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The paper deals with a design of new dimple geometry with a view to minimizing its thinning. In this case, three 

types of blank materials were analyzed, i.e. ferritic steel X2CrCuTi18, austenitic steel X5CrNi18-10 and austenitic 

steel X5CrNi18-10 with additional heat treatment. Thinning analysis for different dimple geometry and blank 

material is performed with a numerical simulation using finite element method in ANSYS software. To verify the 

accuracy of the numerical simulation, a practical stamping of the part with initial design and comparison between 

resulting thinning values, which is determined by ANSYS software and experimental microscopic measurement, 

is also performed. 
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 Introduction 

In the most cases, the creation of shallow dimples in a 
sheet metal part is intended to increase its stiffness. In 
general, it is an unsymmetrical bending to a non-expand-
able shape, most often in the shape of grooves, wherein 
the dimples may be of substantially any shape. [1], [2] 
The article is aimed at optimization of the circular dim-
ples geometry on the stamped part (Fig. 1) in the applica-
tion for the automotive industry. Production of the opti-
mized component is carried out at Hanon Systems Auto-
pal company, which belongs to the Hanon Systems con-
cern. The company is in the automotive industry focusing 
on systems that regulate both the temperature inside the 
car cabin and the engine temperature. 

With regard to the confidentiality, only approximate 
dimensions of the optimized part are given. Mentioned 
dimples here primarily do not increase the stiffness of the 
whole part, but they serve primarily as a spacer to which 
another part is soldered, see the detail of the soldered joint 
in Fig. 2. When a thermal load is applied on this assem-
bly, during operating load, cracks occur in areas with the 
most thinning. Therefore, the main aim is to optimize the 

dimples shape with the simultaneous analysis of the blank 
material to obtain the smallest dimple thinning in transi-
tions between the dimple and a flat region of the stamped 
part. [3] 

 

Fig. 1 Basic Dimensions of the Optimized Part 

 

Fig. 2 Crosssection of Two Soldered Dimples [3] 
 
The current initial blank for the production of the 

mentioned part is a 0.3 mm thick sheet, which is made of 
X2CrCuTi18 steel. It is stainless ferritic steel with chemi-

cal composition, which is shown in Tab. 1. Basic mecha-
nical and physical properties, which are for 20 ° C defined 
by the standard, are also mentioned in Tab. 2.

Tab. 1 Chemical Composition of X2CrCuTi18 Steel [3] 
 C Mn P S Si Cr Cu Ti N 

min. - - - - - 16.000 0.300 - - 
max. 0.025 1.000 0.040 0.030 1.000 20.000 0.800 0.800 0.250 
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Tab. 2 Basic Mechanical and Physical Properties of X2CrCuTi18 Steel [3] 
Yield Stress Ultimate Strength Ductility Young's modulus Poisson's Ratio Density 
Rp0.2 [MPa] Rm [MPa] A80 [%] E [GPa] μ [-] ρ [kg∙m-3] 

205 390 22 195 0.31 7700 
 
Another considered material variant is a sheet of the 

same thickness of X5CrNi18-10 steel, which, due to 10% 
nickel presence, ranks among austenitic stainless steels. 
[4] The contents of all alloying elements are shown in 

Tab. 3. Compared to the previous material, mechanical 
properties are characterized by low yield strength and 
high ductility, see Tab. 4.

Tab. 3 Chemical Composition of X5CrNi18-10 Steel [6] 
 C Mn P S Si Ni Cr N 

min. - - - - - 8.000 17.000 - 
max. 0.070 2.000 0.045 0.030 1.000 10.500 20.000 0.100 

Tab. 4 Basic Mechanical and Physical Properties of X5CrNi18-10 Steel [6] 
Yield Stress Ultimate Strength Ductility Young's modulus Poisson's Ratio Density 
Rp0.2 [MPa] Rm [MPa] A80 [%] E [GPa] μ [-] ρ [kg∙m-3] 

190 500 ÷ 750 37 199 0.3 8030 
 
As a standard for this type of steel, dissolving annea-

ling is carried out in which austenite is homogenized 
followed by rapid cooling. This procedure prevents local 
decrease of the chromium concentration and loss of re-
sistance to intergranular corrosion. [4], [5] Moreover, ad-
ditional heat treatment – annealing can be carried out, that 
further improves the steel structure and its properties. The 
temperature of 1 040 °C is reached by the initial heating. 
After 3 minutes at constant temperature, the step heating 
is continued at 1 060 °C, 1 070 °C and 1 080 °C, always 
with the same delay. The heating process is followed by 
free air cooling to ambient temperature. It is important to 
note, that for the production of the desired part, 
X5CrNi18-10 steel was available both after standard an-
nealing and after additional annealing. 

 Analysis of the Current State 

Firstly, it is necessary to measure the thinning of the 
critical areas on actual stamped parts with dimples. This 
means to measure thinning of parts that were made of 
X2CrCuTi18 steel. The SSM-3E microscope, which is 
equipped with a USB camera, was used to perform wall 
thickness measurements on manufactured parts with 
support of  Dino-Capture 2.0 software. Overall, two stam-
ped parts were cut into longitudinal and transverse secti-
ons taken through the dimples, as it is schematically 
shown in Fig. 3. The red solid line means a cut in the part, 
the dashed black line separates the left and right sides of 
dimples. 

 
              a) logitudal cuts                                                                     b) transversal cuts 

Fig. 3 Cutting Sections on Stamped Parts 
 
In each cut, for the given dimple, the place with the 

greatest thinning was found by the microscopic measure-
ment, see an example of the thinning evaluation in Fig. 4. 
The largest thinning was found at the fillet location at the 
bottom of each dimple.  

From the measured data, the average values were 
calculated for individual rows and columns. Left and right 

sides of each cut dimple were also distinguished in order 
to observe the effect of the punch and the die displace-
ment. In both longitudinal and transverse cuts, the right 
and left side thinning values differ in approx. 0.009 mm. 
Therefore, the utilization of a perfectly coaxial tool could 
mean a maximum increase in thickness by 3 % in relation 
to the initial thickness of the blank s = 0.3 mm. 
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a) left side of the dimple 

 

b) right side of the dimple 

Fig. 4 Example of Measured Dimple

Tab. 5 Thickness Values for Longitudal Cuts in mm 
 Column 1 Column 2 Column 3 Mean value 

Row 1 
Right side 0.178 0.174 0.177 0.176 
Left side 0.202 0.193 0.201 0.199 

Row 2 
Right side 0.156 0.192 0.199 0.182 
Left side 0.189 0.188 0.202 0.193 

Row 3 
Right side 0.196 0.192 0.205 0.198 
Left side 0.212 0.202 0.200 0.205 

Summary mean value 
Right sides 0.185 
Left sides 0.199 
Overall longitudinal mean value 0.192 

Tab. 6 Thickness Values for Transversal Cuts in mm 

 Column 1 Column 2 Column 3 
Left side Right side Left side Right side Left side Right side 

Row 1 0.212 0.192 0.177 0.195 0.190 0.202 
Row 2 0.189 0.196 0.211 0.199 0.205 0.204 
Row 3 0.229 0.206 0.221 0.207 0.262 0.209 
Mean value 0.210 0.198 0.203 0.200 0.219 0.205 

Summary mean value 
Right sides 0.201 
Left sides 0.211 
Overall transversal mean value 0.206 

 Geometry Optimization by Using Numerical 

Simulation 

 
Fig. 3 Geometry of Stamped Dimple [3] 

 
The aim of the optimization is to choose from various 

forming tools shapes combinations such that the thinning 
of the stamped dimples wall at the radii of R1 and R2 is as 
small as possible (Fig. 3). The dimple must still simulta-
neously have an acceptable shape due to its function of 

the spacer element. In the initial condition, the dimple ge-
ometry consists of fillet radii of R1 = 0.2 mm, R2 = 0.8 
mm and initial sheet thickness s = 0.3 mm. In addition, 
the thinning will be evaluated for three different mate-
rials, X2CrCuTi18 ferritic steel, X5CrNi18-10 austenitic 
steel and X5CrNi18-10 austenitic steel with additional 
heat treatment. 

The dimple geometry is determined primarily by the 
size of the radii R1 and R2. If the size of these radii chan-
ges, the strain and stress will change during the stamping 
process, as well as the final thickness of the dimple wall. 
For this purpose, a numerical simulation with the support 
of the finite element method, that can serve to analyze a 
wide range of forming analyzes [7], [8], [9], appears to be 
a highly effective tool. In this case, the choice of the ideal 
R1 and R2 combination, depending on the size of the 
thinning (or the principal strain), was performed by using 
an optimization tool in the ANSYS Workbench software. 
Since the ANSYS software does not allow a thickness 
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change evaluation, the thinning value has to be determi-
ned by recalculating the the principal strain over the thic-
kness using equation (1). 
 " � "# ∙ $%& 	�mm�, (1) 

Where: 
s...Actual thickness [mm], 
s0...Initial thickness (0.3 mm) [mm], 
φ3...True principal strain over the thickness [-]. 

 

Fig. 4 Basic Schema of the Project in ANSYS 
Workbench Software [3] 

 
The mentioned tool uses the response surface method, 

which searches for the corresponding output variables ac-
cording to several input parameters. [10] Based on their 
interdependence, an optimal combination of input para-
meters is then sought. Fig. 4 shows a solution schema in 
ANSYS Workbench. Due to the parameterization of the 
whole model, the geometry change, based on input para-
meters, could be controlled by a program that calculated 

a minimal strain value φ3 for each combination and thus 
a minimal dimple thickness. 

3.1 Geometric model 

The geometry description is based on the CAD data, 
which were provided by Hanon Systems. For the sheet 
forming simulations using FEM, it is preferable to use 
shell elements for discretization, that was also used in this 
case. The geometric model for the detail of one dimple 
after discretization is shown in Fig. 5. The stamping tools 
were considered as ideal rigid. 

 

Fig. 5 Discretization in FEM Model [3] 

3.2 Material model 

For above-mentioned three materials, tensile tests 
were performed in the rolling direction. Thus obtained en-
gineering stress-strain curves (hardening curves) were 
subsequently converted into true values. A comparison of 
the detected curves after recalculation (from the yield 
stress to the ultimate strength of  each material) to true 
stress–strain values is given in Graph 1. Together with 
elastic properties (Tab. 2 and Tab. 4) and other simulation 
parameters (i. e. friction coefficient, which was determi-
ned as µ = 0,12), recalculated true values can be used as 
a material model for FEM simulations. Moreover, normal 
anisotropy coefficients were also identified for the ani-
sotropic behavior of the materials, see Tab. 5. 

 
Graph 1 True Stress-Strain Curves of Solved Materials 
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Tab. 5 Normal Anisotropy Coefficients of Solved Materials 
  X2CrCuTi18 steel X5CrNi18-10 steel X5CrNi18-10 steel with additional annealing 

r0°  1.291 0.865 0.902 
r45°  0.831 1.174 1.087 
r90°  1.198 0.972 0.815 
rs  1.038 1.046 0.973 

3.3 Simulation Results 

Due to its strength characteristics, ferritic stainless 
steel X2CrCuTi18 shows the worst values of thinning in 

comparison with austenitic sheets, as expected. A sample 
of the third principal strain distribution (over the thic-
kness) in the direction of the sheet thickness after the 
stamping process is shown in Fig. 6. 

 
          a) Detail for One Dimple                                                b) Overall View of the Stamped Part 

Fig. 6 Third Principal Strain Distrimution After Stamping 
 
This is the result for the combination of  R1 = 0.2 mm 

and R2 = 0.5 mm, i. e. current state. After the recalcula-
tion according equation (1), the lowest strain corresponds 
to a thickness of 0.222 mm (25.9% thinning). The re-
sponse surface for the other R1 and R2 values is shown in 
Graph 2. As it is logically evident from the mentioned di-
agram, the wall thinning is decreasing along with the 
increasing radii R1 and R2. 

 
Graph 2 Dependency of Wall Thinning on R1 and R2  for 

X2CrCuTi18 Steel 
 
For verification of the accuracy of numerical simula-

tion results, it is also necessary to compare the FEM si-
mulation of the current state with the above-mentioned 
experimental thickness measurement. By simulating the 
current state, a minimum thickness of 0.222 mm was 
found at a critical point (near R1 radius), corresponding to 
the thinning value of 25.9 %. By microscopical measu-
ring, 33.3%  thinning was found as the largest value, i. e. 

difference of 7.4 %. It is important to note, that the diffe-
rence can be affected by many factors, such as changes in 
friction coefficient, but namely by relative displacement 
of stamping tools toward each other in practical manu-
facturing process etc. In view of the foregoing, the model 
can be regarded as sufficient to search the optimal geo-
metry parameters, a radius R1 and R2. Austenitic stainless 
steel X5CrNi18-10 without additional heat treatment con-
firmed the expected reduction in thinning values. As in 
the previous case, the dependence of thinning on input si-
mulation parameters (R1 and R2) can be observed in 
Graph 3. Unlike steel, it is possible to achieve a smaller 
thinning. For the current state, minimal thining value of 
23.8 % was found. 

 
Graph 3 Dependency of Wall Thinning on R1 and R2  for 

X5CrNi18-10 Steel 
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Graph 4 Dependency of Wall Thinning on R1 and R2  for 
X5CrNi18-10 Steel with Additional Heat Treatment 
 
The third and final material variant is austenitic stain-

less steel X5CrNi18-10 with additional heat treatment. 
By changing of the main geometric parameters (R1 and 
R2), a graph of the dependence between percentage 
thinning of the material, R1 radius and R2 radius was also 
for this third case constructed, see Graph 4. For the 

current state, the lowest thinning value was found as 
19.6%, which is the best result for all three cases. As in 
the two previous cases, it is also possible to state, that the 
radius R1 has more impact on thinning values, compared 
to R2 influence. 

 Results and Discussion 

As it follows from the above-mentioned, X5CrNi18-
10 steel with additional heat treatment seems to be the 
most advantageous. The graphs presented above show the 
thinning depending on the dimple geometry. However, at-
tention should also be paid to the materials influence 
across these graphs. The comparison of  thinning values 
shows that the greatest influence of the material proper-
ties appears for the small radii R2 and namely R1. By 
increasing of these parameters the material's influence is 
reduced. This is illustrated in Graph 5a, where the 
thinning curves for all three materials can be seen, depen-
ding on R1 at R2 = 0.6 mm. Furthermore, Graph 5b shows 
another case, i. e. the same dependence for R2 = 1 mm. 
Curves characterizing the thinning are approaching with 
increasing values of radii R1 and R2. 

 

                                         a) for R2 = 0,6 mm                                                           b) for R2 = 1 mm 

Graph 5 Effect of Material and R1 Radius on Thinning 
 
There are several paths to reach the lower wall 

thinning. The first way is to increase both radii to values 
as close as possible to the maximum in a tested range. In 
this case, it is not important what type of considered ma-
terials will be used, because for R1 = R2 = 1.0 mm, the 
difference in the thinning is in the order of tenths of a per-
cent. Therefore, it makes no sense to use a more expen-
sive material option. In other hands, the dimple function 
as a spacer element defining the position of the entire part 
with respect to the whole assembly may be in conflict 
with its shape change. For this reason, if it is not possible 
to change the geometry to the recommended one, the se-
cond way how to increase the dimple wall thickness is 
just changing of the blank material. 

 Conclusions 

The article was focused on the design of the dimple 
geometry depending on its thinning. In this case, the de-
termination of material thinning during the stamping ope-
ration was performed by using numerical analysis, i.e. fi-
nite element method.  Overall, three types of blank mate-
rials were analyzed (ferritic steel, austenitic steel and aus-
tenitic steel with additional heat treatment) with initial 
thickness of 0.3 mm. Before the mentioned analysis, me-
chanical behavior of all analyzed materials was evaluated 
by performing the tensile test. In the following, experi-
mental evaluation of thinning was done by using micros-
copic measurement on the current geometry. 
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The theoretical analysis showed that the current state 
(ferritic steel, R1 = 0.2 mm, R2 = 0.8 mm) cannot be stam-
ped with less thinning than approx. 26 %, varying from 
the minimal experimentally determined value by 7.4%. If 
the tool geometry is changed to R1 = 1 mm, R2 = 1 mm, 
the thinning value reaches the lower value of 9.55 %. 
When austenitic steel is using, it is possible to achieve 
even lower values for the same geometry, namely 9.24 %. 
But austenitic steel with additional heat treatment (anne-
aling) achieves the best thinning values (thinning of 9.23 
% for R1, R2 = 1 mm). It is obvious that the use of auste-
nitic steel with additional heat treatment can positively 
affect the thinning of the material, up to 0.32 %. In all 
cases, it can be observed that the change in rounding va-
lue R1 brings a steeper course of thinning change, compa-
red to R2. Therefore it is obvious that the effect of the ra-
dius R1 is more pronounced for all investigated cases. 
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