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Ayman Ali Abd-Eltwab * Abstract: Deep drawing without blank holder is an important process
Gomaa A. A.? for producing circular cups which used in many applications. In this
Eman S. M. Abd-Elhalim * process, the blank is subjected to various loads and stresses
Hammad T. Elmetwally * concentrations which can lead to cup failure. This research presents a

Numerical simulation and experimental study on the effects of stresses
concentrations in the deep drawing without blank holder. A simulation
model was constructed with the Dynamic Simulation Software
Keywords DEFORM software to study the appropriate values for the variables.
Deep Drawing Proc_ess; Practical experiments were conducted on universal testing machine
Stresses Concentrations; configured for the process. Aluminum blanks were used as specimens
Blank holder; Drawing ratio with a thickness of 3 mm and various diameters. The process is carried
and Mode failure out by placing the blank on the die and balancing it, then moving the
punch downward to complete the drawing process. During process, the
specimen is subjected to loads pulling it downward. To avoid this,
several suggestions were made to disperse stress and reduce the impact
of stress concentration. The experiments were conducted at a speed of 9
mm per minute. For all experiments, the forming loads were measured
during the process. The results showed that avoiding stress concentration
in the deep drawing process without blank holder had a significant effect
in reducing the forming forces, minimizing the tearing of the samples,
demonstrates how knurled punches redirect stress, reducing tearing by
33%. and the drawing ratio reached 2.46, which is a high percentage
compared to the traditional condition, also there was a convergence
between the Numerical simulated and experimental results.

1. Introduction

Industry uses the deep-drawing process widely due to its productivity and efficiency. The
automotive and aerospace industries are two global sectors that use sheet-metal shaping. Cup-
shaped, box shaped, and other complex curved and concave parts can be produced by utilizing
the deep drawing. To maximize output, attain greater forming ratios, and get rid of product
defects. Many researchers execute analytical and experimental investigations of the deep
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drawing process parameters [1-3]. Punch force, blank holder force, blank dimensions, die
geometry, punch geometry, forming temperature, and coefficient of friction values are some
of these characteristics. In order to promote good flow of metal, it is necessary to radius the
lead-in of the die and nose of the punch, ensure that the diameter of the punch is within an
appropriate size range for the material, and meticulously control the clearances between the
punch and die. Highly severe clearance will cause the part to acquire wrinkles. Too little, and
the component will rupture. Numerous deep draw configurations incorporate a blank holder
and pressure pad in order to reduce flaws and enable more detailed drawings. Typically, a
blank holder is needed to keep the blank flat against the die. Kumar [1] used mathematical
formulations in the hydroforming deep drawing process with castor oil medium to investigate
the impact of blank radius on radial stresses. The punch force delivered to the blank causes
radial stress, while the viscous fluid acting on both sides of the blank causes shear stresses.
Kumar evolved to the conclusion that while the radial stresses were linearly proportional to
the radius of the blanks, they were inversely related to the blank’s radial distance from the
work axis. The formability of DP590 steel sheets was examined by Reddy et al. [2] in relation
to various deep drawing process parameters. They realized that the punch force was inversely
proportional to the die angle and directly related to the blank holding forces for all die angles.
In order to establish a relation between the friction that results from the deep drawing process
and the fracture that happens during the process, M. Mullar et al. [3] look into a mathematical
model. Friction between the sheet metal and the deep drawing tools efficiently influences the
stress-strain state; as a result, it functions as a lever that may be used to modify the
component's damage state. Different constant friction coefficients are introduced for the
straight sides and the tool corners in a friction ratio. This model predicts that the greatest
damage was generated at the bottom corner area, where the greatest plastic strain was attained.
H. Wang et. al. [4] studied the effect of die cavity pressure and forming temperature on the
formability behavior of AA2198 in worm sheet hydroforming. At greater pressures and
temperatures during the forming process, the formability improved, according to both
numerical and experimental study. Room temperature produces the brittle fracture mode,
while higher temperatures create the ductile fracture mode. According to Morovvati et al.'s
[5] investigation into the effects of the drawing ratio, the forming force, and the blank holder
force on the final blank shape, larger punch and blank holder forces are necessary when
dealing with high strength materials in order to prevent wrinkling. A larger starting blank
diameter results in a smaller drawing ratio, which raises the needed forming force. An analysis
Is conducted on the impact of punch and die radii on the deep drawing process's stress
situation. The impact of die radius on the wrinkling of deep-drawn cups is presented in
Reference [6]. [7-9] There is a noticeable difference between the initial stress values without
radius and the stress values with radius in the punch and the die. The drawn products have
wrinkles as a result of the reduced blank holding force. The stronger the sheet material, the
more blank holding strength required to keep it from wrinkling during the deep drawing
process. The tearing effect can be prevented by leaving sufficient space between the punch
and the dice. By using the right lubricant, the surface scratches will disappear. Phanitwong
and Thiram’s [8] enhanced the low carbon steel sheet's formability with a multi-draw radius
die. As the sheet plane was positioned 90 degrees in the rolling direction, the drawing ratio
utilizing the multi-draw radius die was 2.75, resulting in a 22.22% increase in the LDR (Limit
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Drawing Ratio) as compared to the value when the traditional die was utilized. The material
flow into the die is facilitated and accelerated by using the multi-draw radius die. In Reference
[9], the effects of angles and die/blank radius were examined experimentally. The results
showed that the limiting drawing ratio and punch force were increased as the die/blank angles
increased and the LDR reached to the maximum value (f=2.3) at 0=12.5°. The optimal
drawing ratio was obtained at the die/blank angles of 12.5° then the maximum punch force
reached their maximum value at the punch/die radius of 10 mm. Using material behavior
under the influence of complex loads during the deep drawing process, yield criteria are used
to forecast the fracture of the steel cups. [10]. Without the use of a blank holder, FE analysis
and experimental research on the square cup drawing through conical die have been
conducted [11] and with blank holder [12]. FE analysis and simulation of the hydroforming
deep drawing process was carried out to predict the wrinkling behavior when conical tools
were used [13]. The results demonstrated a strong correlation between the FE model's failure
prediction and the experimental results. If the thinning at the punch nose failure is suppressed,
then the LDR can be extended. Reducing friction at the die-blank interface surfaces and
raising friction at the punch-cup interface will accomplish this. Reference [14] and Ragab K.
et.al. [15] shows how process design and machine learning are utilized to predict the high
drawing ratios of aluminum cups, examine how the type of lubricant and the knurled punch
affect the deep drawing process's LDR in the absence of a blank holder. In deep drawing [16],
Circumferential compressive stress in thin-walled dome components is the primary cause of
wrinkles. The two main objectives are to reduce friction between the blank and blank holder
and to make it easier for the material to align and flow among the coils of the spring. The
blank holder is constructed from a sturdy flat steel plate with a tightly coiled spiral spring
mounted on it. In addition, a new practical approach to blank setup and installation has been
shown. The cup walls have a uniform thickness distribution, better material flow, and more
efficient long-term lubrication, according to test results [17]. When the thickness-diameter
ratio falls from 13.3% to 3.3%o, the maximum radial strain increases by 50%. Reducing hoop
compressive stress and preventing wrinkling flaws can be achieved by increasing blank-
holder force and decreasing temperature gradient [18]. The blank holding plate was
constructed from two concentric rings of varying materials with equal or uneven widths in
order to acquire the structural solutions of the new tools [19]. Average errors of 0.12 mm (or
0.25 %) in predicting the outer radius and 0.015 mm predictions for the sheet metal blank
were compared with experimental data [20]. The maximum drawing ratio of 2.275 was
obtained when knurled punch and the lubricant mixing of oil and graphite powder with 25%
wt. and 75% wt. respectively were used. In general, in studying the variables of manufacturing
processes of a raw material or product, Mahmoud Hashem et al. used the ANOVA package
for this purpose [21-23], Other references have provided methods for selecting
experimental/operational parameters, composite properties, dynamic parameters, finite
element analysis, numerical simulation, etc. [24]. Abdelaal, Osama et al. and Astakhov,
Viktor P et al. used experiment methods in manufacturing Design of experiment methods in
manufacturing: Basics and practical applications on the effect of water-silica slurry impacts on 3D-
Printed polylactic acid [24, 25]. While most studies focus on deep drawing with blank holders
(e.g., [5, 12]), few address stress concentration mechanisms in blank-holder-free processes.
This work bridges this gap by analyzing how punch geometry and friction control can mitigate
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tearing. Condensed literature review (removed redundant citations) and highlighted key
findings recent work by [14] demonstrated that knurled punches improve formability, but
their impact on stress redistribution remains unquantified. Similarly, [6] studied die radii
effects but omitted punch-surface interactions. In addition, the research objectives to (1)
Quantify stress concentration effects via FEA and experiments, (2) Evaluate knurled punches’
role in load redistribution, and (3) Establish process windows for defect-free cups.

As presented in previous literature, many attempts are drawn to simulate and predict the
effects of various parameters that influence the deep drawing process especially when a blank
holder was used. A few articles are concerned about the effects of deep drawing parameters
when a blank holder is not used as well as the effects of the friction forces between the cup
wall and the die surface and the analysis of reaction forces isn’t well studied. However, the
present work concerned on studying (analytically & experimentally) the effect of punch force,
friction forces and reaction forces on the stress state and the behavior of cup wall material
and shape in the case of the deep drawing process without blank holder.

2. Finite Element Analysis and Simulation Setting

In this section, draw forming is studied mainly using finite element analysis. Simulations are
performed to predict sheet necking and rupture behavior by replacing the Coulomb friction
coefficient. The conditions affecting forming in deep drawing forming are studied by finite
element analysis to find the optimal forming parameters. SOLIDWORKS was used to draw
the molds under different parameter conditions. DEFORM 3D was then used for the finite
element analysis simulation. The forming coefficients were changed according to the final
product part. The obtained optimal geometric parameters of the mold were used for mold
unloading. A test mold is drawing to verify the predictability of the analysis software. The
mold and cup drawing simulation mold are shown in Figure 1. Finite Element Analysis Before
performing a wired element analysis, it is necessary to draw an analysis model in
SOLIDWORKS drawing software and import the STL file of the model. In this case, the
material properties of the workpiece were set to plasticity. The calculations were predicated
on the following hypotheses and assumptions: (i) It is possible to ignore the strain hardening
fluctuation throughout the forming process. (ii) It is possible to ignore the spring-back effect.
(ili) The spinning substance possesses homogeneity, isotropy, and incompressibility. (iv)
During the deformation, the effects of temperature can be ignored. The mesh setting values
are appropriate. If the analysis value does not change when the number of meshes is increased,
the analysis time will increase as the number of meshes continues to increase. Here, 75,500
meshes are used. Material properties other than the workpiece are rigid. The punch blessing
curve setting is a function that uses paths, and custom coordinate functions. The friction
setting uses Coulomb friction with a value of 0.03, while constant shear friction is suitable
for the analysis of drawing operations. After the part is defined, the simulation setup is run.
It is designed to define the total number of steps for the analysis according to the number of
steps. The set value is 1600 steps, each 0.01secondislstep, stop setting the definition of time
used, when the set value is 6secondsit stops. The mold temperature set point is 25°C to
complete the simulation setting.
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3. Materials and Method

In this section, the details and specifications of the experimental setup will be presented,
including the measuring devices, materials, and raw materials used along with their
specifications. The specifications are illustrated in Figure 1, which shows a solid drawing,
outlining the deep drawing process without blank holder. The drawing die is placed in such a
way that it has three areas: the first is the entry and convergence area, the second is the neck
area of the die, and the third is the exit area for the formed cup. Figure 2 represents the
experimental setup for conducting deep drawing experiments without blank holder. In the
setup, a universal testing machine is used to replace the sample forming machine. The upper
part of the testing machine is utilized to move the ram downward, securing the punch to the
upper part of the testing machine. The deep drawing die is positioned below it, perfectly
aligned with the punch’s axis. A base is placed under the die to ensure there is sufficient space
for the formed cup to exist. Additionally, the forming machine (testing machine) is equipped
with an operating and control unit and is connected to a computer for data recording during
the experiment. Figure 3 illustrates the parts and components of the deep drawing process
used, such as the drawing die, the blank holder, and a set of punches used, along with a scale
to adjust the position of the blank before the drawing process, ensuring it is perfectly balanced
and horizontal. Figure 3 shows the set of punches used in the drawing process according to
the experimental work, which was designed to feature punches of different shapes to allow
for the concentration of stress at various locations on the formed blank. To conduct
experiments in the deep drawing process without the use of a blank holder, aiming to
determine the effect of stress concentration and its position relative to the formed blank. A
die was used with a convergence angle of approximately 36 degrees, a neck diameter of 46
mm, and a die height of about 120 mm. A set of punches with diameters ranging from 40
mm to 45 mm with a 1 mm step was used. "When using a blank with a thickness of 3 mm, a
punch with a diameter of 40 mm is perfectly suitable to produce a cup where the wall
thickness is equal to the base thickness, which will be around 3 mm. However, when using a
punch with a diameter larger than 40 mm with a 3 mm thick blank, the thinning value of the
cup wall will be equal to the difference between the neck diameter of the die minus the punch
diameter, divided by two. For example, when using a punch with a diameter of 44 mm, the
thinning value for the wall thickness will be 2 mm, resulting in a wall thickness of 1 mm. It
should be noted that stress concentration values are affected by the type of punch used and
the clearance between the formed blank and the neck opening of the die. In this research, the
main objective of these experiments is to determine the effect of stress concentration on the
deep drawing process without using a blank holder. The punches used have a rough section
(Knurled) at the bottom, which increases the surface roughness coefficient and frictional
resistance between the punch and the blank. This transfers the effect of stress concentration
from the base to the wall of the cup, thus reducing the chances of the sample tearing,
experiment conditions and cases listed in table 1.
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Table 1 Experiment conditions

Thickness (mm) | Value of
set of experiments dpo(mm) | Dp(mm) | Before After | corrective Knurled
process | process | thinning
Case 1 3 3 0 No
Case 2 40 : 3 3 0 semi-spherical
drawing Case 3 ranging 3 3 0 yes
from 94
process Case 4 41 mm to 104 3 2.5 0.5 yes
cases Case 5 42 mm 3 2 1 yes
Case 6 43 3 1.5 1.5 yes
Case 7 44 3 1 2 yes
Process Parameters Punch speed 9 mm/min in UTM

In the experimental program used, the values of the deep drawing process variables were
selected in two cases: with and without wall thinning of the produced cup, using punches with
and without serration (surface roughening of the punch). Punches with different diameters
and base radii were also used, including one punch with a spherical section at the base to
allow for transferring stress concentration to areas far from the formed blank. All experiments
were conducted at a punch linear speed of 9 mm per minute, with lubrication applied between
the blank and the die only to prevent and reduce friction between them. Aluminum blanks
with specific specifications were used in deep drawing to produce cylindrical cups with a
circular cross-section. The table shows the specifications of the aluminum sample used in the
work, with diameters ranging from 94 mm to 104 mm. The blanks were cut into circles with
specific diameters according to the experimental program. A laser cutting machine was used
in the cutting process. After cutting the blanks to specified diameters, all the blanks undergo
annealing by placing them in a dedicated furnace for two hours at a temperature of 450°C
[15]. They are then left for 24 hours to cool down to room temperature, making the blanks
ready for the deep drawing process, chemical composition of test specimens illustrated in
table 2. The results of the tensile test for the aluminum sample before annealing, after
annealing, and after the deep drawing process. It is clear from the figure the importance of
the annealing process in removing the residual stress caused by previous machining
operations. Additionally, the stress-strain curve after annealing shows a decrease compared
to the results before annealing, which reduces the forces required for the drawing process and
decreases the number of samples that tear during the drawing process, plastic behavior of the
tested material listed in table 3.

Table 2 Chemical composition of tested Aluminum blanks (AL1055).

Element Al Si Fe Cu Mn Mg Zn Cr
Percent | 96.7 | 0.1844 | 0.071 2.54 0.0288 | 0.08046 | 0.094 | 0.1266
Element Be Ca Pb Sn Sr \Y Bi Ni
Percent | 0.001 | 0.005 |0.00288 | 0.00243 | 0.001 | 0.00203 | 0.00997 | 0.01
Element| Cd Co Ag In Ga Ti B Zi
Percent | 0.0042 | 0.0643 | 0.0137 | 0.0213 | 0.0139 | 0.0172 | 0.004 | 0.00183
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Table 3 Measured plastic behaviour of the tested material.

Strength Coefficient, (k)

Strain Hardening Exponent, (n)

Before annealing

K =137 MPa

n=0.142

After annealing

K =83 MPa

n=0.215

Figure 1 sketch for the deep drawing process without a blank holder.

Punch holder

Punch

Blank

Computer Data
Record

Universal Test Machin

Control
Unit

Figure 2 Experimental setup for deep drawing without blank holder.
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s e

Figure 3 Components of the deep drawing process.

4. Results: analysis and discussion

4.1. successful produced cups

Figure 4 shows the produced cups formed by a deep drawing process in the middle Figure 4b,
two cups of different heights after the drawing process and partial section of the aluminum
cup, as shown in Figure 4c and blank before the drawing process illustrated in Figure 4a. The
partial section shows a section of the drawn cups, highlighting the roughness of the inner
surface of the cup. Figure 5 shows samples that were cut during the experiment, with the
sample cuts made at various locations according to stress concentration. Some samples had
their cuts occurred at the upper wall, while others were cut from the bottom due to the blank
being subjected to a set of loads during the drawing process. These include the forming loads
acting downward and the reaction loads of the blank against the punch, which resist the
drawing process and act upward. At the base of the punch, in contact with the blank,
concentrated loads are located around the radius of the punch base. As a result, the
combination of all these loads affects the drawing process. A balance between the loads and
their reactions can lead to the sample tearing, as the blank is subjected to tensile loads.
Conversely, when the blank’s resistance to the drawing process decreases, the resistance
values during drawing do not result in tearing of the formed sample. Figure 6 illustrates an
array of cups produced through deep drawing without a blank holder, in various cases
according to the experimental conditions, and with different lengths based on the drawing
ratio, all in good condition without any tearing. Additionally, Figure 7 shows a collection of
aluminum cups after the deep drawing process. Figure 8 shows the stress-strain curve for the
deep drawing process in several different cases, from Case 1 to Case 7. In Cases 1, 2, and 3,
a punch diameter of 40 mm is used, meaning there is no corrective thinning of the wall of the
drawn cup. In these cases, the thickness of the base of the cup is approximately equal to the
wall thickness. In Case 1, the punch diameter is 40 mm without any surface roughening. In
Case 2, the base of the punch is semi-spherical, where the edge rounding radius is large
enough to match the punch radius, which reduces stress concentration at the punch edge. In
Case 3, surface roughness is applied to the punch, resulting in higher resistance values during
drawing and further decreasing the effect of stress concentration. The resistance forces during
drawing are transferred from the base to the walls of the drawn cup. In Cases 4, 5, 6, and 7,
there is a corrective thinning of the wall of the cup. When using a 41 mm punch, the wall
thickness is 2.5 mm; with a 42 mm punch, the thickness is 2 mm; and with a 43 mm punch,
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the thickness is 1.5 mm, which corresponds to Case 6. In Case 7, with a 44 mm punch, the
wall thickness is reduced to 1 mm, meaning the wall thickness has decreased by
approximately 2 mm, representing a reduction of about 66% from the original thickness of
the blank before drawing. It is evident that the longest wall of the drawn cup occurred at the
highest thickness reduction, which is Case 7, where the height of the wall increases while the
thickness decreases.

Figure 4 Aluminum Specimen before and after forming process:
Fig.4a test specimen, Fig. 4b produced cup and Fig. 4c Partial section.

Figure 6 Array of successful cups at various cases.
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Figure 8 Punch load — displacement curve for the deep drawing process in different cases,
from Case 1 to Case 7.

4.2. Deep drawing simulation results

Figure 9 presents a series of simulation results of the deep drawing process without a blank
holder at various locations in the die interface and at the neck of the die, illustrating the
formation of the cup. The figure shows the effect of stress concentration in the overlap area,
where the highest stress values occur at the base of the cup. If the resistance to drawing of the
blank is less than the forming values, no tearing of the sample occurs, and the process
proceeds smoothly. However, if the drawing resistance is high enough to cause tearing at the
base of the punch, it will lead to cup failure. Therefore, using surface roughness on the punch
helps reduce sample tearing. The simulation results also show a similar trend to the actual
stress-strain curve during the drawing process, as there is a significant resemblance between
the curves, as shown in Figure 9, specifically for the cup with reduced wall thickness.
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Figure 9 Simulation to stresses concentrations during deformation process.

Figure 10 illustrates the shape of the drawn cup using simulation at various positions or
specific steps as the punch advances toward the blank for shaping. In Figure 11, nine positions
are shown, from the start of the drawing process to the end of the drawing stroke, along with
the stress-strain curve during the drawing process at each position. It is noted that the effects
of stress concentration were initially at the bottom and then shifted to the wall of the cup,
increasing until the end of the wall. In this figure, the stress distribution is shown from the
beginning of the drawing process to its end, and this is at several locations. Regardless of the
stress values, it is clear from the figures that stress concentration is transferred from the base
of the formed cup to the walls, especially with the presence of a knurled. This reduces the
effect of stress concentration, which leads to the success of the process despite the increase
in the drawing percentage see Figure 9 and Figure 11.

Table 4 Steps with Forming load from the start to the end of stroke nine positions

Positions Stroke, (mm) Forming Load, (N) Step
(@) 20 8.1e+03 200
(b) 20.8 8.81e+03 208
(©) 35.4 5.67e+04 354
(d) 40.6 1.07e+05 406
() 50 1.03e+05 500
) 100 1.25e+05 1000
(9) 109 1.27e+05 1092
(h) 131 1.51e+05 1310
Q) 160 9.05e+04 1600
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7 Load (N)
1.58e+005

1.27e+005

9.49e+004

f.33e+004

3.16e+004

Load Prediction

St s - Effective (MPa)

191

127

63.7

0.000
0.156 Min

180 Max

Figure 11 Various positions from start to end of the drawing stroke.
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5. CONCLUSIONS

In this study, we investigated the production of parts using the deep drawing process without
blank holder. The results were analyzed conceptually, leading to several important
conclusions. Below are key insights derived from the discussion of these results. The position
of stress concentration in the deep drawing process has a significant impact on the successful
formation and drawing of the cup without tearing. When using a punch with a rough surface,
the drawing resistance shifts from the base to the wall of the cup, reducing the sample tearing
and slightly increasing the drawing force values. Demonstrates how knurled punches redirect
stress, reducing tearing by 33%. With a reduction in the wall thickness of the drawn cup, the
drawing forces increase, and the length of the drawn cup wall also increases. The convergence
of the simulation results with the actual process results. Analysis of the sample results
revealed a predicted modulation load that closely aligns with the experimental findings
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