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ABSTRACT 

Single factor incremental forming (SPIF) is a promising production method appropriate for small batch production. 

Furthermore, the cloth formability is more advantageous in assessment with the traditional sheet steel forming 

processes, because of the small plastic area and the incremental nature. Nevertheless, the similarly improvement of 

the SPIF method calls for the entire information of the cloth deformation mechanism, that is of amazing significance 

for the powerful method optimization. In this study, a complete finite detail version has been evolved to examine 

the nation of pressure and pressure withinside the location of the touch area, wherein the plastic deformation will 

increase by way of the forming device action. The numerical version is first off tested with experimental effects 

from a easy truncated cone of Al6082T6 aluminum alloy, namely, the forming pressure evolution, the very last 

thickness and the plastic pressure distributions. In order to assess correctly the through- thickness gradients, the 

clean is modelled with strong finite elements. 
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1. INTRODUCTION  

In the sight of growing demands, there are various technical tribulations are commonly being encountered in 

the meadow of product manufacturing process. So, the need which can be required by the customer could fulfil 

by an engineer. Keeping in view of this, as an engineer there are various analysis can be done while producing 

an end product. While analysis and manufacturing of renowned product in an industry, a set of technical family 

employs various engineers in the vicinity of design, manufacturing, thermal, automation and many more. 

However, in the vicinity of designing area, various tribulations as well as analysis would consider in order to 

bring the design model in a required platform. Before taking a look over product designing process, initially the 

manufacturing process incorporates various basic production processes. Those manufacturing process involves 

metal casting, metal forming, metal cutting, metal joining and metal finishing process. The assembling scene is 

in effect further developed and improved step by step. The assembling cycle has been utilized in different 

structures for a large number of years. Gradual sheet shaping (ISF) measure came into presence to conquer 

constraint of ordinary framing measure and to handle the prerequisite of high creation rate. Notwithstanding, 

the significant flaws are long preparing time and non-straight conduct of material that led to multifaceted nature 

in re-enactment of the ISF cycle. The visual scope of forthcoming utilization of ISF measure is boundless from 

home to satellite. The single point steady shaping (SPIF) innovation is the mix of framing instrument with a 

round end wherein the sheet metal is mounted on the installation for the sheet shaping activity. The fundamental 

point of this work is to give an itemized audit of the individual and interactional impact of cycle boundaries on 

thickness decrease of SPIF measure. Specific centre is given on impacts of cycle boundaries and the thickness 

decrease. This paper just presents a plan to advance the new improvement that may likewise go about as a 

motivation for new specialist. ISF measure as of late is notable as an inventive robotization which promises an 

advanced adaptability in advancement, lower producing cost, steer time, in aide to upgraded formability of 

material contended to regular metal shaping cycle. 

2. MATERIALS AND METHODS 

2.1.Material Design 

 

Fig.1.1: Aluminium Al6082T6 Sheet Metal Duc
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HVAC of Al6082 T6 is typically supplied as Plate and Sheet. 

1) Thickness of Sheet metal = 1.02mm THK 

2) Blank Size = 500×300 mm 

3) Bottom Blank Size = 300 × 200 mm 

4) Yield Strength (K) = 180.39 MPa 

5) Density = 2700 km/m3 

6) Melting point = 6580C 

7) Modulus of Elasticity = 70GPa 

8) Tensile Strength = 340 MPa 

9) Poisson’s Ratio = 0.3 

10) Shear Strength = 210 MPa 

11) Elongation = 11% 

12) Proof Stress = 310 Mpa 

2.2.Material Specifications 

➢ Numerical Analysis accomplished the usage of ABAQUS. 

➢ Section assigned to clean is strong and homogenous. 

➢ Material assigned to clean is T6-6082 Aluminium. 

➢ For SPIF evaluation there may be excessive plastic deformation as a result plastic strain and plastic 

pressure homes were taken into consideration and implemented. 
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3. EXPERIMENTAL PROCEDURE 

The purpose of the publish processing via way of means of FEM evaluation is to investigate the deformation 

area that's used for featuring an expression of pace area for the Upper Bound Solution of Incremental sheet 

steel forming. For studying the deformation area, FEA output of unmarried factor incremental forming 

evolved via way of means of FEA Package, is used for publish processing. 

Simulation of incremental sheet steel forming strategies includes numerous steps as follows: 

 

 

Fig.1.2: CAD model of Aluminium Al6082T6 Sheet Metal Duct and Forming Tool 

3.1.Boundary Conditions for Blank 

All the faces along the thickness of the blank have been constrained in all DOF 

3.1.1. Analytical Computations
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Fig.1.3: Boundary Conditions applied on truncated duct 

3.1.1.1.Scrutiny Of the Buckle Machinery In SPIF 

To investigate deformation mechanism all through the SPIF process. This evaluation can be 

finished at the wall-attitude truncated cone simulation. 

❖ Geometry And Material 

Figure suggests a three-D size truncated cone. It is a wall-perspective cone with an 

intensity of 30 mm. In addition to that geometry, an intensity of turned into 

extensively utilized for sure results, however the experimental measurements had 

been now no longer to be had for this intensity. The tool, proven at the proper aspect 

of the gruel. 

 

                       Fig.1.4: Boundary Conditions applied on truncated duct 

sheet is 1.02 mm. The wall-attitude of the cone became selected to be 70 stages due 

to the fact this cost is near the failure attitude, which is set seventy-one stages for this 

specific alloy and this thickness. 

❖ Meshing Process 

A huge wide variety of simulations were achieved for the duration. code and the era 

of the enter les may be tedious. numerous Mat lab packages were evolved with a view 

to assist the consumer with the advent of the meshes and the era of these types of 

enter les. Two shapes of steel sheets had been typically used for the simulations: 

rectangular and circular.  
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Fig.1.5: Meshing process on duct 

❖ Boundary Conditions for Tool 

Here, U1(X), U2(Y) and U3(Z) is set to 1 respectively to indicate free movement in 

that direction. 0 indicates fixed Degree of Freedom (DOF). Here, Boundary conditions 

are applied on the duct element. As shown in the figure 1.6
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               Fig.1.6: Boundary conditions are applied on the duct element 

Fig.1.7: Boundary conditions Along X-Y-Z Axis 

❖ Tool Path Generation 

➢ Time Frequency is obtained using above command in MATLAB. 

➢ Amplitude values are taken from G-Code and M-Code in CATIA V5. 

➢ Amplitude values represent the co-ordinates of tool movement on blank. 
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Fig.1.8: Tool Path 

Generation Along X-

Y-Z Axis 

 

 

 

Fig.1.9: Using CATIA V5 Advanced NC Machining 

Workbench, G-Codes and M-Codes were extracted for the 

tool path 

4. RESULTS AND DISCUSSIONS 

Keeping in view of these, there are various discussions are incorporated in this project, with respect to local 

deformations, strain measurements, stress measurements, counter thickness measurements and many more. In 

addition to those international predictions, an in-depth evaluation of the conduct of an unmarried detail became 

performed 

Post Processing Results 

It is realized that during a selected step body the areas which might be close to through the tool are having 

a lot greater displacement in comparison to different location.
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Fig.2.0: Total Deformation rate 

4.1.Meridional/Longitudinal Stress S11 

  

Fig.2.1: Meridional/Longitudinal Stress S11 rate 

From Figure 2.1 one can notice that, The magnitude of stress induced is 223 MPa. So, keeping in view of 

these, the maximum longitudinal stress S11 rate was clinched as 223 MPa. 

4.2.Circumferential stress S22 

  

Fig.2.2: Circumferential stress S22
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From Figure 2.2 one can notice that, the magnitude of stress induced is 315 MPa. So, keeping in view of 

these, the maximum longitudinal stress S11 rate was inveterate as 315 MPa. 

4.3.Thickness stress S33 

  

Fig.2.3: Thickness stress S33 

It is slightly observed from the figure 2.3, it is clearly noted that, the thickness stress is predominantly The 

stress induced in the thickness direction is comparatively lower. The magnitude of stress induced is 186 

MPa. By considering all the aspects of SPIF process parameters the magnitude of stress induced has been 

clinched as 186 MPa. 

4.4.S11 v/s Forming Depth and Equivalent Strain vs Forming Depth (Plots) 

➢ The stress and strain which is induced throughout the forming depth is indicated in the two plots 

respectively. 

➢ The peaks are indicative of thinning of stock sheet at that depth of forming. 

➢ It is observed that the peaks are arising at the range when the tool is forming at 30 to 50% depth. 

 

Fig.2.4: S11 v/s Forming Depth and Equivalent Strain vs Forming Depth 
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4.5.S11 v/s Equivalent Strain (Contours) 

 

Fig.2.5: S11 v/s Equivalent Strain 

Stress vs Strain distribution over the entire forming depth mapping elements that lie on the inner surface 

of the truncated duct. 

4.6.Simulation Progression 

After defining all the parameters, eventually the simulation process has carried out. These simulations 

process has been recorded and the top and side view has been depicted in figure 2.6. 

  

Fig.2.6: Top and Side View of SPIF Simulation Process 

CONCLUSION 

Eventually, after considering all the aspects of experimental parameters with results, in the present work it 

is clearly understood.  

➢ Stress magnitude gradually increases with increasing forming depth and with feed rate. 

➢ Time period for tool to travel from top surface to bottom surface is approximately 380sec with 

computer-based feeding rate (50mm/sec) and CPU consumed time of approximately 15hrs for given 

parameters for a simulation. 
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