
including grain size, texture, and phase distribution. Additionally, when assessing a com-
ponent or part, formability also considers dimensional speci�cations and the arrangement of
various geometric features such as holes, chamfers, and �llets along the part's contour.

The formability of a material holds signi�cant importance in industries such as automo-
tive, aerospace, and construction, as it directly affects the ability to manufacture products
with intricate shapes and geometries [4]. Materials characterized by high formability are
preferred, as they facilitate ef�cient and cost-effective manufacturing processes.A common
method for assessing formability is by utilizing the Forming Limit Diagram (FLD), depicted
in Figure 2.14, which illustrates the relationship between major strain and minor strain. This
diagram aids in predicting the maximum strain a sheet metal can withstand before failure
occurs during the forming process. In the FLD, the shaded region below the limiting curve
represents the safe area where failure does not occur. When strain combinations fall outside
this safe zone, various modes of failure may occur. However, despite selecting a material
with high formability, the formability of a component or part can still be in�uenced by its
geometry. This can lead to the occurrence of defects, as discussed in. 2.3.3.

15



2.4. Knowledge Based Engineering

Figure 2.14: Forming Limit Diagram (FLD)[4]

2.4 Knowledge Based Engineering

KBE entails leveraging knowledge to automate or aid in engineering tasks. Speci�cally, dur-
ing the design phase, KBE can be de�ned as the process of acquiring knowledge pertinent
to product development, which involves integrating knowledge and design templates with
parameters and rules. This accumulated product-speci�c knowledge is encapsulated as a
product model in KBE, accessible to individuals beyond the domain [6]. The overarching ob-
jective of KBE is to streamline the design process by automating repetitive engineering tasks,
thereby enhancing ef�ciency and enabling greater emphasis on creativity.

Figure 2.15: Ben�t of KBE[5]

Moreover, Knowledge-Based Engineering (KBE) is commonly complemented by
Simulation-Driven Design (SDD), which is an approach to product development relying on
computer simulations, speci�cally using Computer-Aided Engineering (CAE), to steer the
design process. This methodology utilizes computer simulations to guide design iterations
and assess the performance of various design alternatives. SDD often collaborates with KBE,
leveraging the knowledge stored in KBE systems to facilitate the creation of superior prod-
ucts.The implementation of the SDD approach within KBE involves utilizing diverse CAE
tools for designing (e.g., Catia), automating (e.g., Matlab, Python), simulating (e.g., Ansys,
Autoform), and testing, as elaborated upon in subsequent sections.

16



2.5. Softwares

2.5 Softwares

As mentioned earlier, SDD provides robust support for Knowledge-Based Engineering (KBE),
and for SDD, software's serves as a powerful tool for designing, modeling, simulating, and
testing. This section will discuss the various software programs used in the thesis.

2.5.1 Designing and Modelling

At Scania, CATIA serves as the primary tool for Computer-Aided Design (CAD) develop-
ment of parts and products. It is utilized in all design phases, starting from concept devel-
opment to detailed design, including tasks such as sketching, drawings, and 3D modeling.
Furthermore, CATIA supports Knowledge-Based Engineering (KBE) through design automa-
tion. Two types of geometry transformations are considered when discussing design automa-
tion, morphological changes and topological changes. Morphological changes pertain to the
alteration of geometry features in shape and size within the model design. In general, mor-
phological changes for a feature do not affect the whole part structure or other features. The
automation of morphological transformation is deemed a low level of automation and can be
accomplished by creating formulas for a parametric and establishing rules between the pa-
rameters using scripting. Topological changes, on the other hand, deal with the modi�cation
of the geometry of any feature and its impact on other features and the whole part. The au-
tomation of topological transformations is deemed a high level of automation and is carried
out by using power copies and manual instantiations for a parametric CAD model, utilizing
rules and formulas. Additionally, CATIA also allows for high-level automation by allowing
to employ third-party software like Visual Studio, which can aid in advanced operations such
as automatic instantiation.

2.5.2 Sheet Metal Forming Simulation Software

Various simulation software are available to simulate sheet metal forming, enabling the iden-
ti�cation of potential defects or challenges that may arise during the manufacturing process.
These simulations should facilitate the product development process and provide valuable
feedback on limitations and design parameters that require consideration to effectively man-
ufacture the product. The software should also provides insights into how particular sheet
metal can be formed and the results of forming speci�c designs. some of the sheet metal
forming simulation software programs available in the market are:

• Inspire form

• Autoform

• Hyperform

• Ansys Form

The aforementioned software packages can be utilized to evaluate the manufacturing fea-
sibility of sheet metal parts through simulation methods. For this Master's thesis, Autoform
is selected as the simulation software to assess the manufacturing feasibility of the sheet
metal parts.

2.5.2.1 AutoForm

Autoform Forming is a simulation software that evaluates the feasibility of sheet metal parts
in various processes, such as deep drawing, punching, primary drawing, and secondary
drawing. It comprises several modules, including Stamping Advisor, Die Designer, and

17



2.5. Softwares

Assembly Planner, which assist in verifying the feasibility of the parts. In this thesis, Aut-
oform Stamping Advisor is used to assess the manufacturability of sheet metal parts. It
evaluates the feasibility of the part and the process and determines the blank shape, material
utilization, and blank cost.

Autoform provides valuable feedback on key stamping quality issues, such as spitting,
excess thinning, potential for wrinkling, spring back [17] and developed blank shape. It
is used for early feasibility evaluations based on part geometry alone, without considering
tool geometry. For these analyses, the software allows modi�cation of the part, and when
necessary, automatically generates a blank holder surface and a schematic addendum.

The feedback from Autoform's simulation is used as input for parts analysis, determining
whether the part can be manufactured without any problems, such as excessive thinning,
splitting of the sheet metal, springback [13], or potential wrinkles on the part surfaces. The
outputs are presented as 3D images along with node speci�c data in STL and CSV formats
that indicate potential splits and other parameters.

2.5.3 Automation

Automation is a critical aspect of KBE as it reduces the time taken for repetitive tasks and
allows for more focus on creative work[5]. Generally, automation can be classi�ed into two
types based on its implementation. The �rst type is known as soft automation, which in-
volves the use of internal APIs that enable users to input customized scripts for implementing
desired automation. An example of this is the Knowledgeware workbench in Catia. On the
other hand, brute automation involves implementing automation using third-party software
when no APIs are available to perform the desired automation. But still the extent of this
type automation is also totally dependent on the software even using third-party resources.
Visual Studio is an example of such third-party application used for implementing brute
automation. Visual Studio is an Integrated Development Environment (IDE) that facilitates
the development of computer programs using programming language. It uses Microsoft de-
velopment platforms such as Windows API and Windows Form. As Visual Studio connects
various software used in Windows, it is used to code at the backend and control different
software to proceed with the intended automation.
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3 Thesis Methodology

The aim of this chapter is to outline the work�ow and methods
used in the Master's thesis. It offers detailed information to explain how the �nal
results were achieved. Additionally, it describes the methodology planned to achieve
the desired outcome.
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This section discusses about the work�ow that is used in this thesis process and different
methods used within the work for this thesis.

Figure 3.1: Work Flow

3.1 Pre-Development

When embarking on this thesis project, it's important to thoroughly understand the problem
and related topics. Collecting relevant data and information is the initial step in achieving
this. In this case, gathering necessary data involved acquiring information on the basic prin-
ciples and current practices in sheet metal manufacturing. To accomplish this, three main
methods were utilized: conducting a literature review, carrying out interviews, and review-
ing previous thesis works.

3.1.1 Literature study

The literature review conducted was comprehensive, involving an examination of various
academic and industry publications. The aim was to gain insights into the subject matter,
focusing particularly on studying technical papers and documents. Through this review, the
study aimed to understand the technical procedures and processes commonly used to assess
the manufacturability of parts.

The literature review speci�cally delved into the processes of designing parts using
computer-aided design (CAD) software, as well as the techniques and procedures employed
in manufacturing. This included a detailed investigation of available simulation software to
identify effective tools for evaluating part manufacturability.

Furthermore, the study aimed to identify common manufacturing problems and their
relationship with design parameters, with the goal of developing ef�cient solutions. This in-
volved analyzing technical journals and industry publications on manufacturing processes,
particularly focusing on simulation techniques for obtaining accurate results on manufac-
turability.

Additionally, the study involved attending technical meetings and observing processes
at Scania to gain deeper insights into the necessity of simulation and part evaluation. This
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provided valuable insights into practical challenges and considerations in manufacturing,
emphasizing the importance of simulation for ensuring optimal performance and quality.

3.1.2 Interviews

The main objective of this process is to interact with individuals who possess expertise in
design and manufacturability evaluation. Interviews are conducted with various individu-
als who have experience using simulation software in both past and present projects. These
interviews offer valuable insights into the simulation software, including its robustness, ef�-
ciency, and the quality of output it generates.

Conducting these interviews aids in obtaining a deeper understanding of the speci�c fea-
tures and capabilities of the simulation software, as well as its strengths and limitations. This,
in turn, facilitates the development of a more nuanced and informed approach to manufac-
turability evaluation. Additionally, it enables a focus on a user-centric methodology and
provides insights into challenges encountered in previous evaluation attempts.

3.1.3 Former Thesis

The insights gained from previous thesis work are valuable contributions to this research.
This prior knowledge has enabled a more targeted focus on selecting simulation software
best suited for evaluating part manufacturability. Additionally, it has aided in determining
the extent of automation feasible in the simulation phase of the manufacturing process, based
on the software utilized.

Although the methods and evaluation software in this thesis differ from those in previous
research, the previous thesis work has been instrumental in identifying the most effective sim-
ulation software for assessing manufacturability. Furthermore, the anticipated future work
outlined in previous theses has served as a guiding reference.

3.2 Developement

This phase represents the main working stage i, where we began consolidating knowledge
and formulating solutions. It involved selecting suitable simulation software and acquiring
the necessary skills to analyze simulation outputs, enabling the assessment of manufactura-
bility. Furthermore, the focus was on utilizing these �ndings for subsequent strength analysis.
This process contributed to developing a framework that facilitated seamless progress, align-
ing with the primary objective of proposing an ef�cient method for use during the product
development phase. It can be conceptualized as solving a black box, with the CAD part as
input and obtaining manufacturing assessment as output.

Figure 3.2: Black Box
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3.3 Post Development and Implementation

Following the completion of the development phase, the post-development and implemen-
tation stage was dedicated to re�ning the method and establishing it as a standardized ap-
proach through continuous iterations. Once the manufacturing assessment process was es-
tablished based on these efforts, further steps were taken to explore automation possibilities,
with the aim of reducing repetitiveness within the process.

A GUI was developed using Visual Studio to aid in generating various design variants for
a parametric CAD part. Additionally, Python scripts were developed to facilitate the analysis
of output data derived from AutoForm, thereby enhancing the automation process. Further
discussion on this is provided in the results section.

Once the method and automation processes were completed, a test case was undertaken
to demonstrate the process and identify the optimal design that achieves both durability and
manufacturability during the implementation phase.
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4 Results

In this chapter, the results and other discoveries of the thesis will
be presented. The section will commence with an overview of the research �ndings.
Subsequently, diverse case scenarios will be investigated and the approach will be
optimized for its practicality, precision, and implementation. Lastly, a thorough
explanation of the outcomes of the implemented case study will be provided.
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4.1 Pre-Developement Phase

In this section, outcomes of the different Pre-Development phase are presented in detail.It is
important to note that the information provided here is not an exact statement made by the
individual, but rather a comprehensive summary of the conversation and its outcome.The
interview and literature study have been conducted meticulously, and the results have been
analyzed thoroughly.The information here is a culmination of all sources of data to provide
valuable insights into the subject matter.

After conducting a detailed analysis of the EATS during this phase, it became evident that
a signi�cant portion of its components are constructed using sheet metal, as mentioned in
section 2.1. It is noteworthy that the entire manufacturing process of the EATS is outsourced
to an external supplier. Consequently, the focus has been directed towards effectively incor-
porating the knowledge of sheet metal stamping into the development process of the EATS.

While there is a scarcity of literature speci�cally addressing the manufacturing valida-
tion of CAD designs, a comprehensive understanding of the principles for manufacturing
validation and techniques involved in stamping, as explained in section 2.3.2, is obtained.In
accordance with Ronald's paper, the evaluation process can be initiated by considering the
following for the design to assist in manufacturability assessment.

• The classi�cation of parts features, that impact the evaluation of process capability is
necessary

• The evaluation of compatibility between these part features and the capabilities of the
manufacturing process.

In doing so it is to distinguish between those features that are involved in primary manu-
facturing processes and those that are involved in secondary manufacturing processes. once
this relation between part features and manufacturing process is achieved it's easier to per-
form evaluation

This thesis is focused to evaluate the stamping process, there are several key aspects that
must be taken into consideration to ensure the optimal practice of stamping. One such as-
pect is measurement of back-draft, which indicates the ease with which a punch and die can
be retracted after performing the stamping operation on the sheet metal. The success of a
stamping operation is inversely in�uenced by the magnitude of the back-draft. The geomet-
ric characteristics of the parts heavily impact this factor. Additionally, binder calculation and
the utilization of addendum, as mentioned in section 2.3.2, are other crucial considerations.

This study has further provided valuable insights in distinguishing between the process
perspective and design perspective of manufacturing validation, contributing to a more dis-
tinct understanding of the development process for the EATS.

The outcome of the interview regarding previous work conducted to determine the man-
ufacturing feasibility of sheet metal parts indicated that the proposed overall method was not
functional. However, it was observed that the method was primarily focused on cost-based
optimization, and the results were obtained by prioritizing cost as the main objective. Ad-
ditionally, the simulation software that is used in obtaining the results produced an outputs
that were relatively basic in terms of quality. While the procedures could only be applied
to simple shapes and designs, it was discovered that for components used at NX, greater
precision was needed, particularly in terms of wrinkle and splitting detection. It was also
observed that in order to obtain accurate solutions, user needed to provide the simulation
software with a signi�cant amount of input. And feedback would be that the users are
required to improve the accuracy of the simulation results and investment of time to change

24



4.2. Development

the parameters for optimal design.

After conducting interview and from previous work, various simulation software pro-
grams were investigated to determine their potential for ful�lling the objectives of the project.
Considering this input, the decision was made to use the Auto form simulation software for
forming simulation in this thesis project.

Based on prior research and interviews, The software has been utilized by designers at
Scania, who have provided feedback that the manufacturability results obtained through
Autoform have been comparable to those obtained from suppliers, thus making it a reliable
option. Through the use of Autoform, insightful correlations between geometry features and
the forming ability of designs have been identi�ed, which have aided in the development of
the methodology for this thesis.

4.2 Development

The literature study and interviews conducted acted as good guide in directing towards to
develop an evaluation process. To accomplish this, a thorough understanding of the Aut-
oForm Software and its results was required in order to draw valid conclusions to answer
about manufacturability of a CAD part. The software package consisted of two parts. The
�rst part, known as the single step solver, offered a quick analysis of various design aspects,
making it useful from a design perspective. The second part is the incremental simulation,
demanded extensive user input to design the tool and devise a sequence plan of operations
required for manufacturing for the CAD part. This part was more focused on the process per-
spective, involving discussions on addendum, die radius, and the proper blank design. Due
to licensing limitations, only the single step solver was included in the package for the usage
of this thesis. The following information given is a result of the initial stage of this phase that
has been instrumental in formulating the method

4.2.1 AutoForm

As mentioned in above section, AutoForm is a powerful tool utilized for performing stamp-
ing simulations on sheet metal CAD parts using Finite Element Analysis (FEA). As shown in
Figure 4.1 the top row illustrates a comprehensive process �ow that needs to be followed for
incremental simulations. However, in the case of one-step simulations, only the �rst option
from the top row is employed. The bottom row depicts the step-by-step process for one-step
simulations. starting with the Import option, followed by providing tipping and material in-
formation, and concluding with the form check. A more detailed procedure for this process
is provided in the Appendix B.

Figure 4.1: Simulation Process

During the import phase, it is crucial to select the surface on which the punch will act,
and determine the direction of the stamping. As illustrated in Figure 4.2. The chosen surface
is indicated by the yellow shade, while the red arrow represents the stamping direction. This
selection plays a signi�cant role as the entire simulation's results depend on it. A general
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guideline for surface selection is to opt for the deepest surface, although this may not always
hold true in all cases. After selecting the surface, by clicking extract button the extraction of
this surface is done, enabling simulation to be performed by considering it as the mid surface.
This process is not unique to AutoForm but is common in many simulation software employ-
ing FEA. It involves simulating based on a mid surface and extrapolating the information
to replicate the 3D model on either side. This understanding is valuable as the subsequent
section discussing about strength analysis, utilize a similar approach.

Figure 4.2: Selection of Surface

After extracting the surface, it is necessary to provide information on tipping in the Tip
tab, as depicted in Figure 4.3, as we progress further in the process. Tipping [15] involves
de�ning the coordinate system of the stamping press and establishing the relationship be-
tween the part's coordinate system and the stamping press coordinate system. During the
stamping process, the sheet metal undergoes shaping and deformation to match the contours
of the forming tool or die. However, depending on factors such as part geometry, material
properties, and process parameters, there may be situations where the formed part is not fully
supported by the tooling. To prevent this, the part's geometry can be adjusted by tipping it to
the most favorable pressing angle. Exceeding a certain tipping threshold can result in defects
such as wrinkles, localized thinning, or even complete failure of the forming process. There-
fore, it is crucial to �ne-tune various variables in any software used for stamping simulation
to achieve optimal results.Having veri�ed with experienced stamping process personnel who
is also an avid user of AutoForm, AutoForm's Automatic Tipping option is highly accurate
in this regard, providing precise adjustments to optimize the part for subsequent processes.
When performing tipping in the software, it also provides visual information on the back-
draft for the CAD part. This information proves to be highly valuable in determining which
features should be included in the stamping process versus the secondary manufacturing
process.

Subsequently, after providing the material information, the Form check analysis is con-
ducted using the Formchk tab. Within this tab, there are three different stamping options
available to choose from. However, for the purpose of this thesis, only the Draw Parts option
is selected to develop the method. Upon completing the simulation, visual information re-
garding the thinning at various areas of the part becomes available. As this is a Finite Element
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4.2. Development

Figure 4.3: Tipping Option

Analysis (FEA) [14], these results of thickness for each FEA element can be exported in nu-
merical form. These numerical results are useful for validating the manufacturability of the
part and can further facilitate the transfer of manufacturing knowledge to other functional
simulations. Additionally, the Form check analysis provides visual data for the analysis of
the blank shape. This can be understood from the example as show in Figure 4.4, the initial
design displays a minimal bend that poses challenges for manufacturing. However, in Fig-
ure 4.5, we observe a slight elongation of the bend, resulting in a blank formation that avoids
any overlapping. This modi�cation enhances the manufacturability of the design. This way
the blank analysis information helps in identifying the vulnerable geometrical features of the
part that may impact the manufacturing process.

Figure 4.4: Blank Analysis-Problem

4.2.2 Formability Index

The output data obtained from the simulation comprises a comprehensive collection of ele-
mental thickness values. In order to assess the manufacturability of the sheet metal CAD part
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