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Abstract 

Incremental Forming with a single-point tool is an efficient sheet-metal forming operation for producing 

various net shapes. The quality of the surface manufactured by the process is crucial for final 

applications and depends on the input values selected for the forming operation. In the present study, 

Incremental Sheet Forming assisted by a Static Pressure Support was used to form AISI 316L stainless 

steel sheets of uniform thickness. A Taguchi design of experiments was used, and a mixed L18 

orthogonal array was constructed to carry out the experiments. The experiments were performed by 

changing the forming parameters such as tool nose diameter, forming step depth, bottom wall angle, rate 

of feed and tool rotational speed with various levels and their effect on the responses was studied. The 

results confirm that the forming step depth and the feed rate have the greatest influence on surface 

roughness and forming time, respectively. The developed optimisation method will be very helpful in 

the estimation of surface roughness and forming time of AISI 316L stainless steel formed during 

incremental sheet forming using static pressure support with various forming parameter conditions. 
(Received in May 2026, accepted in July 2026. This paper was with the authors 2 weeks for 1 revision.) 
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1. INTRODUCTION 

Metal-forming industries mostly rely on conventional dies and punches to produce symmetric 

and asymmetric geometries for various net shapes. New product development in metal forming 

requires conventional dies for mass production, whereas in bench-scale production, the mould 

cost is added to the product fabrication cost, thereby increasing the product cost. To meet these 

demands, the sheet metal operating industries have established a new technique called the 

incremental sheet forming process for metallic sheets. This incremental sheet metal forming 

process is a reliable solution for forming many net-shaped products without compromising 

shape quality. This process is coupled with a computerised numerical control indenter tool that 

plastically deforms the metal sheets into the preferred designs.  

      Coman et al. [1] pyramidal trunk shapes were formed using incremental forming by varying 

the forming parameters. The thinning, surface roughness and the accuracy of the formed 

components were studied. The components experienced fracture when the wall angle was kept 

above 70⁰. The TiN-coated tools were generating minimum forming forces during the forming 

operation. Also, when forming was done with a coated tool, the surface roughness was minimal, 

ensuring the surface quality of the formed components. 

      Ma and Nguyen [2] evaluated the effect of forming parameters on incremental forming of 

A1050 H14 aluminium sheets. The Box Behnken experimental design was used for the 

experimental layout, and the PSO algorithm was used for optimisation. The optimal 

combination of forming parameters for better results was a step depth of 0.83 mm, a feed rate 
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of 1137.51 mm/min, a spindle speed of 1512.99 rpm, and a tool diameter of 14.98 mm. The 

ANOVA study showed that the most contributing forming parameters were feed rate and step 

depth, and the least impact on the output responses was exerted by spindle speed and tool 

diameter. Visagan and Ganesh [3] implemented a hybrid optimisation method for forming 

SS316L sheets using a metal die. The ANOVA showed that spindle speed contributed 30.55 % 

to the GRG method, and step depth contributed 31.3 % to the TOPSIS method. 

      Ouaidat et al. [4] performed incremental forming of AA5754-H111 using robots to produce 

conical parts. The forming force was predicted using Polynomial and Gaussian Process 

Regression models, and the results were analysed using Principal Component Analysis. The 

results showed that the selected regression models provided good predictions, but the Gaussian 

model performed better than the Polynomial model. The PCA was effective in reducing 

complex data into smaller sets, thereby simplifying the analysis. Visagan and Ganesh [5] 

conducted forming experiments on AISI 316L using a metal die while varying the forming 

parameters. The forming time of the component was directly influenced by the feed rate and 

the depth of the vertical step. The surface roughness in the middle region was lower, and it was 

maximum at the top portion of the formed components. 

      Ganesh et al. [6] conducted incremental forming on AA5052 sheets using the Taguchi 

approach. The effective ideal process settings are 10 mm tool diameter, 0.4 mm step depth, 500 

mm/min feed rate and 300 rpm spindle speed. The diameter of the forming tool had a greater 

impact on surface quality, and the spindle speed had a greater influence on the angle of the 

formed components. 

      Gundarneeya et al. [7] investigated the time required for forming, the quality of finish, and 

thinning of components manufactured by varying forming inputs tool speed, feed rate, and step 

depth on SS 304 DQ steel. The step size was found to have the greatest influence on forming 

time, and thinning and feed rate were found to have a greater influence on the roughness of the 

formed component. Visagan and Ganesh [8] performed hybrid optimisation of incremental 

forming of AISI 316L sheets by combining Taguchi GRA and Principal Component Analysis. 

Increasing the feed rate increased frictional heat, making the surface hard, and the surface 

roughness was high under those conditions. The surface roughness increased with spindle speed 

due to tensile stress developing during the SPIF process. 

      Shafeek et al. [9] performed multipoint forming on titanium grade 2 sheets to investigate 

the effects of input parameters on strain development and the maximum formability of the 

sheets. The formability of titanium grade 2 was improved when forming was performed at lower 

spindle speeds and with a smaller vertical step depth. Zhu et al. [10] performed a multi-layer 

perceptron and improved multi-objective grey wolf optimisation to identify the optimal process 

parameter combination of incrementally formed Al1060 sheets. The optimal parameter 

combination predicted by the model is a tool diameter of 4.00871 mm, a sheet thickness of 

1.07692 mm, a vertical step depth of 0.18797 mm and a wall angle of 30⁰. The proposed results 

provided a very significant quantitative improvement, however, there is still a wide research 

need to understand the same for industrial applications. 

      Oliveira Santos et al. [11] performed single-point incremental forming of thin tin-coated 

steel sheets. The tensile test was performed in the rolling direction at different angles, and the 

experiments were conducted using forming tools with four different diameters. Results showed 

that the maximum wall angle of 54⁰ was obtained with smaller tools, but as forming progressed, 

the forming time increased. The larger forming tools gave a maximum wall angle of 45⁰. The 

thickness of the formed components decreased as the tool diameter decreased. Kumar Gandla 

et al. [12] proposed two strategies to form a hemisphere shape and found that the influence of 

the two forming strategies on material flow in incremental forming of hemispherical dome-

shaped components was investigated. The selection of intermediate shapes affects the forming 

limit, accuracy, and manufacturing time. 



Visagan, Ganesh, Elaiyarasan, Naveenkumar, Satthiyaraju: Experimental Investigation and … 

455 

      Oraon [13] studied the tool wear in SPIF using 440C steel and AA3003-O aluminium using 

ANN. With measured and estimated tool wear, the model was employed for wear prediction. 

The tool wear range measured was 0.0199 mm to 0.0379 mm. The tool wear range is predicted 

to be 0.0174 to 0.0439 mm. The derived model's overall coefficient of performance is 0.95149. 

Bedan et al. [14] studied the effect of process parameters on stretch forming followed by the 

incremental forming method. The microstructure of the components formed by a combination 

of stretch forming and incremental forming was 36 μm, whereas it was enhanced to 52 μm with 

SPIF. The dimensional accuracy of the component was improved with a minimum deviation of 

6 %, and the thickness of the formed component was also found to be improved by stretch 

forming followed by incremental forming. Hasanlu and Mokari [15] proposed a hybrid 

investigative method to manufacture circular galvanised plates using SPIF for predicting the 

fracture point by using the Fracture Forming Line. The results show improved strain capacity 

and process stability, leading to more accurate and sustainable SPIF manufacturing processes. 

      Li and Wang [16] performed experiments on a titanium plate and a titanium perforated 

plate, keeping cone piece models as target geometry. The maximum radial aperture growth was 

78.53 %, and the maximum circumferential aperture growth was only 10.84 % and it was found 

that the radial growth rate was higher than the circumferential growth rate. Almadani et al. [17] 

proposed a model to predict the performance of this contactless incremental forming process of 

polymers, aiming for higher accuracy. The developed FE model accurately predicted final part 

shape, dimensions, and strain behaviour in SPIF, while confirming stretching, thinning, and 

bending as the main deformation modes, with results matching experiments well. Önal et al. 

[18] performed multistage two-point incremental forming on DC04 steel of 0.98 mm thickness. 

The effect of various incremental forming parameters on the thickness distribution of the 

formed components was studied. The maximum thinning occurred in the radius region, and the 

lowest thickness was 0.34 mm. The best thickness distribution was obtained at a pressure of 5.5 

bar. 

      Jankovič et al. [19] proposed a methodology that achieved a higher prediction accuracy 

between 0.9483 to 0.9995 for condition monitoring of a hydraulic press by implementing five 

ML based regression models. Among the proposed models GPR and NN provided higher 

accuracy while LR and DT provided lesser training time and are more suitable for real work 

applications. Sevšek et al. [20] proposed an ANN model to predict the responses of deep 

drawing process by obtaining R2 of 0.949 for forming force, 0.907 for minimum sheet thickness 

and 0.844 for height. The developed ANN models provided fast and reliable predictions, 

demonstrating their potential for improving process control and optimisation in deep drawing 

applications. 

      Vosniakos et al. [21] developed and validated a finite element simulation model for 

predicting the SPIF behaviour of non-symmetric sheet metal parts and optimising toolpaths and 

process parameters. The simulation accurately predicted the dimensional deviations of the 

formed part and proved to be an effective tool for planning SPIF of non-symmetric components, 

despite its high computational time. Vukojević et al. [22] evaluated the effect of incremental 

sheet forming and post-weld heat treatment on the mechanical properties and structural integrity 

of welded P460 NL1 pressure vessel heads. Incremental sheet forming introduced beneficial 

compressive residual stresses, while post-weld heat treatment did not improve the mechanical 

properties or structural integrity of the vessel heads. 

      Traditional dieless incremental sheet forming (ISF) has several limitations, including 

localized thinning, springback, poor dimensional accuracy, limited wall angle, and deformation 

instability caused by the unsupported nature of the sheet during forming, as reported by Duflou 

et al. [23] and Behera et al. [24]. To overcome these limitations, the present study proposes 

Incremental Sheet Forming with Static Pressure Support (ISF-SPS), which provides continuous 

backing support beneath the sheet. This support promotes more uniform material flow, reduces 
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localized thinning, suppresses springback, and improves the dimensional accuracy of the 

formed components. The ISF fixture is designed to provide Static Pressure Support behind the 

sheet, and forming experiments were performed by varying process parameters such as tool 

nose diameter, forming step depth, bottom wall angle, feed rate, and tool rotational speed; the 

responses considered were surface roughness and forming time. During the experimental 

process, a double-wall cone angle with a constant wall angle on the top and a varying wall angle 

at the bottom is formed on the AISI316L sheets. 

2. MATERIALS AND METHOD 

2.1  Materials and experimentation process 

An Incremental Sheet Forming with Static Pressure Support (ISF-SPS) experiment was 

conducted on the austenitic grade stainless steel AISI 316L. The chemical composition and 

mechanical properties of the workpiece are shown in Tables I and II, respectively. AISI 316L 

stainless-steel sheet 0.8 mm thick, with a cross section of 250 mm × 250 mm, is selected for the 

ISF-SPS experimental study. 

Table I: Chemical composition of AISI 316L stainless steel. 

Component C Cr Mn Ni P S Si Mo Fe 

Wt (%) 0.022 17.3 1.74 13.5 0.021 0.016 0.34 2.15 Balance 

Table II: Mechanical properties of AISI 316L stainless steel. 

Property details  Unit Value 

Brinell Hardness  BHN 217 

Ultimate strength  MPa 685 

Elastic Limit  MPa 339 

Elastic Modulus GPa 19-205 

Poisson coefficient - 0.26 

      The helical tool path is used for the incremental forming of AISI 316L stainless steel. The 

VG 68 hydraulic oil was used at a static pressure of 0.4 bar. The Vertical Milling Centre (VMC) 

used for the process is shown in Fig. 1 a, and the schematic representation of the ISF-SPS 

process is shown in Fig. 1 b. 

 

Figure 1: a) VMC used for ISF-SPS process, b) Schematic representation. 

      The fixture is designed to provide Static Pressure Support behind the sheet, and the forming 

process arrangement is shown in Figs. 2 a, b and c. The SPS setup consisted of a sealing ring, a 

relief valve, a hydraulic valve, a pressure gauge and an oil storage tank. The pressure gauge 

monitors pressure, and the pressure-reducing valve controls pressure in the hydraulic oil 

system. 



Visagan, Ganesh, Elaiyarasan, Naveenkumar, Satthiyaraju: Experimental Investigation and … 

457 

 

 

Figure 2: a) ISF SPS fixture, b) Hydraulic oil pack setup, c) Experimental setup. 

      The trajectory of the tool with a spiral path, generated using CATIA software, as shown in 

Fig. 3 a, represents. The target shape of the component to be formed is designed using Creo 

Parametric 2.0 software as shown in Fig. 3 b. 

 

Figure 3: a) Spiral toolpath trajectory, b) CAD model of the target shape. 

2.2  Experimental design for the ISF-SPS process 

The Taguchi L18 (2
1 × 34) mixed-level design has been used to perform the optimisation. The 

input variables tool nose diameter was kept at two levels, and the other four parameters forming 

step depth, bottom wall angle, rate of feed and tool rotational speed were kept at three levels as 

shown in Table III. The detailed experimental layout and the obtained responses, Surface 

Roughness (Ra in μm) and Forming time (FT in min) are shown in Table IV. 

Table III: Control variable and different level of ISF-SPS forming process. 

Type Input parameters Unit 
Level 

1 2 3 

A Tool nose diameter mm 8 10 - 

B Forming step depth mm 0.2 0.3 0.4 

C Bottom wall angle deg 70 73 75 

D Rate of feed mm/min 500 1000 1500 

E Tool rotational 

speed 

rpm 100 200 300 
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Table IV: L18 experimental layout and its results for the ISF-SPS process. 

Exp. No. A B C D E Ra FT 

1 8 0.2 70 500 100 1.347 68 

2 8 0.2 73 1000 200 1.351 37 

3 8 0.2 75 1500 300 1.634 25 

4 8 0.3 70 500 200 0.918 48 

5 8 0.3 73 1000 300 1.005 24 

6 8 0.3 75 1500 100 1.082 16 

7 8 0.4 70 1000 100 0.624 18 

8 8 0.4 73 1500 200 0.838 12 

9 8 0.4 75 500 300 0.877 37 

10 10 0.2 70 1500 300 1.125 23 

11 10 0.2 73 500 100 0.941 66 

12 10 0.2 75 1000 200 1.051 36 

13 10 0.3 70 1000 300 0.691 23 

14 10 0.3 73 1500 100 0.885 15 

15 10 0.3 75 500 200 1.048 48 

16 10 0.4 70 1500 200 0.497 11 

17 10 0.4 73 500 300 0.743 36 

18 10 0.4 75 1000 100 0.873 18 

      Minitab statistical software is used to study the impact of each parameter on optimising the 

ISF-SPS process for the AISI 316L sheet. To optimise surface roughness and forming time, the 

‘smaller the better’ rule is followed. The equation for the smaller the better condition for 

optimising the forming process is shown in Eq. (1). 

 
𝑆

𝑁
= −10 ∗ 𝑙𝑜𝑔10 (𝑠𝑢𝑚

𝑌2

𝑛
)  (1) 

where n represents the number of trial runs and Y indicates the output variables such as surface 

roughness and forming time of forming process.  

3. RESULTS AND DISCUSSION 

Forming was performed for 18 combinations, and from the experimental results, the S/N ratios 

of the output responses for each parameter at various combinations were determined and are 

shown in Figs. 4 a and b. 

      Fig. 4 a shows the main-effect plot of S/N ratio on surface roughness. From Fig. 4 a, the 

surface roughness increased with increase in tool diameter because larger tool diameter 

produced higher contact and friction between the forming tool and sheet metal while increasing 

step depth increased the surface roughness because of minimum tool path overlap and formation 

of scallop at a larger scale. The surface roughness decreased as the bottom wall angle increased 

from 70⁰ to 75⁰.The surface roughness initially increased with feed rate and spindle speed 

because of higher friction and unstable material flow, but decreased at higher levels due to 

reduced contact time, thermal softening, and improved material flow. 
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Figure 4: Main effect plots for output responses, a) surface roughness, b) forming time. 

      Fig. 4 b shows the main-effect plot of S/N ratio on forming time. The forming time increased 

with increasing tool diameter, step depth, and feed rate due to the larger tool sheet contact area, 

greater incremental deformation, and increased deformation resistance during forming. The 

forming time was minimum for a larger wall angle of 75⁰ because a higher wall angle can 

increase the axial forces on thin-sheet walls, thereby reducing the forming time and increasing 

the formability of the thin sheets. In contrast, higher spindle speed reduced forming time by 

improving material flow through frictional heating and lowering interfacial friction, thereby 

facilitating faster sheet deformation. 

      From the delta value shown in Table V, the sequential order for obtaining the lower surface 

roughness value is: forming step depth, bottom wall angle, tool nose diameter, rate of feed, and 

tool rotational speed, i.e., (BCADE). For shorter forming time, the sequential order of the 

forming parameters, as shown in Table V, is: rate of feed, forming step depth, tool rotational 

speed, bottom wall angle, and tool nose diameter (DBECA). From that, it is clearly shown that 

the forming depth has a major impact on achieving a lower surface roughness value. Likewise, 

the rate of feed has contributed the most to obtaining a lower forming time. 

Table V: Response table for output responses. 

Level 
Ra FT 

A B C D E A B C D E 

1 1.075 1.242 0.867 0.979 0.959 31.67 42.5 31.83 50.5 33.5 

2 0.873 0.939 0.961 0.932 0.950 30.67 29 31.67 26 32 

3  0.742 1.094 1.011 1.013  22.05 30 17 28 

Delta 0.202 0.500 0.226 0.078 0.062 1.0 20.5 1.83 33 55.5 

Rank 3 1 2 4 5 5 2 4 1 3 

3.1  Contribution plot with respect to experimental responses 

Figs. 5 a and b show the ANOVA plot for the selected output responses. The results show that 

forming step depth makes the largest contribution of 58.54 %, followed by tool nose diameter 

14.14 % and bottom wall angle 11.99 % on-surface roughness. The rate of feed and tool 

rotational speed have minimum contributions of 1.43 % and 1.06 %, respectively, to surface 

roughness, as shown in Fig. 5 a. For forming time, the highest contributing factor is the rate of 

feed at 70.91 %, followed by the forming step depth at 25.62 %, tool rotational speed at 1.91 %, 

bottom wall angle at 0.24 %, and tool nose diameter at 0.09 %, as shown in Fig. 5 b. Table VI 

shows the contribution percentages of the input parameters to the obtained responses. 
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Figure 5: Contribution plot, a) Ra, b) FT. 

Table VI: ANOVA for output responses. 

Ra FT 

Source DF 
Seq 

SS 
Contribution 

Adj 

MS 

P-

value 
Source DF 

Seq 

SS 
Contribution 

Adj 

MS 

P-

value 

A  1 0.1840 14.14 % 0.184 0.018 A  1 4.50 0.09 % 4.50 0.470 

B  2 0.7616 58.54 % 0.380 0.001 B  2 1303.0 25.62 % 651.50 0.000 

C  2 0.1560 11.99 % 0.078 0.071 C  2 12.33 0.24 % 6.17 0.487 

D 2 0.0185 1.43 % 0.009 0.656 D 2 3607.0 70.91 % 1803.50 0.000 

E 2 0.0138 1.06 % 0.006 0.728 E 2 97.00 1.91 % 48.50 0.024 

Error 8 0.1669 12.83 % 0.020  Error 8 62.67 1.23 % 7.83  

Total 17 1.3010 100.00 %   Total 17 5086.5 100.00 %   

S = 0.144469, R–sq = 87.17 %, R–sq(adj) = 72.73 % S = 2.79881, R–sq = 98.77 %, R–sq(adj) = 97.38 % 

3.2   Regression analysis of the ISF-SPS process for AISI 316L 

The regression equation is a mathematical model to predict the response parameters at various 

levels. The regression equations for the surface roughness and forming time of the SPIF process 

with respect to AISI 316L sheet are given in Eqs. (2) and (3), respectively. 

 Ra = -0.67 – 0.1012 A – 2.497 B + 0.0443 C + 0.000031 D + 0.000269 E  (2) 

 FT = 13.03 – 0.50 A – 102.5 B – 0.342 C – 0.03350 D – 0.0275 E  (3) 

      Table VII presents the experimental and predicted results for responses, such as surface 

roughness and forming time, of the ISF-SPS process for the AISI 316L sheet. Based on the 

outcome of this predictive model, the calculated error percentage will be less than 5 %, 

indicating a highly significant fit and within the acceptable range for the predictive model. To 

benchmark the proposed approach, the obtained results were compared with those reported in 

similar studies. The present study achieved an error percentage of 2.22 % for surface roughness, 

which is lower than the 6.3 % reported by Basak et al. [25]. Similarly, the predicted forming 

time exhibited an error percentage of 2.94 %, compared with −4.40 % and 12 % reported by 

Khot et al. [26] and Liu et al. [27], respectively. The double-wall angle cones formed by using 

the ISF-SPS method are shown in Fig. 6. 
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Figure 6: Sample of double wall angle cones formed using ISF-SPS process. 

Table VII: Conformation experiments for the ISF-SPS process and its various responses. 

Response 

variable 
Optimal combination 

Predicted 

value 

Experimental 

results 

Error 

(%) 

Ra 
A - 10 mm, B - 0.4 mm, C - 70º, 

D - 1000 mm/min, E - 200 rpm 
0.505 µm 0.494 µm 2.22 

FT 
A - 10 mm, B - 0.4 mm, C - 75º, 

D - 1500 mm/min, E - 300 rpm 
1.05 min 1.02 min 2.94 

4. CONCLUSION AND FUTURE WORK 

This research work concentrates on the effect of input parameters with respect to Incremental 

Sheet Forming assisted with a Static Pressure Support on AISI 316L sheets. From the 

optimisation results, the following conclusions were arrived and finalised as below: 

1. The components with a double-wall cone angle, a constant top wall angle, and a varying 

bottom wall angle were successfully formed to a total height of 40 mm.  

2. The optimised condition for obtaining lower surface roughness is a tool nose diameter of 

10 mm, a forming step depth of 0.4 mm, a bottom wall angle of 70º, a rate of feed of 

1000 mm/min, and a tool rotational speed of 200 rpm.  

3. The optimised condition for obtaining the minimum forming time is a tool nose diameter of 

10 mm, a forming step depth of 0.4 mm, a bottom wall angle of 75º, a feed rate of 1500 

mm/min, and a tool rotational speed of 300 rpm. 

4. From the ANOVA results, it was found that the most influential parameter for the surface 

roughness response is forming step depth with a contribution of 58.54 %, followed by tool 

nose diameter of 14.14 %, bottom wall angle of 11.99 % and the remaining parameters, 

which are of minimum contribution, such as feed rate and tool rotational speed towards the 

ISF-SPS process. 

5. Likewise, ANOVA results for the forming time response, the major contribution is the rate 

of feed of 70.91 %, followed by forming step depth of 25.62 % and all other process 

parameters, which are contributing the minimal amount for the ISF-SPS process on AISI 

316L sheet. 

6. The regression analysis results clearly depict that the developed model is limited to minimal 

experimental error. The experimental results showed error percentages of 2.22 % for surface 

roughness response and 2.94 % for forming time response in the ISF-SPS process on the 

AISI 316L sheet. 

      From the overall results, the obtained results are eye-opening for converting the bench scale 

to industrial scale production. By means of industrial practices and guidelines, and the 

experimental results, the machine operator can analyse the surface feature results from the 
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developed mathematical model. Force analysis and Fracture forming limit diagrams can be 

selected as future work for the incremental sheet metal forming process on the various grades 

of stainless-steel material. 

REFERENCES 

[1] Coman, C. C.; Mazurchevici, S.-N.; Carausu, C.; Nedelcu, D. (2023). Analysis of incremental sheet 

forming of aluminum alloy, Metals, Vol. 16, No. 19, Paper 6371, 20 pages, 

doi:10.3390/ma16196371 

[2] Ma, V.-V.; Nguyen, H.-T. (2025). Effect of process parameters and optimization of forming time 

of A1050 H14 aluminum sheet using two-point incremental forming for sustainable manufacturing, 

HaUI Journal of Science and Technology, Vol. 61, No. 11, 68-75, doi:10.57001/huih5804.2025.383 

[3] Visagan, A.; Ganesh, P. (2022). Parametric optimization of two point incremental forming using 

GRA and TOPSIS, International Journal of Simulation Modeling, Vol. 21, No. 4, 615-626, 

doi:10.2507/IJSIMM21-4-622 

[4] Ouaidat, G.; Dong, H.; Zimmer-Chevret, S.; Zouhri, W.; Balan, T. (2026). Experiments-based 

surrogate modelling of the forming load evolution in robotic single point incremental forming of 

conical parts, The International Journal of Advanced Manufacturing Technology, Vol. 143, Nos. 

1-2, 231-246, doi:10.1007/s00170-026-17553-4 

[5] Visagan, A.; Ganesh, P. (2022). Experimental studies on die based two point incremental forming, 

International Journal of Vehicle Structures and Systems, Vol. 14, No. 7, 912-917, 

doi:10.4273/ijvss.14.7.17 

[6] Ganesh, P.; Visagan, A.; Ethiraj, N.; Prabhahar, M.; Sendilvelan, S. (2021). Optimization of 

pyramid shaped single point incremental forming of AA5052 alloy sheet, Materials Today: 

Proceedings, Vol. 45, 5892-5898, doi:10.1016/j.matpr.2020.08.573 

[7] Gundarneeya, T. P.; Golakiya, V. D.; Ambaliya, S. D.; Chauhan, K. K. (2022). Optimization of 

single point incremental forming process through experimental investigation on SS 304 DDQ steel, 

Materials Today: Proceedings, Vol. 57, 753-760, doi:10.1016/j.matpr.2022.02.283 

[8] Visagan, A.; Ganesh, P. (2024). A hybrid optimization approach of single point incremental sheet 

forming of AISI 316L stainless steel using Grey Relation Analysis coupled with Principal 

Component Analysiss, Journal of Wuhan University of Technology – Materials Science Edition, 

Vol. 39, No. 1, 160-166, doi:10.1007/s11595-024-2867-9 

[9] Shafeek, M.; Narayanan Namboothiri, V. N.; Raju, C. (2022). Formability analysis on titanium 

grade 2 sheets in multi point incremental forming process, Materials Today: Proceedings, Vol. 65, 

3814-3819, doi:10.1016/j.matpr.2022.06.578 

[10] Zhu, X.; Zhang, X.; Jiang, J.; Wu, X.; Liao, S.; Huang, J.; Wang, Y. (2026). An improved multi-

objective greywolf optimizer for bi-objective parameter optimization in single point incremental 

forming of Al1060 sheet, Materials, Vol. 19, No. 3, Paper 616, 27 pages, doi:10.3390/ma19030616 

[11] Oliveira Santos, R.; Pereira Ramos, V. G.; da Silva, L.; Ferronatto Leite, D. N.; Martins, C. R.; 

Moreira, L. P. (2026). Experimental investigation of formability and surface quality of tinplate 

sheets in the single-point incremental forming process, Technologia Metalurgia, Materiais e 

Mineração, Vol. 23, Paper e3322, 8 pages, doi:10.4322/2176-1523.20253322 

[12] Kumar Gandla, P.; Pandre, S.; Suresh, K.; Kotkunde, N. (2022). A critical analysis of formability 

and quality parameters for forming a dome shape using multi-stage strategies in incremental 

forming process, Journal of Materials Research and Technology, Vol. 19, 1037-1048, 

doi:10.1016/j.jmrt.2022.05.064 

[13] Oraon, M. (2022). Tool wear in the single point incremental forming, Materials Today: 

Proceedings, Vol. 56, 1738-1742, doi:10.1016/j.matpr.2021.10.454 

[14] Bedan, A. S.; Shabeeb, A. H.; Hussein, E. A. (2023). Improve single point incremental forming 

process performance using primary stretching forming process, Advances in Science and 

Technology Research Journal, Vol. 17, No. 5, 260-268, doi:10.12913/22998624/172907 

[15] Hasanlu, M.; Mokari, S. (2025). Numerical-experimental single point incremental forming of thin 

circular plate, Advanced Manufacturing Research, Vol. 3, No. 1, 13 pages, doi:10.21595/ 

amr.2025.24756 

https://doi.org/10.3390/ma16196371
https://doi.org/10.57001/huih5804.2025.383
https://doi.org/10.2507/IJSIMM21-4-622
https://doi.org/10.1007/s00170-026-17553-4
https://doi.org/10.4273/ijvss.14.7.17
https://doi.org/10.1016/j.matpr.2020.08.573
https://doi.org/10.1016/j.matpr.2022.02.283
https://doi.org/10.1007/s11595-024-2867-9
https://doi.org/10.1016/j.matpr.2022.06.578
https://doi.org/10.3390/ma19030616
https://doi.org/10.4322/2176-1523.20253322
https://doi.org/10.1016/j.jmrt.2022.05.064
https://doi.org/10.1016/j.matpr.2021.10.454
https://doi.org/10.12913/22998624/172907
https://doi.org/10.21595/amr.2025.24756
https://doi.org/10.21595/amr.2025.24756


Visagan, Ganesh, Elaiyarasan, Naveenkumar, Satthiyaraju: Experimental Investigation and … 

463 

[16] Li, R.; Wang, T. (2022). Research on single point incremental forming characteristics of perforated 

TA1 sheet, Metals, Vol. 12, No. 11, Paper 1944, 17 pages, doi:10.3390/met12111944 

[17] Almadani, M.; Guner, A.; Hassanin, H.; De Lisi, M.; Essa, K. (2023). Contactless single point 

incremental forming: experimental and numerical simulation, The International Journal of 

Advanced Manufacturing Technology, Vol. 129, Nos. 11-12, 5167-5179, doi:10.1007/s00170-023-

12401-1 

[18] Önal, Ü.; Seçgin, Ö.; Özsert, I.; Çoban, A.; Cesur, I. (2024). A new approach to multi-stage 

incremental forming method, Arabian Journal for Science and Engineering, Vol. 49, No. 11, 

15325-15334, doi:10.1007/s13369-024-08970-2 

[19] Jankovič, D.; Šimic, M.; Herakovič, N. (2024). A comparative study of machine learning 

regression models for production systems condition monitoring, Advances in Production 

Engineering & Management, Vol. 19, No. 1, 78-92, doi:10.14743/apem2024.1.494 

[20] Sevšek, L.; Vilkovsky, S.; Majernikova, J.; Pepelnjak, T. (2024). Predicting the deep drawing 

process of TRIP steel grades using multilayer perceptron artificial neural networks, Advances in 

Production Engineering & Management, Vol. 19, No. 1, 46-64, doi:10.14743/apem2024.1.492 

[21] Vosniakos, G.-C.; Pipinis, G.; Kostazos, P. (2021). Numerical simulation of single point 

incremental forming for asymmetric parts, Facta Universitatis, Series: Mechanical Engineering, 

Vol. 19, No. 4, 719-734, doi:10.22190/FUME201210046V 

[22] Vukojević, N.; Ištvanić, Z.; Hadžikadunić, F.; Gubeljak, N.; Bajtarević-Jeleč, A. (2025). Structural 

integrity of pressure vessel heads made by incremental sheet forming from high-quality steel P460 

NL1, Technical Gazette, Vol. 32, No. 4, 1560-1566, doi:10.17559/TV-20241027002097 

[23] Duflou, J. R.; Habraken, A.-M.; Cao, J.; Malhotra, R.; Bambach, M.; Adams, D.; Vanhove, H.; 

Mohammadi, A.; Jeswiet, J. (2018). Single point incremental forming: state-of-the-art and 

prospects, International Journal of Material Forming, Vol. 11, No. 6, 743-773, doi:10.1007/ 

s12289-017-1387-y 

[24] Behera, A. K.; de Sousa, R. A.; Ingarao, G.; Oleksik, V. (2017). Single point incremental forming: 

an assessment of the progress and technology trends from 2005 to 2015, Journal of Manufacturing 

Processes, Vol. 27, 37-62, doi:10.1016/j.jmapro.2017.03.014 

[25] Basak, S.; Prasad, K. S.; Mehto, A.; Bagchi, J.; Ganesh,Y. S.; Mohanty, S.; Sidpara, A. M.; Panda, 

S. K. (2020). Parameter optimization and texture evolution in single point incremental sheet 

forming process, Proceedings of the Institution of Mechanical Engineers, Part B: Journal of 

Engineering Manufacture, Vol. 234, Nos. 1-2, 126-139, doi:10.1177/0954405419846001 

[26] Khot, A. A.; Magdum, R. A.; Magdum, A. R.; Kebede, A. W.; Chinnaiyan, P. (2026). Multi-

response optimization and machine learning-based prediction of straight-groove warm incremental 

sheet forming of AZ31 magnesium alloy, Scientific Reports, Vol. 16, Paper 6432, 18 pages, 

doi:10.1038/s41598-026-37761-y 

[27] Liu, Z. B.; Li, Y. L.; Daniel, B. W J. T.; Meehan, P. (2013). Taguchi optimization of process 

parameters for forming time in incremental sheet forming process, Materials Science Forum, Vols. 

773-774, 137-143, doi:10.4028/www.scientific.net/MSF.773-774.137 

https://doi.org/10.3390/met12111944
https://doi.org/10.1007/s00170-023-12401-1
https://doi.org/10.1007/s00170-023-12401-1
https://doi.org/10.1007/s13369-024-08970-2
https://doi.org/10.14743/apem2024.1.494
https://doi.org/10.14743/apem2024.1.492
https://doi.org/10.22190/FUME201210046V
https://doi.org/10.17559/TV-20241027002097
https://doi.org/10.1007/s12289-017-1387-y
https://doi.org/10.1007/s12289-017-1387-y
https://doi.org/10.1016/j.jmapro.2017.03.014
https://doi.org/10.1177/0954405419846001
https://doi.org/10.1038/s41598-026-37761-y
https://doi.org/10.4028/www.scientific.net/MSF.773-774.137


  µ m


    S  N = − 10 ∗ l o g 10  ( s u m     Y 2  n )

