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 Using Aluminum 7075 at a high temperature of 50 degrees Celsius, this study examines 

the effect of various blank geometry angles on the mechanical properties of strain and 

stress during the deep drawing process. This study systematically examines the impact of 

different blank geometry angles on the deformation behavior, strain distribution, and 

stress concentration during the deep drawing process of Aluminum 7075 sheet using a 

numerical simulation approach. To describe the behavior of the material against the effect 

of the angle on the pressure in the simulation taking into account realistic parameters, the 

main point is the result of the pressure treatment of the predetermined angle on the results 

of the strains and stresses created. The obtained results, which include strain distribution, 

stress concentration, and overall mechanical reaction, provide important information for 

the choice of the best blank geometry angle in deep drawing of Aluminum 7075 at high 

temperatures. This research contributes to the advancement of process optimization in the 

metal forming industry, providing a solid foundation for improving efficiency and quality 

in deep drawing operations involving high-strength aluminum alloys. 
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1. INTRODUCTION 

Requirements for formatting figures: Before a figure, 

Deep drawing is a metal forming technique in which 

pressure is used to a flat sheet of material, usually metal, to 

create a three-dimensional shape[1], [2], [3]. The sheet is 

positioned over a die and bent into the required shape using 

a punch during the process. The material experiences 

plastic deformation as the punch lowers, stretching and 

taking on the shape of the die. Deep drawing is a common 

process in manufacturing that is used to create a wide range 

of products, including containers, home appliances, and 

automobile parts. It is an economical way to create intricate 

and seamless structures out of sheet metal[4], [5]. 

Maximizing productivity and minimizing errors are two 

important factors in the deep drawing process. Deep 

drawing technique is a very complicated, expensive, and 

frequently used manufacturing process in various 

industries[6], [7], [8]. Performing trial-and-error 

experiments on each product design before it is 

manufactured is one way to minimize errors, as deep 

drawing on products is unavoidable. This method wastes 

time, money and effort as it relies on individual expertise 

and experience. The manufacturing sector needs product 

design planning in the form of preliminary simulation to 

reduce losses due to design defects and eliminate product 

defects in the plate deep drawing process. One of the most 

used manufacturing techniques for creating a variety of 

goods across numerous industries is sheet metal 

forming[9], [10], [11], [12]. The deep sketching method is 

modified to produce products with the necessary shape 

without any failures. The study of the influence of the 

failures occurring in the deep drawing process of a circular 

cup using magnesium alloy is crucial to the ability to design 

a deep drawing product with the necessary blank material, 

size, shape, tool design, and lubrication choice. The study 

aims to estimate the LDR using variable BHF control and 

to comprehend the fracture mechanism of magnesium alloy 

sheet using FEM simulation. utilized numerical simulation 

technologies and the optimization approach in the sheet 

metal forming process to reduce design cycle time and 

enhance design quality. impacts of process factors utilizing 

both simulations and experiments on the formability of 

deep drawing of aluminum 7075[13]. 

One of the key methods in sheet metal forming, deep 

drawing, is crucial for forming materials into intricate 

shapes[14][15]. This study investigates the impact of blank 

geometry angle variation on the mechanical characteristics 

of strain and stress, specifically with relation to Aluminum 

7075 at a high temperature of 50 degrees Celsius, in an 

effort to better understand this important manufacturing 

process. For deep drawing processes to effectively optimize 

process parameters, choosing the ideal blank geometry 
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angle is essential. We investigated the deformation 

behavior, strain distribution, and stress patterns of 7075 

Aluminum sheet during the deep drawing process using a 

numerical simulation approach[16], [17], [18], [19], [20]. 

This study attempts to capture the temperature-dependent 

behavior of the material and provide a thorough 

understanding of the influence of blank geometry angles on 

the mechanical response of the material by taking into 

account realistic settings, such as a thermal environment at 

50 degrees Celsius[21][22]. It is expected that the findings 

of this study will make a substantial contribution to the field 

of metal forming by offering insightful information that 

will enhance the effectiveness and caliber of deep drawing 

processes utilizing high-strength aluminum alloys heated to 

high temperatures[23]. 

 

2. RESEARCH SIGNIFICANCE 

This research, Simulation of the effect of blank 

geometry on the mechanical properties of strains and stress 

in the deep drawing process using Aluminum 7075 is 

crucial for optimizing process parameters, enhancing 

formability, and improving material selection and design. 

This research helps in reducing costs and time, improving 

product quality, and aligning with sustainability goals by 

minimizing waste and energy consumption in 

manufacturing. 

 

3. RESEARCH METHODS 

3.1 Methods 

Process variables include blank temperature, punch 

radius, die arc radius, punch die clearance, punch speed, 

mechanical characteristics, sheet metal thickness, and 

component geometry all affect how formable the sheet 

blank is. aluminum's formability focused on the 

temperature's impact on deep drawn cup formation[16], 

[17], [24], [25]. A proper die radius minimizes material 

waste while simultaneously enabling smooth material flow. 

In a similar vein, material flow into the die cavity is 

improved by punch speed conditions. The degree to which 

various process parameters affect sheet metal forming 

determines the quality of the formed product. Punch speed 

influences metal flow into the die cavity in addition to 

blank temperature and die radius in the deep drawing 

process[8] 

 

 
Fig 1. Experimental Setup 

 

The present study used a simulation methodology to 

examine the effects of different angles of blank geometry 

on the mechanical properties of strains and stress during the 

deep drawing process of Aluminum 7075. In order to 

ensure accuracy and dependability, the study uses the 

DEFORM program to develop a numerical simulation 

model that is validated against established benchmarks. In 

order to depict a variety of configurations, blank geometry 

angles are methodically parameterized while taking known 

implications on the deep drawing process and industrial 

significance into account[26], [27]. To simulate real-world 

settings and accurately represent the temperature-

dependent behavior of Aluminum 7075 material, the 

simulation is run at an enhanced temperature of 50 degrees 

Celsius. The study involves executing multiple simulation 

runs with varying blank geometry angles. The collected 

data is then evaluated to comprehend the impact of these 

angle variations on strain distribution, stress concentration, 

and the material's overall mechanical reaction. The goal of 

the project is to optimize blank geometry angles in deep 

drawing procedures to improve quality and efficiency 

while providing useful insights and useful suggestions for 

industrial use[12], [28], [29]. The technique concludes with 

a summary of findings and recommendations for future 

research areas. It involves validation against experimental 

data and sensitivity analysis to ensure robustness. 

 

 
Fig 2. Bottom Die Geometry Variation 

 

To maximize formability is the aim of this inquiry. 

Thus, using simulation tests, an effort has been made to 

examine the impact of the aforementioned critical process 

parameters—blank temperature, die arc radius, and punch 

speed—on the formability of AA 7075 in this 

examination[21], [23]. This study employs a practical and 

simulation-based methodology to analyze the impact of 

blank angle on the deep drawing process through the usage 

of Deform3D software. The last tool for mimicking deep 

drawing in Deform3D software is the form of blank 

drawings at different angles. The process begins with the 

preparation of engineering drawings in STL file format. 

(C1, C5, C10 30°, C10 45°, C10 60°, R1, R5, and R10), 

mold, and workpiece. The three types of tools put together 

will be arranged in such a way and simulated in the 

Deform3D software by paying attention to the Deform3D 

simulation parameter settings as follows: 

a) Number of Elments  : 83516 

b) Material Temperature : 20°C 

c) Punch Speed  : 10 mm/sec. 

d) Inter Object (Deformation) : 0.5 

e) Step   : 200 

f) INC. to Save  : 1 

g) With Die Displacement : 0.25 mm 
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h) Blank Geometry  : C1, C5, C10 30°,  

C10 45°, C10 60° 

i) Workpiece Material  : Alumunium 7075 

j) Material Thickness  : 2 mm 

 

4.  RESULTS AND DISCUSSION 

Chamfer 1 mm tool blank result of load 

prediction,damage,strain effective,and stress effective.The 

following is a Deform3D simulation for Alumunium 7075, 

which examines the load generated by the punch load via 

graphs and looks at the outcomes of damage, stain, and 

stress absorbed by the workpiece. These are the outcomes 

of the simulation. 

 

 
Fig 3. Load prediction for punch of C1 blank of deep drawing process of 

alumunium 7075 

 

Important insights are revealed in step 82 of the deep 

drawing process of a chamfered 1 mm thick blank 

composed of aluminum 7075. The material shows 

significant degradation, measured at 5.87, which suggests 

localized necking or thinning. The greatest strain, 3.46 

mm/mm, indicates how much the aluminum was distorted 

throughout the procedure. Concurrently, the material 

experiences a critical point where its maximum effective 

stress approaches 360 MPa, highlighting the need to 

evaluate its resistance to applied pressures. Bending or 

folding is significant at this point because it is a critical 

stage in the process where the aluminum experiences 

patterns of deformation that could result in flaws or 

problems in the finished product. These results highlight 

how crucial it is to have a thorough grasp of the material's 

behavior at various points during the deep drawing process 

in order to make any necessary adjustments to improve the 

overall performance and quality of the aluminum 7075 

product. 

 

 
Fig 4. Damage, Strain, Stress for punch of C1 on step 82 stating fold 

blank of deep drawing process of alumunium 7075 
 

workpiece starts to tear, suggesting that the material may 

be vulnerable. The material then experiences severe stress 

at step 114, peaking at 371 MPa and exhibiting a 

corresponding strain of 4.80 mm/mm. Additionally, a 

maximum damage value of 6.27 is recorded in this stage, 

indicating a significant degree of deformation and possible 

failure. Step 115 is where things get really bad since the 

material starts to fray and shatter completely. The damage 

at this point is 5.88, indicating that the trend of deformation 

and damage is still present. While the maximum effective 

stress of 360 MPa indicates a significant level of material 

deformation, the maximum strain is 3.47 mm/mm. 

Together, these results point to crucial stages in the deep 

drawing process where the aluminum 7075 shows fragility, 

especially with regard to tearing and breaking. Process 

optimization and maintaining the integrity of the finished 

product depend on recognizing and resolving these 

problems. To address the issues that have been discovered 

and improve the overall performance of the deep drawing 

process for the aluminum blank in question, modifications 

to the material qualities or process parameters may be 

required. 

 

 
Fig 5. Damage, Strain, Stress for punch of C1 on step 115 after tearing 

blank of deep drawing process of alumunium 7075 
 

Chamfer 5 mm tool blank result of load prediction, damage, 

strain effective, and stress effective. The following is a 

Deform3D simulation for Alumunium 7075, which 

examines the load generated by the punch load via graphs 

and looks at the outcomes of damage, stain, and stress 



Journal of Evrimata: Engineering and Physics   

Vol. 01, No. 02, Desember, 2023, p.70 – 77  e-ISSN: 3025-1265 

73 
 

absorbed by the workpiece. These are the outcomes of the 

simulation. Figure 5 illustrates that in order for the punch 

tool to press 2 mm thick Alumunium 7075 material and 

reach the maximum yield strength phase, the material must 

harden within 0 seconds, requiring a load force of 70000 N. 

 

 
Fig 5. Load prediction for punch of C5 blank of deep drawing process of 

alumunium 7075 
 

A C5 mm chamfer on the blank and a 1 mm chamfer on 

the punch have been used in the deep drawing process of 

aluminum 7075. Important parts of the procedure are 

revealed by the collected outcomes. The damage parameter, 

which is 2.71, indicates the degree of material damage that 

occurs during deep drawing and includes things like tearing 

or cracking. In addition, a maximum strain of 5.48 mm/mm 

denotes significant deformation and raises the possibility of 

a material breakdown. The peak stress effectiveness at step 

88, which is 401 MPa, indicates the critical stress levels that 

the material is subjected to at that particular moment. The 

aluminum 7075 material notably bends or folds at step 88, 

marking a critical juncture in the process where the material 

may experience stress concentrations or instability. These 

results highlight the necessity of a detailed examination of 

the process parameters, tool design, and possible 

modifications to improve the final product. Optimizing the 

deep drawing process and minimizing flaws in the finished 

product require addressing the individual issues, such as the 

reason for bending or folding at step 88. 

 

 
Fig 6. Damage, Strain, Stress for punch of C5 on step 88 starting fold 

blank of deep drawing process of alumunium 7075 

 

A chamfered C5 mm thick aluminum 7075 blank was deep 

drawn, and during the process, important observations were 

made at particular stages that provided insight into the 

behavior of the material. The workpiece starts to shred at 

step 107, before a flaw occurs, exhibiting early indications 

of material fragility. At this point, the strain peaks at 6.99 

mm/mm, the maximum stress hits 429 MPa, and the 

damage is recorded at 3.45 all at once. These numbers 

indicate a significant degree of stress concentration and 

deformation, which may have contributed to the later 

defect. Step 108 is where things get very bad since the 

material starts to fray and shatter. At step 33.15, the 

documented damage is unusually high, indicating a severe 

degree of deformation and material breakdown. The 

highest strain is recorded at 2.47 mm/mm, and the highest 

effective stress is noteworthy at 332 MPa, underscoring the 

difficulties faced at this specific deep drawing stage. These 

results point to crucial stages in the process where the 

aluminum 7075 blank shows significant susceptibility, 

especially to tearing and breaking. Optimizing the deep 

drawing process requires an analysis and knowledge of 

these problems. To address these obstacles and improve 

process performance for the particular aluminum blank, 

changes to the material's characteristics or process 

parameters may be required. 

 

 
Fig 7. Damage, Strain, Stress for punch of C5 after tearing 

defect of deep drawing process of alumunium 7075 

 

Chamfer 10 mm with the 30 Degress angles tool blank 

result of load prediction, damage, strain effective, and 

stress effective. The following is a Deform3D simulation 

for Alumunium 7075, which examines the load generated 

by the punch load via graphs and looks at the outcomes of 

damage, stain, and stress absorbed by the workpiece. These 

are the outcomes of the simulation. 
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Fig 8. Load prediction for punch of C10 with the 30-degree angle tool 

blank of deep drawing process of alumunium 7075 

 

The implementation of a 30-degree angle 10 mm 

chamfer on the blank and a matching chamfer on the punch 

in the deep drawing process of aluminum 7075 has 

produced noteworthy outcomes. The damage parameter, 

which registered at 0.797, indicates a successful outcome 

by suggesting minimum material damage during the deep 

drawing process. While the maximum stress effectiveness, 

measuring 0.00332 MPa at the ideal 200th step, suggests 

modest stress levels encountered by the material, the 

maximum strain of 1.22 mm/mm reflects a considerable 

level of deformation. Interestingly, the precise combination 

of a 30-degree angle and a 10mm chamfer has worked well 

to get the desired result. The workpiece's successful 

completion of the 200-step target without any flaws or tears 

highlights the beneficial effects of the selected parameters 

on the process as a whole. Do the angle and chamfer really 

have an impact on these outcomes? Yes, is the response. 

Choosing a 10-millimeter chamfer on the punch and blank 

that has a 30-degree angle has helped to keep stress levels 

low, minimize damage, and regulate strain throughout the 

deep drawing experiment. This implies that the 

performance of the deep drawing process for aluminum 

7075 is greatly dependent on the selection of chamfer size 

and angle. The experiment will ultimately be successful in 

completing the specified number of steps when these 

criteria are carefully considered, as this helps to prevent 

flaws and ripping[30]. 

 

 
Fig 9. Damage, Strain, Stress for punch of C10 with the angle 30 degrees 

after tearing defect of deep drawing process of alumunium 7075 

 

Chamfer 10 mm with the 45 Degress angles tool blank 

result of load prediction, damage, strain effective, and 

stress effective. The following is a Deform3D simulation 

for Alumunium 7075, which examines the load generated 

by the punch load via graphs and looks at the outcomes of 

damage, stain, and stress absorbed by the workpiece. These 

are the outcomes of the simulation. Figure 9 illustrates that 

in order for the punch tool to press 2 mm thick Alumunium 

7075 material and reach the maximum yield strength phase, 

the material must harden within 0 seconds, requiring a load 

force of 70000 N. 

 

 
Fig 10. Load prediction for punch of 10 of the 45 degrees angle 5 blank 

of deep drawing process of alumunium 7075 

 

When using a 10mm chamfer on the blank at a 30-

degree angle in the deep drawing process using aluminum 

7075, along with a matching chamfer on the punch, certain 

results have been obtained. At 0.756, the damage parameter 

shows that there was not much material damage throughout 

the deep drawing process, which is a good result. Likewise, 

a maximum strain of 1.03 mm/mm indicates a mild degree 

of deformation, and at the optimal 200th step, the maximum 

stress effectiveness measures 0.127 MPa, indicating 

controlled stress levels that the material experiences. 

The findings highlight the efficiency of the selected 

parameters in reaching the intended result, as the workpiece 

successfully reached the target of 200 steps without any 

flaws or tears. Your inquiry, however, raises concerns 

regarding the differences that have been seen between the 

present results and the ones that were achieved with a 10 

mm blank chamfer at a 30-degree angle. It is important to 

remember that the deep drawing process is extremely 

sensitive to many parameters, and that the material reaction 

can be significantly affected by even tiny changes. 

Variations in the distribution of stress and strain brought on 

by the particular chamfer angle and shape may be the origin 

of the variances in damage and strain between the two 

trials. In comparison to the preceding design, the 10mm 

chamfer with a 30-degree angle introduces distinct stress 

patterns and deformation characteristics that may result in 

variations in damage and strain. The outcomes of the deep 

drawing process are influenced by the selection of chamfer 

size and angle. The observed variations in strain and 

damage across trials with varying chamfer designs 

emphasize the need for a detailed comprehension of the 

ways in which each parameter affects the behavior of the 

material. To enhance comprehension of these impacts and 
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optimize the deep drawing process for particular results, 

more investigation and testing are helpful. 

 

 
Fig 11. Damage, Strain, Stress for punch of C10 with the angle 45 

degrees after tearing defect of deep drawing process of alumunium 7075 
 

Chamfer 11 mm with the 60 Degress angles tool blank 

result of load prediction, damage, strain effective, and 

stress effective. The following is a Deform3D simulation 

for Alumunium 7075, which examines the load generated 

by the punch load via graphs and looks at the outcomes of 

damage, stain, and stress absorbed by the workpiece. These 

are the outcomes of the simulation. Figure 10 illustrates that 

in order for the punch tool to press 2 mm thick Alumunium 

7075 material and reach the maximum yield strength phase, 

the material must harden within 0 seconds, requiring a load 

force of 70000 N. 

 

 
Fig 12. Load prediction for punch of 10 of the 60 degrees angle 5 blank 

of deep drawing process of alumunium 7075 
 

Using a 10-millimeter, 60-degree-angled chamfer on 

the blank and a matching chamfer on the punch in the deep 

drawing process of aluminum 7075 has produced certain 

results. At 0.718, the damage parameter shows that there 

was not much material damage throughout the deep 

drawing process, which is a good result. Similarly, a 

maximum strain of 1.00 mm/mm indicates a modest degree 

of deformation, and at the optimal 200th step, the maximum 

stress effectiveness measures 277 MPa, indicating 

controlled stress levels that the material experiences. The 

fact that the workpiece made it to the 200-step mark 

without any flaws or tears highlights how well the settings 

selected worked to provide the intended result. Your query, 

however, brings up the point of the reported variations in 

strain and damage in relation to tests using a 10mm chamfer 

at various angles—namely, 30 degrees and 45 degrees. 

 

 
Fig 13. Damage, Strain, Stress for punch of C10 with the angle 60 

degrees after tearing defect of deep drawing process of alumunium 7075 

 

A key element affecting the process's integrity and 

performance is the effect of blank geometry on the 

mechanical characteristics of stresses and strains during the 

deep drawing process utilizing aluminum 7075 at 50°C. 

Differential chamfer dimensions (1mm, 5mm, 10mm) and 

radii (1mm, 5mm, 10mm) at various angles (30°, 45°, and 

60°) result in unique distributions of stress and strain. 

While distinct stress patterns are created by varying 

chamfer angles, larger radii often provide smoother 

deformations. The fact that 200 steps were successfully 

completed without any faults at different angles (30°, 45°, 

and 60°) with a radius of 10 mm and a chamfer of 10 mm 

emphasizes the significance of striking a compromise 

between limiting stress concentrations and obtaining the 

required shape. Reduced angles could result in more 

concentrated stress points and sharper features, which 

could tear while deep drawing. The arrangement that was 

selected appears to be successful in lowering the likelihood 

of tearing, which highlights the necessity of carefully 

optimizing blank geometry to guarantee both formability 

and structural integrity throughout the deep drawing 

process. 

 
Table 1. The comparison of difference of blank geometry defeorm 

properties result 

 
Source: Data Analysis 

 

The mechanical properties of strains and stress in the deep 

drawing process employing aluminum 7075 at 50°C are 

greatly influenced by the choice of blank shape. Stress 

No. Blank Geometry 
Damage 

Result 

Strain 

Effective 

Result 

(mm/mm) 

Stress 

EffectiveResult 

(Mpa) 

1 C1 (Fold Step 88th) 5.87 3.46 360 

2 
C1 (Defect Step 

1150)  
5.88 3.47 211 

3 C5 (Fold step 88th) 2.71 5.48 401 

4 C10-30 0.797 1.22 0.00332 

5 C10-45 0.756 1.03 0.121 

6 C10-60 0.718 1.00 277 
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distribution and material behavior are affected by 

variations in chamfer dimensions (1mm, 5mm, 10mm) and 

radii (1mm, 5mm, 10mm) at varying angles (30°, 45°, and 

60°). The fact that 200 steps were completed flawlessly 

with a 10 mm chamfer at three different angles (30°, 45°, 

and 60°) emphasizes how crucial it is to create a balanced 

design in order to minimize stress concentrations and 

obtain the required shape. Sharper features can cause 

tearing, and smaller angles might make this more likely. To 

sum up, in order to guarantee the material's formability and 

structural integrity during the deep drawing process, blank 

geometry optimization is essential. 

 

5. CONCLUSIONS 

Conclusions drawn from multiple deep drawing 

simulation results, including damage, effective strain, and 

effective stress on the ALUMUNIUM 7075 workpiece and 

load on the punch tool, indicate that objects with these 

values produce workpieces free of defects; this is 

dependent on the geometric shape of the blank and the 

duration of the simulation process. Therefore, engineers 

using deep drawing processes should consider the state of 

the material, the shape of the blank, and the duration of the 

process to achieve the best possible production outcomes. 

If the engineer wishes to use a lengthy process, similar to 

the one described above, engineers are advised to use 
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