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Abstract— Incremental sheetmetal forming, a non-

conventional machining process has been investigated 

which offers higher formability, flexibility in process, low 

cost of production than the traditional conventional forming 

process. Punch or tool used in this process consecutively 

forces the sheet to deform locally and ultimately gives the 

target profile. Various machining parameters, such as type 

of tool, tool path, tool size, feed rate and mechanical 

properties of sheetmetal, like strength co-efficient, strain 

hardening index, ultimate tensile strength, effect the forming 

process and the formability of final product. In this project, 

Single Point Incremental Forming was simulated using 

Dassault systemes’s Abaqus 6.12 and results obtained are 

given. Non-linear, explicit time integration scheme was used 

in simulation. Results such profile on sheet and change in 

thickness is investigated. For this paper, I simulated the 

process. Various research papers were used to understand 

the process of incremental forming and its simulation. 

Key words:  SPIF, Thickness, Profile, Formability, 

Simulation, Abaqus           

I. INTRODUCTION 

A sheetmetal component is traditionally produced using dies 

of particular profile and punch. The conventional methods 

are suitable only for mass production because of the cost of 

equipment involved and resources needed to make die. In 

recent times however, new forming methods for a batch size 

production are being developed, since the need for 

customization at low cost, have gained importance. Among 

various non-conventional forming processes, Single Point 

Incremental Forming (SPIF) method with simple 

hemispherical tool has gained a great attention. 

The necessary equipment for SPIF process, as 

shown in fig 1, include a hemispherical forming tool and a 

frame to hold firmly a forming sheet. The forming tool is 

moved along a predefined tool path which results in the 

target profile in incremental manner, example of which is 

shown in fig 2. The sheet is deformed locally and plastic 

deformation is given in each step. Therefore, the process is 

relative slow and only suitable to small (or medium) 

production batch. Main advantages of SPIF technology are 

flexible, short product development time, and inexpensive 

tooling. Additionally, formability of sheetmetal is increased 

as compared to conventional sheet forming technologies [3]. 

Objective of this paper is to study the process of SPIF, 

simulate the process and successfully obtain truncated 

pyramid profiles. The results obtained from the simulation 

to be verified by comparing them with theoretical values. 

 
Fig. 1: Experimental Setup. 

 
Fig. 2:  Tool Path for “Truncated-Pyramid” Profile 

II.  UNDERSTANDING SINGLE POINT INCREMENTAL FORMING 

To clearly understand the process, latest advancement in 

process and knowledge base available regarding SPIF, some 

research papers by notable authors in the field were 

consulted. Brief information about these research papers and 

significance in the paper is described. 

A. Fundamentals of Incremental Forming: 

Kim and Park, 2002 have done the fundamental studies of 

SPIF in detail and focused exclusively on the effect of 

process parameters. They performed experiments taking 

different types of tool under different lubrication conditions 

to generate various profiles. 

Absence of lubrication increases the tool-sheet 

interface friction resulting in higher formability but it has to 

be controlled as it might lead to development of crack. 

Depth of the profile obtained increases with increase in tool 

size but the formability is reduced. For higher formability, 

small size tool with movement transverse to rolling direction 

should be preferred. Formability is inversely proportional to 

feed rate. 

The work gives clear relation of various process 

parameters with SPIF and gives a range of optimum values 

for these parameters. 
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B. Effect of Mechanical Properties on the Forming 

Process: 

Fratini, et al., 2002 researched on the influence of 

mechanical properties of sheetmetal on formability. 

Six different material were used for the research.    was 

chosen as the value to denote formability. Tensile test were 

carried out on each of the six material to determine a) 

strength co-efficient,   b) strain hardening co-efficient,   c) 

normal anisotropy index,   d) ultimate tensile strength, 

    and e) percentage elongation,      
They Analyzed result consists of five input variable 

(              ) each with five different values deriving 

from replication of tests and two distinct output parameters, 

          &      

Qualitative table is presented on paper to denote 

the effect of various properties on SPIF. It was found that 

highest influence on material formability for incremental 

forming processes derives from the hardening coefficient. 

Formability is directly proportional to strain hardening co-

efficient and percentage elongation. Interaction among the 

mentioned variables specially (     and        ) is 

worth noting. 

C. Effect of Process Parameters: 

Park and Kim, 2003 simulated SPIF to study the 

fundamentals of process. Aluminum sheet of 0.3 mm 

thickness was used. They used PAM-STAMP software for 

computer simulation.  

They assumed formability of sheetmetal 

undergoing SPIF to be sum of strain along major and minor 

diameter,            , of the deformed circle, which 

was etched on the sheet before the start of process. This is 

traditional method of determining formability of sheetmetal 

undergoing forming process. 

Formability was found to be inversely proportional 

to size of tool and vertical feed.  

Deformation mode was found to be shifting from 

plane stretching to bi-axial stretching. If the deformation 

mode is maintained to be of former kind, as in the case of 

positive forming of some profiles, the chances of cracking 

of sheet is reduced. If negative forming is done, shard 

corners and edges should be avoided as deformation mode is 

bi-axial stretching and chances of development of crack is 

high. 

The article was useful in understanding the 

optimum conditions of forming under SPIF process to avoid 

cracking of sheet. 

D. Simulation: 

Le Van Sy in his Ph.D. thesis studied the application of 

SPIF for polymer and metals (magnesium alloy sheet AZ31 

and aluminium alloy sheet in 1010 series) and effect of 

elevated temperature on forming of sheetmetal.  

Eight-node solid elements (C3D8R) was used to 

mesh the model. Mass-scaling and ALE adaptive meshing 

techniques were used to reduce computational time. For 

simulation, explicit time-integration scheme is used. 

Study was done to anticipate the mechanical 

failures and cracking of sheet associated with Incremental 

forming. It was found that tensile stress might be the 

primary cause of failure of sheet.  

Depth of cut given greatly effects the quality of 

sheetmetal surface. Although elevated temperature increases 

the formability of the sheetmetal drastically, it was not 

incorporated in the simulation. Wall angle which can be 

obtained is higher for aluminium sheet as compared to 

magnesium sheet. The effect of feed rate and depth of cut on 

formability is more pronounced on magnesium sheet than in 

aluminium sheet. 

Simulation results published in this paper helped to 

understand the reason of failure to be mainly due to tensile 

stress and shear stress plays very little part in this. Also the 

effect of simulation parameters such as mesh density, time 

scale, mass scaling, temperature sensitivity, friction between 

sheet and tool surface was understood. 

III. SIMULATION, RESULTS AND VALIDATION 

For finite element analysis, Dassaultsystemes’s Abaqus 6.12 

was used. Modeling, pre-processing and post-processing 

was done in Abacus CAE. 

A. Model: 

Dimension of sheet is 200X200mm. Three different 

thickness of sheetmetal is simulated. 0.8mm, 1.5mm and 

2mm thick sheet is assumed. Tool is 10mm in diameter. 

Because of unsymmetrical forces on sheet due to 

movement of tool, full model was used.  

In the Abaqus model, the sheet was meshed into four 

noded shell elements with reduced integration (S4R). The 

forming tool is modeled as a sphere and meshed with three 

noded triangular facet elements (R3D3). 

The choice of element the model will be meshed 

with is very important. Tool being defined in rigid elements, 

there is no deformation of tool and is the master surface in 

simulation. Four node shell element (S4R) is used for sheet 

as researchers suggest it to be best type of element in 

Abaqus [4] for simulating incremental forming. This 

element is so programmed to be capable of taking bending 

effects of sheetmetal under consideration and also capable 

of all the required output such as change in thickness and 

nodal spatial displacement. Model developed is simple and 

the computational time associated with this element is less.  

B. Computational Time: 

The main disadvantage of simulating a complex process 

such as incremental forming is the computational time it 

takes to solve the problem. The model is large and non-

linearity is involved in the process. 

To successfully complete the simulation, process 

parameters such as feed rate and depth of cut were 

optimized to be as close to the real process and at the same 

time require reasonable computational time. 

Time-scaling technique was used in this simulation. 

Also explicit time integration method was selected. 

After implying the above said techniques to reduce 

the time of computation, it took 6 hours to complete one 

simulation.  

C. Results and Validation: 

Two separate profiles were obtained in simulation. In fig 4 

the tool was moved up to the end. The last tool path step 

was 20mm and the last step was moving the tool to the 
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center and removing it. This was done for 0.8 mm thick 

sheet. 

Fig 3 shows profile of tool obtained when tool is 

not taken up to the center of sheet. A slight protrusion or 

buldge was obtained at the center possibly because of spring 

back effect. The last tool movement in this case was 50mm. 

 
Fig. 3: Final Profile on 2mm Thick Sheet 

 
Fig. 4: Final Profile on 0.8mm Thick Sheet 

Along cut section of the profile, some elements 

were selected, the position of which is as shown in fig 5. 

Results were compared for different profiles taking these 

elements as reference. 

 
Fig. 5: Elements Considered With Their Number for 

Reference 

 

Fig 6 show the variation of thickness and profile 

obtained on 2mm thick sheetmetal. Since the tool never goes 

up to the center, the thickness is higher in the 75 to 125mm 

zone. 

      The spatial nodal displacement of the same 

sheetmetal shows the profile. The protrusion or buldge 

mentioned earlier is clearly visible.  

     The change in thickness along the wall of profile 

suggests that the step size was large, which is consistent 

with values given for simulation of the profile. 

      Fig 7 shows thickness variation and profile on 

0.8mm thick sheetmetal. The tool is given a tool path up to 

the center and thus a pointed cone is seen in nodal 

displacement figure. The variation in thickness shows that 

maximum change in thickness is at the center. 

 
Fig. 6: Thickness Variation and Nodal Displacement for 

2mm Thick Sheet 

 
Fig. 7: Thickness Variation and Nodal Displacement for 

0.8mm Thick Sheet 

Values in table are rounded up to two decimal places.  

Table 1, 2 and 3, 4 show the results of simulation for 

Aluminum and magnesium sheetmetal respectively. 

Element 
Theoretical 

Values 

Simulation 

Values 

% 

error 

371 1.92 1.99 3.64 

311 1.88 1.93 2.66 

271 1.87 1.81 3.21 

211 1.99 1.88 5.53 
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171 1.99 1.89 5.02 

131 1.81 1.83 1.10 

51 1.95 1.97 0.72 

Table 1: Results for 2mm Thick Aluminium Sheet 

Element 
Theoretical 

Values 

Simulation 

Values 

% 

error 

371 0.8 0.8 0 

311 0.78 0.78 0 

271 0.78 0.77 1.28 

211 0.78 0.76 2.56 

171 0.79 0.77 2.53 

131 0.78 0.79 1.28 

51 0.80 0.79 1.25 

Table 2: Results for 0.8mm Thick Aluminium Sheet 

Element 
Theoretical 

Values 

Simulation 

Values 

% 

error 

371 2 2 0 

311 1.89 1.95 3.17 

271 1.88 1.84 2.13 

211 1.99 1.92 3.50 

171 1.99 1.92 3.51 

131 1.84 1.83 0.54 

51 1.96 1.97 0.51 

Table 3: Results for 2mm Thick Aluminium Sheet 

Element 
Theoretical 

Values 

Simulation 

Values 

% 

error 

371 0.8 0.8 0 

311 0.78 0.79 1.28 

271 0.77 0.78 1.29 

211 0.79 0.77 1.81 

171 0.77 0.78 2.53 

131 0.77 0.78 1.29 

51 0.80 0.80 0 

Table 4: Results for 0.8mm Thick Magnesium Sheet 

IV. CONCLUSION 

Truncated pyramid profile was simulated successfully. The 

nodal displacement values obtained was according to the 

tool path defined. The values of variation in thickness 

matched closely with the theoretical values validating the 

correctness of simulation. 
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