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ABSTRACT

Aim of the present thesis is to study the process of Reverse Engineering of precision forging die
for the production of a workpiece with non-conventional geometry as defined by modern

engineering practices.

Reverse Engineering (RE) is an integrated technological methodology which aims to extract design
information from a physical object in order to reproduce it in digital 3D form within a computing
environment. In this thesis the RE is applied in order to extract the necessary technical data
describing the Cam plate piece, which is a diesel engine part, with the ultimate aim of designing a

precision forging die for its production.

Due to the non-conventional geometry of the Cam plate piece, the design of a simple forging die
could not satisfy the conditions for the successful forging of the piece. Hence, the design of two
precision forging dies, which form the piece with two different forging processes, was studied. The
first die can be used for a single-step forging process, while the second die can be used for three-
step forging. The two processes have different advantages and disadvantages. Based on the
results of the simulations that were studied, both dies can form the Cam plate piece, satisfying its

qualitative and functional requirements.

In the first part (Chapters 1-4) the theoretical background of the present thesis is presented. In the
first chapter the process of forging is described. In particular, the forging is categorized based on
the process temperature and the configuration of the dies. Furthermore, the design parameters of
the forging dies and the conditions for the successful implementation of precision closed-die
forging are described. In the second chapter the process of reverse engineering is analyzed and
in this context the application fields, the phases and the flow chart of this process are developed.
In the third chapter the process of the three-dimensional scanning is described and the main
techniques of this process are presented. In the fourth chapter the use and operation of the cam
plate piece, on which the inverse mechanical design was applied, are described. Moreover, the
software packages "MeshLab", "SolidWorks" and "Simufact.forming”, which were used in the

present thesis, are presented in detail.

In the second part (Chapters 5-8) of the thesis the application of reverse engineering on the cam
plate part is presented. Specifically, in the fifth chapter the experimental procedure applied for the
acquisition of geometrical data of the workpiece with the technique of structured light 3D-scanning
as well as the subsequent processing of the data in MeshLab software are described. Moreover,
in the fifth chapter the steps for the modeling of the workpiece and for the design of the die in
Solidworks (CAD program) are presented. In the sixth chapter two cases of a precision forging die

are studied. Both dies were designed for the forming of cam plate piece. The first die was designed

\Y,



in order to complete the forging process in one step, while the second die was designed so that
the forging is carried out in three forming steps. In the seventh chapter the simulation of the forging
of the workpiece was conducted using the software Simufact (CAE) for both of the dies that were
designed. Specifically, the settings that were defined in the program and the results of the
simulations are described. In the eighth chapter the main observations and conclusions of the

present thesis are presented.

Finally, the material properties the technical drawings for the cam plate piece, for the workpiece
and for the parts that constitute the dies are presented in the annexes. The bibliographical

references which were used in this thesis are also listed in the annexes.

VI
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7 Control collar, 8 Distributor-head flange. 9 Delivery-valve holder, 10 Plunger-return spring,

4...8 Distributor head. 3
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|5 MeshPrepWizara
W ¥ SN
Welcome ]

Welcome to the mesh
preparation wizard, To start,
select the mesh/point cloud that
you would like to prepare or
cleanup.

Mumber of points: 30239

Mesh/Cloud/File

H

Point Cloudl

-9 Part2 (Default<<Defaults ..

=% Mesh Prep Wizard 'Jl |ﬁn|eshr.qmiz-d 7 = Mesh Prep Wizard ?
« R @] ¥ R @ e ¥ K 9 e e
Point Cloud Orientation =~ MNoise Remowal ] Extra Data Ren il =~

Use the options below to
position and rotate the
mesh/point cloud.

Orientation Method

b3

@ None
() Automatic
() Select references

() Numeric input

2

3

Optionally set the amount of
noise removal desired. Verify the
results in the graphics area.

Original Point Cloud Size:
30289

Final Point Cloud Size:
30289

Remove Noise

b

Distance Between Points:

U

Use the selection tools to select
any extraneous mesh/point cloud
data and hit Delete button.

b3

Selection Tools
Dmlow selection depth
adjustment

Delete

4

Ecee W5 BUY {140 3 U cddestf Prep Wizardd (Solidworks)
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i} Mesh Prep Wizard %" 7 Mesh Prep Wizard 7/ | Mesh Prep Wizard 2
v X @ e v X9 @O ¥ % @ e

Simplification ~

Smoothing 2 Fill Holes R
select the amount of point cloud Use the global smaoothing slider All holes are automatically
simplification you would like by to set the overall smoothness. detected to be filled. Large haoles
setting the reduction percentage Use the selection taols to select will be listed in the list box.
or target point cloud size. You and smooth local regions, Deselect the haoles that you do
can also select the sampling Visually inspect the mesh in the not want to fill.

technigue which will be used for
the simplification.

graphics area to verify the results,

Holes to Fill #
COriginal Point Cloud Size: Global Smoothness R
Haole <1=
30289 _
Final Point Cloud 5ize: U Hole <2>
30239 Hole <3»
Haole <4=
Global Simplification A | Local Smoothness A Hale <5
Reduction amount [3&): Hole <&
et Hole <7=
o = DAIIow selection depth Hole <&>
adjustment
Target point cloud size:

30289 - 6 7

@ Random

() Curvature
) Uniform
() Hybrid

Optimize mesh with thin
D 4

thickness

=% Mesh Prep Wizard 7
& R @ e
Mesh Completion =
The mesh preparation is
complete, Select the option

below and press OK or MNext to
launch the Surface Wizard.

Options
Launch Surface Wizard 14

8

]

Zcee 6 BUY 058 Us Uedesy Prep Wizardd (Solidworks)
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[Ssurtacewia ]

Welcome to the Surface Wizard.
To Start, select the mesh that you
would like to convert into a solid
or surfaces.

Mumber of Faces: 607656

[Meshi

1

[SsurtaceWizara -]
v % @ e

To automatically create a solid
from the mesh, select "Automatic
creation”, To better control the
shapes of the faces, choose
“Guided creation”,

(") Automatic creation

@ Guided creation

2

W ¥ 5 €]

Individual sub-meshes are
identified by colors. Adjust the
sensitivity slider to obtain the
desired sub-mesh separation,
this can be improved later.

Click Apply to create the
individual sub-meshes.

Sensitivity:

-
9]

[ Apply ] [ Cancel l

Paint calor:

. f [Ple»v C-:Iorj

Paint tools:

g 3

¥ R 5 @

To refine the sub-meshes, select a
sub-mesh and repeat Automatic
Painting or use the Manual
Painting tools to join or separate
sub-meshes,

Sensitivity:

Select individual regions in the
graphics area to extract their

faces OR click "Extract All Faces”
to convert all regions into faces.

Regions unspecified: 12
Faces extracted: 0

Select individual regions in the
graphics area to extract their

faces OR dlick "Extract All Faces”™
to convert all regions into faces.

Regions unspecified: 2
Faces extracted: 10

Extract All Faces

I Apply | | Cancel |

Paint colon:

W S [newcotor]

Paint tools:

] ©

4

5

Extract Remaining
Faces

[Facesettngs 4]
v/ol

Slens]®]

Feeel8: BUYUosa) (1U0(d dsStradd eizazdd (Solidworks)
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[ surface Wizard

‘cf*?\i

¢ R

Surface Extraction

@ of

A

complete the model o

face shape/settings.

All faces specified.Select "Mext"to

individual faces to change the

T select ‘

Radius:

16.314mm

Face Settings A !
=@vefe |
FlAaEle]

Delete Surface

7

[ Surface Wizard

7]

¥ R

<15

Model Completion

A

The base model is complete, Use
tools such as Trim, Knit, and

Thicken to turn the surfaces into
a solid. Then add fillets, rounds,
and chamfers to your model. 8
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