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ABSTRACT: In this work, adding dimple to AL1100 sheet was experimentally and numerically studied. The 

behaviour of the plate during the forming process was simulated for several punch diameters, dimple different heights, 

and different plate thickness. The punch travel which indicates the dimple height before plate fracture was obtained 

from the numerical results of punch load and effective strain curves. The deformation along the dimple thickness is 

nonuniform and failure may occur along the dimple wall or at the die nose fillet. Improvement in thickness distribution 

along the dimple wall can be achieved when using the natural rubber to assist the dimpling process. 
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INTRODUCTION 

Sheet metal forming is one of the common manufacturing processes used to produce different products like automobile 

body, aircraft wings, fuel tanks, bridges, naval construction and metal furniture. Continues efforts are made by industry 

and research institutes to increase the efficiency of plate structures and achieve optimal use of resources and energy 

saving by reducing the weight and costs of sheet metal products. One possible solution is to use thinner plates, but this 

solution will be accompanied by production problems because decreasing the thickness of the plate reduces its 

formability, in addition to that these sheets will have low strength resulting in an increase in the deformation of the 

product [1]. The dimpling technique can be used to increase the plate rigidity [2] and improve the product properties 

while maintaining a minimum strip thickness [3]. Dimples can be created by pressing a feature into the surface of a 

flat plate. This operation called “embossing” which is one of the stamping operations. Embossing is considered as a 

simple method used to strengthen sheet metals. When utilizing it the mechanical properties of the sheets will be 

improved. The improvement will appear as an increase in tensile strength, total elongation, and bending strength [4]. 

This method is applicable for thin stainless-steel, mild steel, and soft aluminium sheets. Dimple dimensions (i.e., 

diameter and height) depend on both plate thickness and size, and must be adjusted to maintain the proper plate 

strengthening results. The main limitation is the material capacity to deform plastically without cracking [5]. Dimples 

can be added to the spacer grid assembly of the pressurized light-water reactor (PWR) [6], nuclear fuel spacer grids 

[7], Surface texturing applications [8,9], and to add decorative shapes to metal sheets without the need to use special 

forming tools [10]. Hadley Industries Plc (Hadleys) developed the UltraSTEEL® process to produce dimpled steel 

products. This process combines the traditional cold-roll forming or press-braking with dimpling process. Adding 

dimples modifies the product stiffness, hardness, and strength as well as other properties like screw retention and fire 

test performance [11]. Currently, dimpled steel products are used in many products and applications such as wall studs 

in light buildings, corrugated panels, reinforced doors and windows [12]. In this paper, the numerical simulations and 

experimental work were aimed to study the behaviour of the dimpling process, and make use of simulation results to 

predict the failure in the sheet metal. Dimpling with rubber assistance was also conducted to improve the plate 

thickness distribution of the dimple wall. 
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MATERIALS AND METHODS 

The physical properties of the material are the main inputs for Finite element simulation; therefore, it is very important 

to describe it properly for the simulation of dimple process in sheet metal. Material used in this study is AL1100 sheet 

with a thickness of 1mm. Tensile testing of the aluminium samples has been carried out according to ASTM E8 

standard using Universal testing Machine (UTM) with a maximum capacity of (130) KN. The mechanical properties 

of the specimens were obtained from the stress-strain diagram shown in Figure 1 and are listed in Table 1. The flow 

stress of the aluminium sheet was considered as 𝜎 = 168.11𝜀0.134 .  

 

Figure 1. Stress-Strain Diagram of AL1100 tensile sample 

Table 1. Mechanical properties of AL 1100 

Yield strength Ultimate tensile strength Young’s modulus Poisson’s ratio 

56 MPa 112 MPa 69000 MPa 0.33 

Natural Rubber Properties 

Natural rubber is used in different applications like bridge bearing pads, marine door seals, construction industries. 

Natural rubber sheet BS1154, 10mm thickness was used in the experimental work of this study, its technical properties 

Table 2 [13]. 

Table 2. Mechanical properties of Natural rubber [13] 

Property Value 

Hardness (Shore A)  50° ± 5°  

Density  1.15 g/cm2  

Tensile Strength  17 MPa  

Elongation at Break  500%  

Working Temperature Range  -20°C to +70°C  

Numerical Analysis  

The commercial FEM package “DEFORM 2D” V10 was adopted to perform the numerical simulation. This software 

consists of three main parts, Pre-processor, the simulation engine, and Post-processor.  In the Pre-processor portion, 

the different parts are modelled, a mesh is generated to the work-piece, process conditions are defined such as parts 

material, coefficient of friction, punch movement speed, and the other required parameters of the process. The FEM-

based analysis is performed in the simulation engine portion. This engine can deal with different types of work-piece 

(Plastic, Elastic, Porous, Elastic-Plastic) and dies (Elastic or rigid). In the Post-processor, the simulation results are 
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displayed graphically, these results represent distribution of different parameters such as stress, strain, damage, 

displacement, temperature … etc. 

In this study, the different parts (i.e.; punch, die, holder, and plate) were modelled as shown in Figure 2. The process 

was simulated for four different punch diameters and six plate thicknesses using SI units and axisymmetric geometry 

with other parameters as listed in Table 3. 

 

Figure 2. Schematic diagram of dimpling process 

Table 3. Process FE simulation input parameters 

Parameters Value 

Punch, Die, and Holder Type = Rigid 

Punch diameters: 8, 10, 15, 20, 25, 30mm 

 

 

 

Work-piece 

Number of nodes = 1247 

Number of elements = 1075 

Width divisions = 6 

Remesh when Interface depth equals 0.1 mm 

Elastic-Plastic (AL-1100) 

Plate thickness: 1, 1.2, 1.4, 1.6mm 

Normalized Cockcroft & Latham Fracture criteria with 

Critical value = 0.4 

Coefficient of friction 0.12 

Punch movement speed 1mm/Sec 

Experimental Work 

To understand the dimpling process mechanism, a set of four punches with diameters (15, 20, 25, 30mm) and four 

dies with inner diameters (17, 22, 27, 32mm) was fabricated as shown in Figure 3. The dimples were formed on the 

surface of rectangular AL1100 plate samples with dimensions 50x50mm. 

 

Figure 3. Fabricated punches and dies 
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To validate the proposed numerical model with its parameters during the dimpling process, punches with different 

diameters (15,20,25, and 30mm) were used to impress a dimple in the 1mm plate thickness at dimple heights of 2mm 

step sequence till plate fracture. Plates with dimple were cut into two halves to compare it with the numerical model 

and to study the thickness distribution along the dimple wall. Experimental tests were performed to investigate the 

effect of using natural rubber as a support inside the die under the sheet plate during the dimpling process. The four 

different punches were used to form a dimple till plate fracture. 

RESULTS AND DISCUSSIONS 

The experimental results are presented and compared with the numerical simulation. The comparison includes 

numerical model validation, thickness distribution, fracture mode, and experimental rubber assistance results. 

Model Validation 

The experimental and numerical tests were compared for different punch diameter and different dimple height, the 

results are shown in figures 4 and 5. The comparison shows that the proposed numerical model was able to simulate 

the dimpling process successfully and the results are in good agreement with the experimental work. 

 

Figure 4. comparing simulation with experimental resultsx 

 

Figure 5. comparing simulation with experimental results 

Load And Strain Variation 

The effect of dimple depth (i.e., punch travel) on the punch load is shown in Figure 6. It can be noted that for each 

punch diameter, the load exerted on the punch increases with increasing the dimple depth up to a certain value, then 

this load drops due to plate yielding and thinning. Finally, a sharp drop happens with the plate failure by cracking. 

Figure 7 shows the variation of the effective strain with the dimple depth. The strain increases gradually up to a certain 

punch travel then followed by a rapid increase. This change in increasing trend happened at the same distance for the 
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punch travel, and this indicated the dimple height were the plate thinning starts. Finally, and when the plate failure, 

the strain curve settles at a fixed value. We can use the results of these two curves to indicate the thinning and cracking 

regions and then decide the proper punch travel which in turn indicates the dimple height. 

 

Figure 6. Load variation with punch travel 

 

Figure 7. strain variation with punch travel 

Thickness Distribution 

In order to study the variation of thickness along the dimple wall, A punch with 15mm diameter was used to produce 

a 5.5mm height dimple, the numerical and experimental results are shown in Figure 8. It can be noted that there are 

two regions with a sharp decrease in plate wall thickness as we move away from the dimple center line towards the 

die-holder interface, this indicates that the deformation is nonuniform along the entire thickness of the dimple. 

 

Figure 8. Thickness distribution (punch diameter 15mm, dimple height 5.5 mm) 
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To analyse these two regions, the effective stress from the numerical analysis was verified. It was found that the 

effective stress at region 1 about 152MPa, while it is about 145MPa at region 2, as shown in Figure 9. This means that 

the second region is the candidate for plate failure if the later did not fail at region 1. 

 

Figure 9. Stress distribution (punch diameter 15mm, dimple height 5.5 mm) 

Fracture Mode 

For plate thickness 1mm, the numerical and experimental results show that fracture happened at region 1 for punches 

with diameters (15, 20, 25, and 30mm) as shown in Figure 10. To deeply analyse the fracture mode of the dimples, 

further numerical analysis was performed for punches with diameters (8, 10, 15, 20, 25, and 30mm) to impress a 

dimple in plates with thickness (1.2, 1.4, and 1.6mm). It was found that plate fractures at region 1 for punches with 

diameters 8 and 10 for all the proposed thicknesses. For punch with diameter 15mm, the plate fracture occurs at region 

1 for thicknesses (1.2, 1.4mm), but it occurs at region 2 for thickness 1.6mm. For punches with diameters (20, 25, and 

30mm) the plate fracture occurs at region 2 for all the simulated thicknesses as shown in Figure 11.  

 

Figure 10. Fracture at region 1 (a- experimental, b- numerical) 

 

Figure 11. Plate fracture at region 2: a- (D=15mm, t=1.6mm)     b- (D=20mm, t=1.2mm)      c- (D=30mm, 

t=1.2mm) 

Rubber Assisted Dimpling 

When using the natural rubber to assist the plate during the dimpling process, results shows that the fracture happened 

again at region 1 as shown in Figure 12, but an improvement in thickness distribution along the dimple wall was 

observed as shown in Figure 13. 
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Figure 12. Plate fracture with rubber assistance: a- diameter 30mm, height 8mm; b- diameter 25mm, height 8mm 

 

Figure 13. Plate fracture with rubber assistance 

CONCLUSIONS 

In this work, dimpling process was experimentally and numerically studied for AL1100 sheets. plate behaviour during 

the forming process was investigated for different punch diameters, different dimple heights, and different plate 

thickness. We can conclude the following: 

• In dimpling process there are two locations were plate failure can occur, one along the dimple wall and the other at 

the die nose radius. The failure location depends on the punch diameter and plate thickness. Failure near the die nose 

radius is dominant with punch radius greater than 15mm and plate thickness greater than 1mm. 

• Load and strain curve results can be used to indicate the plate thinning and cracking regions. 

• The comparison of the results shows that there was good agreement between the experimental and simulation results 

for the predicted trend of the dimpling process. 

• Rubber assisted dimpling process results in a better thickness distribution along the dimple wall and this in turn 

improves the quality of finished product.  
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