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Abstract— Single Point Incremental Forming (SPIF) process 

has been largely developed for the last ten years due to the 

multiple advantages that presents as its well-known dieless 

configuration, the larger conformability that can be obtained 

with it and its flexibility. In spite of that, the process has 

been experimentally applied to soft-fluent alloys, like 

aluminium alloys. Herein there are multiple variables taking 

part and related to the technological parameters, the material 

conformability and the friction phenomena. These effects 

have not been sufficiently studied, especially at steel 

applications. The present work is a part of a future extended 

research and tries to evaluate in advance the stresses and 

strains existing in the sheet and in the tool during SPIF of 

DC-05 steel. A Solidworks® environment has been created 

to do a FEM Simulation of this process. 
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I. INTRODUCTION 

The AA2024-T3 is a thermally treated Aluminium Alloy 

widely used in the manufacture of aircraft structures, 

especially wing and fuselage skins under tension. So, in 

order to avoid production problems and to optimize the 

Forming processes it is essential to establish accurate   

formability limits. In this sense, the Forming Limit Diagram 

(FLD) is the most useful tool for evaluating the workability 

of sheet metals. They show, in the principal strain space, the 

combinations of strains at the onset of local necking, FLD at 

necking or FLC (forming limit curve), and at the beginning 

of ductile fracture, FLD at fracture or FFL (forming fracture 

line)[1]. 

In metal forming processes, the term workability 

refers to the degree of deformation that can be achieved in 

the workpiece without the occurrence of a defect, that is, the 

appearance of surface or internal cracks. Failure usually 

occurs as ductile fracture in metalworking and rarely as 

brittle fracture. The propagation of the cracks is of little 

interest as the main objective is to avoid their initiation. 

These cracks usually appear within regions that are highly 

strained due to extensive plastic flowof the material during 

themetal forming process[2]. 

II. SIMULATION WORK DONE 

At the present time, there is a great variety of software to 

analyze and simulate real engineering problems that are well 

known under the term, Computer Aided Engineering (CAE). 

The stress and strains distribution of the system can be 

obtained using this kind of software[5].Solidworks® 

Simulation is the Solidworks® module that solves these 

problems through the application of Finite Elements Method 

(FEM). It is well known that FEM consists of a numerical 

technique to find approximate solutions to partial 

differential equations of a system. Then, the system is 

divided into many subsystems producing a mesh. These 

subsystems are called finite elements; every finite element 

has a determined number of nodes in which a partial 

differential equation is solved.The Single Point Incremental 

Forming process was simulated in Solidworks® 

Simulation.The simulation consisted of a hemispherical tool 

that deformed a DC-05 steel sheet[7]. The tool describes a 

pyramidal with squared base path. All the degrees of 

freedom are constrained in the sheet edges imitating, in this 

way, an experimental blankholder effect. The blankholder, 

the DC-05 steel sheet and the hemispherical tool design 

were created in Solidworks® CAD module. 

III. IMPORTANCE ON SIMULATION ENVIRONMENT IN 

MANUFACTURING INDUSTRY 

A. Fem Simulation on Forming Tool 

 
Fig. 1: 

B. Finite Element on Modelling 

The die and the punch were automatically meshed into shell 

rigid parts from the compatible CAD files (IGES) imported 

in the LS-DYNA preprocessor while the workpiece solid 

mesh was generated in the preprocessor as it is 

geometrically less complex.The material model used for the 

workpiece was mat piecewise linear plasticiy. 

IV. CASE STUDY ON SIMULATION ENVIRONMENT 

The following steps were developed to carry out the FEM 

Simulation:  

 Applying the materials of the different parts with the 

definition of the material properties and the material 

behaviour model. 

 Definition of the contacts between the different parts 

involved in the process. 

 Establishing the parts constraints or boundary 

conditions like degrees of freedom and displacements. 

 Applying the external loads to the system (not in this 

case). 
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 To create and define the mesh for finite elements 

method. 

 Configuration of the simulation parameters and running 

it. 

 Results collection and interpretation. 

A. Simulation Parameters and Methodology 

There are some parameters that must be defined for FEM 

simulation and the experimental tests. These parameters are 

the forming paths, tool shape, dimensions, spindle speed, 

feed rate and steel sheet thickness. The simulation aim is to 

form a squared base pyramid by single point incremental 

forming process; thereby the tool pushes on the steel sheet 

describing squares at different depths. The tool starts at a 

specific depth describing a square with a side of determined 

length; at the second step the tool goes inward and 

downward from the previous path and so on until the 

pyramid top is reached. 

The FEM simulation was done in three steps: 

1) The first side of the pyramid base; in this phase the tool 

goes to a pyramid corner, goes down along Z axis up to 

-2 mm and goes 90 mm along X axis. 

2) The first square of the pyramid; in this phase the tool 

goes to a pyramid corner, goes down along Z axis up to 

-2 mm and repeats the first phase four times creating the 

first square; that is, the pyramid base. 

3) The complete pyramid; the tool goes inward and 

downward repeating the second phase to arrive to the 

pyramid top. After the tool completes the first round, it 

goes inward the Pxy value and downward the Pz value 

and so until the top of the pyramid is reached. 

B. Experimental Procedure 

An instrumented blankholder is being built to experiment 

SPIF with different materials. One design has been carried 

out for measuring the forces that acts on the sheet and on the 

tool during the process. Based on this design, the sheet 

constraints were design for the simulation, Once the 

blankholder was built completely, it will be coupled in a 

CNC milling machine for doing the Single Point 

Incremental Forming processes. 

 
Fig. 2: A blankholder to establish the sheet constraints and 

to monitor SPIF modelled in Solidworks CAD module 

The tool paths will be designed in Solidcam, which 

is a well known Solidworks® module, for creating and post 

processing the forming paths. The forming paths will be the 

same as those having simulated. In this manner, the CNC 

milling machine will be programmed for doing the process, 

what is called the CAM stage. 

C. simulation and experimental results 

Once the simulations were executed, the results were 

available. The stresses, displacements and strains at the steel 

sheet were registered during the simulation. On the other 

hand, the forces could be obtained at any node or at specific 

vertex, line or face for each simulation step time. The Solid 

works® provides the results by graphics with different 

colours. These colours are related to the value of the 

parameter that is being considered. 

The obtained stress simulation results can be seen 

in Figure 5. At this time, the tool is pushing at the top of the 

pyramid and the zones whose stress values are above 149.67 

MPa exceeds the yield point. Those zones reach the plastic 

deformation at this time and will not recover its original 

shape. The maximum stress value is about 258 MPa at the 

pyramid top. A stress versus time graphic was obtained at 

some nodes of the system. Figure 6 depicts stress-time 

registers for the three nodes indicated in Figure 5. The 

forces were collected when the tool was at the top of the 

pyramid and the resultant force value at the middle of the 

line 1, Figure 5, was 3,234.20 N. The corresponding values 

of the X,Y and Z components for that force are 9.76 N, 

3,067.90 N and 1,023.60 N, respectively.  

This analysis was carried out in the steel sheet sides 

to contrast the results in a future experimental work in 

which load cells are foreseen to fix on each line similar to 

line 1. 

The analysis of the stress results leads to state that 

the greatest stresses appear when the tool is pushing the 

steel up to greatest Z coordinate; that is, at the top of the 

pyramid as it was expected. The nodes with the maximum 

stresses are on the bottom plane of the sheet when the tool is 

passing on the front face, like, for example at node 3. At the 

regions near to forming tool in the front side of the sheet the 

stresses takes large values too, although not as much as on 

the back side. For this reason the node 3 reaches a higher 

value than node 2. Apart from that, the node 1 has several 

stress peaks, neither of them greater than node 2 or 3.  

 

 
Fig. 3: Stress simulation results. Front and rear sheet side. 
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Fig. 4: Stress evolution versus the time at some nodes. 

The displacements and strains were also studied. In 

this way, following Figures depict a diagram of them once 

the forming tool has separated from the sheet. It can be seen 

that the sheet does not take the staggered pyramid 

shape,probably because of the springback effect that appears 

in the process. Effectively, the springback phenomenon is 

clearly observed if the final displacement of the sheet and 

the tool path in Z axis are compared. The final displacement 

is shorter than the Z tool path and then, an elastic recovery is 

supposed to take place. Relating to strains, and as a first 

approximation, according to the strain-stress curve for the 

sheet, values up to 0.007 corresponds to a level of stresses 

below yield point and so, the material deformation will tend 

to be recovered. 

Strain values above 0.007 lead to plastic 

deformation according to the power shape of the 

Hollomon´s function,Figure . 

 

 
                             Fig. 5: Displacement results 

V. CONCLUSIONS 

A methodology to simulate SPIF into the Solidworks® has 

been successfully devised and it has been demonstrated that 

this environment can be employed for a correct definition of 

the process variables and the material properties, especially 

for plastic behaviour. 

The results herein obtained show that the stress 

values are not large and that the achieved strain should be 

greater from the forming goal viewpoint of Incremental 

Sheet Forming Processes. For this reason, the tool path 

should be suitably modified, increasing the Z coordinate. 

Anyway, the agreement of the simulation results with the 

experimental ones existing in literature predicts that the 

technique herein presented will lead to a good evaluation of 

the process. 

Another consideration that should be taken into 

account in future is the friction phenomenon. The 

expectations that the authors have in this context are high. 
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