y,. 4 Mathematical Modelling of Engineering Problems

M/ %

N I L I A International Iafermarion sad
Engineering Technology Asseclation

Vol. 11, No. 5, May, 2024, pp. 1245-1256

Journal homepage: http://iieta.org/journals/mmep

Design and Analysis of Compound Die to Produce L-Shape Product with 3 Holes N

Ahmad Jundi™¥, Yaser Alaiwi

Check for
updates

Department of Mechanical Engineering, Altinbas University, Istanbul 34217, Turkey

Corresponding Author Email: 213723497 @ogr.altinbas.edu.tr

Copyright: ©2024 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license

(http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.18280/mmep.110513

ABSTRACT

Received: 30 December 2023
Revised: 22 February 2024
Accepted: 1 March 2024
Available online: 30 May 2024

Keywords:
sheet metal, compound die, finite element
method, product

This study focuses on the design and analysis of a compound die, essential in sheet
metal processing. A product from the market, defined by specific dimensions, is
selected for a detailed representation in SOLIDWORKS. The design of the die, guided
by mathematical modeling, aims to optimize the thickness of each component,
considering the impact of cutting forces. Executed in SOLIDWORKS, the design is
then subjected to a comprehensive structural analysis using ANSYS Workbench. This
phase evaluates stress levels, deformations, and safety factors. A critical element of this
research is the comparison between AISI D2 and AISI O1 tool steels, assessing their
effectiveness in die construction. Specifically, the analysis focuses on the Piercing

Punch and Blanking Punch within the die, examining their performance under
operational conditions.

1. INTRODUCTION

Sheet metal is a key material in industrial manufacturing due
to its wide range of applications. It's used in everything from
basic building structures to complex parts like airplane
components. This paper explores the various types of sheet
metal, each with unique properties making them suitable for
different industrial uses. These metals are typically iron based,
mixed with elements like copper or chromium, to meet specific
industry needs. For example, stainless steel is often used where
rust resistance is crucial, and aluminum is preferred for its
lightweight in applications were reducing weight matters. In
the automotive industry, sheet metal is crucial for making car
bodies and frames, showcasing its versatility. Its use extends to
construction, where it serves both functional and decorative
purposes. Sheet metal's flexibility is also evident in the
production of household appliances and electronics. In the
medical field, it's important for making tools that are safe and
easy to clean [1].

Employing compound die technology in the design and
fabrication phases directly tackles prevalent issues in sheet
metal processing. By facilitating multiple cutting actions like
piercing, blanking, and drawing within a single station and
press cycle, compound dies streamline production, markedly
diminishing the time and expense linked to manufacturing
intricate components. The capability to fabricate an L-shaped
object with three perforations in one cycle illustrates the
system's operational efficiency and precision. This efficiency
not only showcases a significant advancement in mechanical
accuracy but also aligns with the industrial demand for more
effective, cost-efficient, and high-quality production methods.
For instance, the ability to produce an L-shaped product with
three holes in one press cycle exemplifies the efficiency and
precision that compound dies bring to metal fabrication. This
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not only demonstrates a substantial leap in mechanical
accuracy but also highlights the method's effectiveness in
tackling the intricate demands of sheet metal processing. Such
a techniqgue minimizes material waste and optimizes
production time, directly addressing the industry's call for
more efficient, cost-effective, and high-quality manufacturing
solutions.

Despite advancements in sheet metal processing,
manufacturing complex parts, such as those involving multiple
cuts and features, presents specific challenges. This research
showcases an advanced compound die technology for
efficiently producing a component have L shape with three
holes, a design that demands precise execution, especially
considering its complexity and the precision required for each
of the four cuts.

Facing these challenges head-on, this study seeks to fill the
knowledge gap in employing cutting techniques for intricate
designs, aiming to enhance the efficiency and precision of
sheet metal processing. By investigating the best practices for
utilizing compound dies in such applications, this research
contributes innovative solutions that respond to the industrial
need for more efficient, cost-effective, and high-quality
manufacturing methods.

This research aims to significantly enhance sheet metal
processing through the advanced use of compound die
technology, an essential tool for executing multiple operations
with high efficiency and precision. The study focuses on the
design aspects of compound dies, emphasizing the importance
of accurate design to meet the rigorous demands of metal
fabrication. It critically examines the impact of AISI D2 and
AISI O1 tool steels on die performance and durability,
providing key insights for improving sheet metal fabrication
techniques. This investigation is crucial for developing more
efficient and innovative manufacturing methods.
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Figure 1 below shows the metal-forming process in general.
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Figure 1. Sheet metal forming using simple die [1]

2. LITERATURE REVIEW

Recent advancements in the field of compound die design
have demonstrated significant improvements in both
efficiency and cost-effectiveness. A notable study successfully
integrated compound and progressive dies within a single
framework for the fabrication of U-shaped components,
resulting in marked improvements in both the quality and
efficiency of production [2]. Additionally, another research
initiative led to the development of a compound die that
effectively combines cutting, drawing, and trimming
operations, thereby reducing overall costs, and enhancing
operational efficiency [3]. In a groundbreaking development,
a study introduced a system capable of automatically
remodeling the cutting components of compound washer dies,

leveraging the capabilities of CATIA V5 software modules [4].

This research underscores the growing relevance of Artificial
Neural Networks (ANN) and Finite Element Method (FEM)
in predicting the lifespan of compound dies, representing a
significant advancement in die design technology [5]. The
application of Computer-Aided Design (CAD) in the
development of a compound die for Downlight housing
fabrication is also noteworthy. The outcomes of this approach
were closely aligned with those of manual processes,
highlighting the accuracy and speed afforded by CAD
technologies [6]. In a similar vein, the design of a compound
dies for the cutting blades of Nonactive Rotary Paddy Weeders
resulted in a substantial reduction of production time by 73%
and increased productivity by 40% [7]. Focusing on industrial
sheet metal components, a compound die was engineered with
precise calculations executed through CATIA V5 software,
leading to a decrease in both die size and manufacturing
expenses [8]. Another significant study detailed the design
process of a compound die for manufacturing a hexagonal
washer for a Standard M15 bolt, with a particular emphasis on
the criticality of measurement accuracy [9]. Lastly, research
dedicated to the design of a compound die for the
manufacturing of car cable transmission parts, as well as the
application of Finite Element Analysis (FEA) in optimizing
the die during piercing and cutting stages, illustrates the
continuous innovation in this sector. These studies collectively
highlight the escalating significance of technological
integration and meticulous analysis in the evolution of
compound die manufacturing [10].

In the presented research, a significant gap in compound die
technology has been addressed through the development of a
comprehensive compound die system. This system is designed
to perform multiple cutting operations on materials exceeding
5mm in thickness, a capability not extensively explored in
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prior studies. The innovation lies in the integration of design,
simulation, and material analysis from the initial stages,
utilizing SolidWorks and simulation tools for a holistic
approach. The performance and stress impacts on cutting tools,
particularly piercing and blanking punches, are evaluated
across different materials, filling a notable void in existing
literature that has largely neglected the interplay between
material thickness, choice, and engineering design in
compound die manufacturing for robust applications.

A meticulous approach was adopted to construct a die that
combines four cutting operations in a single stroke, surpassing
traditional limitations by examining how variations in
material—especially AISI D2 and AISI O1 tool steels—
influence the efficiency and durability of the dies. This
analysis not only highlights the potential for enhanced
operational efficiency and cost reduction but also pushes the
manufacturing industry towards the adoption of more
advanced, precise, and durable compound die systems.
Consequently, the study contributes significantly to the
optimization of compound dies for the manufacturing of
complex and heavy components, marking an important
advancement in the academic and practical realms of
manufacturing engineering.

3. METHODOLOGY

In this section, a specific and famous used product will be
selected to design the compound die and do a study on it. This
product is a joint plate containing 3 holes as in Figure 2.

The joint plate, which was selected for the study, is
recognized for its crucial role across a wide range of industrial
applications, necessitating high levels of manufacturing
precision and durability. Traditionally, the fabrication of such
plates has been characterized by the necessity for multiple
steps and workstations, often involving up to four strokes
across various dies, which has led to increases in both
production time and costs. Conversely, through the research
conducted, an innovative solution has been proposed,
involving the development of a compound die that can
manufacture the joint plate in a single stroke. This advanced
method has significantly reduced the need for multiple
workstations and iterative processes, thereby not only
diminishing the time and effort required for production but
also substantially enhancing both efficiency and accuracy. The
introduction of a cost-effective alternative to address the
conventional challenges associated with the fabrication of the
joint plate, by the deployment of the compound die, has been
seen as a critical advancement in manufacturing processes,
contributing substantially to the field of manufacturing
engineering.

Figure 2. Stainless steel L-shape bracket plate with 3 holes
[11]



3.1 Product specifications and model

These fittings are available in various sizes and materials to
cater to different requirements. L-shaped brackets are used in
combination with channel nuts and bolts to create a robust
connection, eliminating the need for welding. Once installed,
they form a durable union that provides strength and stability
to the overall structure. These fittings are designed to
seamlessly integrate with Unistrut channels, ensuring a secure
and reliable assembly [11]. Through research, the dimensions
of such products are 80>80 or 86>86 or 90>90. As for the
thickness, it ranges between 5 or 6 mm and usually these
products are manufactured from 316 stainless steel or hot
dipped galvanized [11]. The material chosen for the sheet
metal (product) to be cut is 316 stainless steel and its
dimension in Figure 3.

Figure 3. Product drawing that clarifies all dimensions
3.2 Compound die design for the product

3.2.1 Forces, energy, and other sheet parameters calculations

From the shape of the product, as it was clarified, the
compound template must perform two operations, the first is
blinking to cut the outer shape (L shape), and the second is
piercing to cut the 3 holes. The two cutting forces (Blanking
force) and (piercing force) can be calculated from the
equations below [12]:

Fg =S XtXLg 1)

L: Tt is the perimeter of the cutting region.
t: The thickness of the product.
S: The shear Strength of the product.

By using Eq. (1):

Lg; =80+ 40+ 40+ 40+ 40 + 80 = 320 mm
Lyr =2 X1 X7 =4398 mm.
S = 0.6X Syitamite of atmnium = 0.6 X 550 = 330 Mpa.

The value of Syitamite of aimnium is from the following
reference [13]. So, the blanking force will be:

Fg = 330 X 6 X 320 = 633.600 kN

And the total pricing force will be:
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Fpr =3 X (SXtXLy) )
E,. =3 X (330 X 6 X 43.98) = 261.21 kN
The total cutting force:

Frotal cutting = Fg; + Fpr = 894.81 kN

For the clearance it could be calculated by equation below
[12]:

c=0.0032xtxVS (3)
¢ =0.0032 X 6 x /330 = 0.07 mm

So, the length and width of the blanking punch face and hole
die diameter can calculate using equations below [11]:

Ly, = Length of product face —2 X ¢ 4)
Ly; =80—2x0.07 =79.86 mm

wy,; = width of productface —2 X ¢ ()
wy; =80 —2x0.07 =79.86 mm

Hole die diameter = D, + 2 X ¢ (6)

Hole die diameter = 14+ 2 x 0.07 = 14.14 mm

The stripping force was calculated using the equation below
and was taken as 10% of the value of the total cutting force
[14].

Foe = (5% — 20%) X Frotm cutting (7

Fy = 10% x 894.81 = 89.581 kN
So, the total force or total press capacity of the die will be:
Total Press Capacity = 894.81 4+ 89.481 = 984.291 kN

984.291

W = 100.33 Tons

In Tons:

For cutting energy and deformation work the two equations
below will use [15, 16]:

E =10 X Froq cutting X Dgq (8)
where,

E: Total cutting energy, kJ.

Dg4: Sheard depth or sheet metal thickness, mm.

E =10 x894.81 x 6 = 53.69 kJ

where,
K: Coefficient deepens on sheet metal thickness and shear
strength of the material.
F: Deformation force (or total cutting force), N.
T: Sheet metal thickness, mm.

The value of K it is dependent on the material thickness and
shear strength value and can found from the table in the



following reference [16].

W=KXFXT 9

W =0.35x894.81 x 6 = 1879.101 kN.mm

3.2.2 Punches design

After cutting forces calculations, the first step when
designing a punch is to know the maximum length of the
piercing punch by the below equation [17]:

Exd
SXt

nXxd
8

(10)

meax =

The modulus of elasticity (£) of 316 stainless steel is 193
Gpa [13]. So, the maximum length of the piercing punch is:

193xX1000%x14
X = 203.09 mm.
\I 330%6

The length of piecing punch should not exceed the above
value so, the selected length of the piecing punch is 84 mm,
because in these types of applications depending on the sheet
metal thickness the length is between 50 to 125 mm [15].

The buckling force on the piecing punch could be calculate
be equation below [18]:

TX14

L =
pmax 8

_2XTXE Xy

- (11)

Foy

where,

l: Length of punch, mm.

E: Modulus of elasticity, Mpa.

Imin: Minimal moment of inertia, m2.

X d*

7 (12)

min =

_ mx14*
T 64

=1885.75 mm*

Imin
so, the critical force will be:

_ 72 x 193 x 1000 X 1885.75

= yRRYE = 127.27 kN

The force on each piercing punch is % =87.07kN < F,,,

so there is no buckling occur on piercing punch.

For length of blanking die it is selected depending on the
assembly and geometry length (98.5 mm) and take another out
of profile clearance which is 5 mm to fixed blanking punch in
lower holder plate.

The maximum compressive stress on punch could calculate
by the following equation [14]:

_ Fpunch <
Ocomp = A

(13)

punch

where,

Ocomp: The maximum compressive stress on punch, Mpa.

0: Maximum stress can punch withstand it before deformation,
Mpa.
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Fpyncnt Punching force, N.
Apuncn: Cross section area of punch, mm?>.
For piecing punch:

87.08 x 1000
Ucomp = W = 565.82 Mpa
%
For blanking punch:
633.6 X 1000
Ucomp = W = 80.547 Mpa

3.2.3 Die block or blanking die design

For the sake of more accuracy and to avoid any problems
during the cutting process, the profile in Figure 4 was chosen,
and this means that there is a number of parameters that must
be calculated, such as (e, A, and B) and these parameters
depend on total thickness (H) of die block.

Figure 4. Die block dimensions after a small clearance was
add [15]

So, the equation to calculate thickness of die block (H) is
[15]:

H=(10+5%xt+07%x,a+b+a,+b))Xc

where:
a,: Related to the length of Sheet metal or workpiece.
b;: Related to the width of Sheet metal or workpiece.
a: Related to the little clearance of the length of sheet metal or
workpiece.
b: Related to the little clearance of the width of sheet metal or
workpiece.
Data:
a, = 80mm, b; = 80 mm, a =90 mm; b = 80 mm,
T=6 mm; ¢ = 0.9 from the following reference [18]:

(14)

H=(10+5%6+0.7x+v/90+90 + 80+ 80) x 0.9 =
47.6 mm = 48 mm.

The below equation uses to calculate the e value which is
the wall thickness as shown in the Figure 4 [18]:

e=(10t012) + 0.8 x H (15)



e =10+ 0.8 X 48 = 48.4 mm

To find the total length (A) and width (B) of die block the
equations below are used [18].

A=a +2Xe (16)
A =80+2x%x484 =177 = 180 mm
B =b +2Xe a7

B =80+2x484 =177 = 180 mm

The total length (4) and width (B) of other parts of die is
the same of total length and width of blanking die, except the
upper and lower base plate.

The calculation of the maximum stress on the die block is
done using the equation below [18, 19]:

Fbl

Oap = 73— < Oabmax
db

(18)

633.6 X 1000 _ 633600
180 x 48 = 8640

Oap = = 73.34 Mpa

3.2.4 Stripper plate design

Since the total thickness of the die block or plinking die
block has been calculated, it is possible to calculate the
thickness of the stripper plate from equation below [17]:

tser = 0.5 X H (19)
teer = 0.5 X 48 = 24 mm

The stress on stripper plate can calculate by using below
equation [20]:

F.
Ost = Tm: force < Ostr max (20)
st
984.291 x 1000
Oy = ———————— = 227.84 Mpa

24 x 180

Deflection of movement stripper plate could calculate using
the following equation [17]:

YVstripper = t+2mm

@n
Ys¢ = 6+ 2 mm = 8 mm

Some dimensions such as 17 mm and 23.85 mm as in the
stripper plate are related to the screws and springs and it will
be clarified in the coming analysis.

3.2.5 Blank holder
The design of this piece depends on the rest of the parts and
the requirements of shape and design.

3.2.6 Upper and lower holder plate
The thickness of these two parts is equal and can be
calculated by the equation below [8]:

Thl)ld = 075 X H (22)
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ThOld = 075 X 48 = 36 mm.

3.2.7 Backup or backing plate design

Thicknesses are usually chosen between 6 and 12 mm. And
sometimes it reaches 15, especially for applications where the
thickness of the product is more than 5 mm [21].

3.2.8 Top base and bottom base plates design

These two plates are the thickest two parts in the die. The
thickness of the top and bottom plates is calculated from the
equations below.

Tyop = 1.25 X H (23)
Tyop = 1.25 X 48 = 60 mm
Toorcom = 1.75 X H (24)

Tpottom = 1.75 X 48 = 84 mm
The stress value on the top and bottom plate can be
calculated using the equations below, knowing that the top and

bottom plate are affected by 80% of the total cutting force [19].

0.8 x FTotal cutting

(25)

Otop or bottom = A, it
op or bottom

0.8 x 894.84 x 1000

50 X 280 =42.61 Mpa
0.8 x 894.84 x 1000
84 x 280

Utop =

= 30.44 Mpa

Opottom —

3.2.9 Spring design

Four springs will be used in this research, which is the most
common number. In the beginning, the maximum force acting
on the spring must be calculated, and this is done using
equation below [17].

Fst

>15X—
L

Fspring,max =

(26)

89.481
Fspring,max >15x 2 Fspring,max > 33.55 kN

Using equation below the maximum deflection on the
spring can be calculated [17]:

YVspringmax = (3to4) Xy (27)

YVspringmax = 4 X8 =32mm

The minimum clearance C ,,;,, between the spring and its

cavity (screw) must be calculated by equation below [22]:
C min = 0.05 X Dycrey (28)

The wire diameter (d) that selected for this compressive
spring is 3 mm.

Total number of coil (N;) is 11.5 turn.

Knowing that the diameter of the screw in which the spring
will be is 17 mm so, the minimum clearance C,;,:

C min = 0.05 x 17 = 0.85 mm



The inner diameter of spring can calculate by equation
below [23]:

ID = Dscrew + Cmin (29)
ID =17 + 0.85 = 17.85 mm

For outer and mean diameter, the equations below can use
[24].

OD=ID+ 2xd (30)

where,
d: The wire diameter, mm

0D =17.85+ 2 x 3 = 23.85mm
D, =0D—d 31)

where,
D,,,: Mean diameter of spring, mm.

D,, = 23.85 -3 = 20.85 mm
Because the type of spring end here is Squared and Closed,
the solid length (I )of the spring which is the length of the
spring when its loaded can calculate by equation below [23]:

I, = d X(N,) (32)

where,
d: Wire diameter

p—

(a)

(c)

N,: Total colis
Iy, =3x11.5 = 34.5 mm.

The total length of the compressive spring is calculated by
the equation below:

lo = yspring,max + ls (33)
l, = 34.5 + 32 = 66.5 mm

One of the most important things is also to make sure that
the full length of the spring will not cause buckling to happen
to it, and the equation below is used to make sure of this [23].

D
l, < 2.63 X 7’" (34)

where,
a: End-Condition Constants

The value of the a can get from the following reference [24].
Because of the two ends are fixed the value of a is 0.5. So,

665<263x20'85
: ' 0.5

66.5 < 109.671

So, the calculating length of the compressive spring is safe.
Figures 5 to 8 show all the compound die parts after being
drawn by SOLIDWORKS software with all the dimensions.

(b)

Figure 5. Compound die parts: (a) Piercing punch, (b) Blanking punch, (c) Blanking die
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(a) (b)

(c)

Figure 6. (2) Stripper plate, (b) Blank holder, (c) Lower holder plate
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Figure 7. (2) Upper holder plate, (b) Backup plate, (c) Bottom base plate
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Figure 8. (a) Base plate, (b) Compressive spring
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Blanking Punch
Screw

SPRING

Guide Bush
STRIPPER plate
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Blank Holder

Blanking Die 1
block

Upper Punch 1
Plate

Backup plate 1

Blanking Punch 1
Holder

Upper Plate ( 1
Punch Holder)

Shank 1
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Knock-Out Rod
Piercing Punch
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Figure 9. Bill of material of compound die after assembly

Figure 9 shows the full compound die after assembly. After
completion of the necessary calculations for each component
of the die tailored to the design requirements of the specific
item intended for production, the parts were subsequently
illustrated after being meticulously designed in SolidWorks,
accurately reflecting the dimensions derived from these
calculations. The accompanying images provide a
comprehensive depiction of the components, elucidating the
assembly method employed. To prevent any potential issues
during the manufacturing phase, a thorough review of all
relevant factors was conducted. Consequently, the clearance
calculations, deemed essential for the design's success, were
carefully executed and incorporated into the SolidWorks
design stage. The images below are set to demonstrate this
process in detail. This methodical strategy ensures that the
design is not only aligned with theoretical expectations but is
also practically applicable, facilitating a smooth transition to
the manufacturing stage. The process underscores a careful
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balance between precision in design and the practicalities of
manufacturing, aiming to deliver a product that meets both
design and operational criteria without complications.

3.3 Analysis and simulations using ANSYS workbench

In this section, the use of ANSYS software for the analysis
of stresses, deformation, and the calculation of safety factors
among other parameters will be discussed. This analysis will
focus on key components of the die, such as the piercing punch
and blanking punch. These components are typically
manufactured from the same material to ensure they can
withstand various cutting forces and maintain structural
integrity during operations. For the simulations, two different
materials commonly used in the manufacturing of punches and
dies will be compared: AIST O1 (Oil-hardening) Tool Steel
and AISI D2 Cold Work Tool Steel. The properties of each
material are detailed in Table 1 and Table 2. The objective of



this comparison is to ascertain the compatibility of these
materials with the manufacturing process of the product and to
provide a comparative analysis between them.

Table 1. AISI D2 steel mechanical properties [24, 25]

Properties Value

Density (kg/m?3) 7670

Modulus of Elasticity (Gpa) 190
Poisson’s Ratio 0.28

Tensile Strength, Yield (Mpa) 1510
Tensile Strength, Ultimate (Mpa) 2000
Compressive Strength, Yield (Mpa) 1650

Table 2. AISI Ol steel mechanical properties [26, 27]

Properties Value
Density (kg/m?3) 7830
Modulus of Elasticity (Gpa) 190
Poisson’s Ratio 0.29
Tensile Strength, Yield (Mpa) 1500
Tensile Strength, Ultimate (Mpa) 1690
Compressive Strength, Yield (Mpa) 1350

The type of analysis that will be conducted is the Fatigue

Failure analysis by adding fatigue tool in ANSYS, because the
components perform many operations per minute. Such
products are manufactured hundreds or thousands of them
daily. This means that the forces affecting the punches will
change from zero to the maximum force (which is the cutting
force).

4. RESULTS AND DISCUSSION

In addition to the theoretical results that were reached
previously, in this section the results obtained from the
ANSYS software will be reviewed on the parts that were
simulated using the 2 different materials, where the results of
maximum stress and maximum deformation will be reviewed,
as well as the safety factor.

4.1 Results when the material is AISI D2

4.1.1 Piercing punch

Figure 10 below shows the maximum stress and
deformation for piercing punch in this case. Figure 11 shows
the safety factor.

The factor of safety is 2.65 (safe because it is larger than 1).

()

(b)

Figure 10. Results for a piercing punch made of AISI D2: (a) Maximum stress, (b) Total deformation

Figure 11. Safety factor of piercing punch made of AISI D2
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Figure 12. Blanking punch made of AISI D2 results: (a)
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Figure 13. Safety factor of blanking punch made of AISI D2

4.1.2 Blanking punch
Figure 12 shows the maximum stress and deformation for
blanking punch in this case. Figure 13 shows the safety factor.
The factor of safety is 7.506 (safe because it is larger than
1).

4.2 Results when the material is AISI O1
4.2.1 Piercing punch

As for the maximum stress (Von-mises), it will be reviewed
in each part only once, because it is not affected by the type of

material, but rather by the force and the area of the cross-
section that affect it. Therefore, each part will have the same
stress on the 2 materials. Figures 14 and 15 below show the
total deformation and safety factor for this case.

Figure 14. Total deformation of piercing punch made of
AlSI 01
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P
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w
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e

Figure 15. Safety factor of piercing punch made of AlISI O1

The factor of safety is 2.65 (safe because it is larger than 1).
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Figure 16. Total deformation of blanking punch made of
AlSI 01



Figure 17. Safety factor of blanking punch made of AISI O1

4.2.2 Blanking punch

Figures 16 and 17 show the total deformation and safety
factor for this case.

The factor of safety is 6.54 (safe because it is larger than 1).

In the comparative analysis of AISI D2 and O1 materials for
piercing and blanking punches, critical performance metrics
such as stress response, deformation, and safety factor were
examined. AISI D2 exhibited a maximum stress of 568.77
MPa and a deformation of 0.177 mm for the piercing punch,
demonstrating substantial resistance to operational forces. For
the blanking punch, it showed a stress of 22.967 MPa and a
deformation of 0.075 mm, reinforcing its suitability. In
contrast, O1 mirrored D2 in deformation but maintained
consistent stress values for both punches, indicating material
choice does not significantly affect maximum stress under the
tested conditions. The safety factor for D2 slightly exceeded
that of O1, with 2.65 for the piercing punch and 7.50 for the
blanking punch, compared to 2.64 and 6.54 for O1,
respectively. This suggests a marginal superiority of AISI D2
in terms of reliability and durability under the given
parameters.

5. CONCLUSIONS

In conclusion, this study has highlighted the crucial role that
modeling, and simulation play in metal forming, with a focus
on the design of compound dies for sheet metal processing.
The utilization of Computer-Aided Design (CAD) and
Computer-Aided Engineering (CAE) tools, specifically
SOLIDWORKS for modeling and ANSYS Workbench for
simulation, facilitated enhancements in design precision and
efficiency in manufacturing. The analysis of AISI D2 and AISI
01 tool steels guided the selection of materials, impacting cost
and durability considerations in the metal forming process.

It is recommended that the die, which has been designed,
simulated, and analytically assessed in this research, be

manufactured in the future to produce the specified component.

This step is advocated to validate the practical applicability of
the research findings, bridging the gap between theoretical
study and industrial application. The manufacturing of the
designed die and the production of the component with it are
expected to contribute significantly to the advancement of
mechanical engineering by demonstrating the feasibility and
effectiveness of the proposed solutions in real-world
manufacturing settings.
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