
ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.19, ISSUE 3/2021 

34 

FORMABILITY STUDIES OF ALUMINIUM 5052 MATERIAL 

IN SQUARE HOLE FLANGING USING SINGLE STAGE SINGLE 

POINT INCREMENTAL FORMING 

Darshan Gaudani
1
, Rudreshkumar Makwana

1*,
 Bharat Modi

1
, Kaushik Patel

1 

1 
Mechanical Engineering Department, Institute of Technology, 

 Nirma University, Gujarat, India 

*Email:rudresh.makwana@nirmauni.ac.in 

 

ABSTRACT: Single Point Incremental Forming (SPIF) can be deployed for hole flanging in 

which a hemispherical headed tool is used to locally deform the sheet to form required shape. 

Hole flanging by the SPIF method is cost effective alternate to the conventional forming 

method. At present square hole flanging is carried out using multi stage SPIF strategy due to 

feasibility of successful forming. However it takes more operation time than that with Single 

Stage strategy. In this paper formability study on square hole flanging from Aluminium 5052 

sheets with precut square holes using Single Stage SPIF method has been presented. Limit 

Forming Ratio, Thickness of the flange and strain distribution have been taken as formability 

criteria 
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1 INTRODUCTION  

The prototype manufacturing involves high tool 

development cost and lead time in every 

engineering sector particularly metal forming in 

which a dedicated punch and die is required. Single 

Point Incremental Forming (SPIF) is a technique of 

forming sheet metal components with a single point 

tool without using dedicated punch and die. Many 

researchers have contributed to make this process 

acceptable to the industrial practice. It has 

advantages like high formability(Martins et al., 

2008) and simple set up. High formability can be 

attributed to the local deformation and stress 

behavior which suppresses necking and allows 

higher plain strains in the sheet metal during the 

SPIF process. It has been reported that the failure 

occurs without necking in SPIF process (Silva et al., 

2008). Hence, SPIF can be used to form various 

shapes both symmetric and asymmetric (Jeswiet et 

al., 2005). Most of the research work is done on the 

forming of conical and pyramidal shape from a thin 

sheet metal. The applicability of SPIF is 

demonstrated by a study on manufacturing of 

prosthesis using the technique (Centeno et al., 

2017).  

The sheet metal forming involves various 

operations like deep drawing, stamping, flanging 

etc. To make any forming technique ready for 

industrial applications, it is required to study the 

technique for all such operations. Hole flanging can 

be performed by using SPIF(Cui & Gao, 2010) 

technique. It is feasible to form flange from a sheet 

metal with precut hole on it. The hole flanging in 

multiple stages to achieve the final shape of flange 

is known as multistage strategy of hole flanging and 

has been explored(Cui & Gao, 2010). The strategy 

in which the flange is formed in a single stage is 

known as single stage hole flanging and it is 

feasible to use the strategy for obtaining conical 

flanges as well as straight flanges from a circular 

hole. This process has been explored and findings 

on the effect of the process parameters on 

formability of circular flanges are available 

(Borrego et al., 2016; Makwana et al., 2020). It is 

required to extend the hole flanging process to 

investigate forming of different shapes of flanges. 

Square hole flanging by multistage SPIF has been 

already studied (Cristino et al., 2015). However it 

takes more time to form the flange. To reduce the 

forming time, the square flanging can be performed 

using single stage strategy and attention is required 

to explore the method.  

In this work, square hole flanging on Aluminium 

5052 sheets has been carried out by single stage 

strategy to reduce the operation time. The Fracture 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.19, ISSUE 3/2021 

35 

Forming Limit line is constructed using Single 

Point Hole Flanging tests. The formability, in terms 

of Limit Forming Ratio and the thickness of the 

flange has been analyzed. 

 

2 EXPERIMENTAL PROCEDURES 

 

2.1 Material and Method 

 

In this research work, experiments are performed 

on Aluminium 5052 sheets which is widely used in 

aerospace applications. The sheets of 100 X 100 

mm with thickness of 1.5 mm are used to form 

square flanges. Mechanical properties of the 

material are shown in table 1. 

 
Table 1 Mechanical Properties of 1.5 mm thick 

Aluminium 5052 sheets  

Rolling 
direction 

Yield 
Strength 
(N/mm2) 

Ultimate 
Tensile 

Strength 
 

(N/mm2) 

Elongation 
% 

0º 196.45 265.17 14.38 

45 º 194.67 254.79 14.1 

90 º 197.38 271.80 14.6 
 

The first step in the process is to hold the sheet 

metal between the two holding plates and to fix it 

on the table of Vertical Machining Center (VMC). 

Then, a square hole of required size is cut by end 

mill cutter. After cutting the hole, SPIF tool comes 

to action and starts forming the flange. The step 

depth is achieved by the tool in negative Z direction 

at the distance equal to half the length of final 

flange in X direction and at Y zero. After achieving 

the Z value, the SPIF tool is traversed along the 

required square shape and the same is repeated till 

the straight flange is achieved. Here, Precut Square 

hole Length (PSL) is taken from 40 mm to 44 mm. 

The size of square of final flange (inner surface) is 

kept constant as 56 mm. The experimental setup is 

shown in fig.1. The experiments are performed by 

single stage strategy of SPIF, in which the tool is 

traversed on the final square shape required with 

decided step depth in downwards direction. Here, 

the intermediate stages with incremental angels are 

not required and the straight flange is formed 

directly. The tool path of single stage square hole 

flanging is shown in fig.2. 

 

Fig.1 Experimental Set up 

 

Fig.2 Tool path for single stage square flanging by 

SPIF  

 

2.2 Fracture Forming Limit Line and LFR 

Try Failure of sheet in SPIF process occurs by 

fracture as necking is suppressed; so, conventional 

Forming Limit Curve is not relevant to show 

formability limits (Silva, Skjoedr, et al., 2008). The 

formability is represented by FFL (Fracture 

Forming Limit line). FFL can be obtained 

experimentally by forming the sheet under different 

deformation mode and measuring strain values at 

the fracture. Based on damage mechanics, it is 

proposed that the FFL is a straight line falling from 

left to right with a slope of ‘-1’. It is also observed 

(Silva, Skjoedr, et al., 2008) that the slope of FFL 

can be between -0.7 and -1.3. The FFL can be 

obtained by various sheet metal forming tests. 

However, It is observed that the FFL can be 

obtained by SPIF tests and the same is in good 

agreement with the FFL obtained by conventional 

sheet metal forming tests (Isik et al., 2014).  

In this study, the theoretical FFL is obtained 

using following equations. 

                (1) 

                   (2) 
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   is calculated by measurement of thickness at 

failure and the initial thickness of the sheet. Then, 

using equation (2), the value of     is calculated 

with the assumption that the failure occurred in 

plane strain condition; so the value of     is 

considered as zero. The value of     is then plotted 

on the major strain – minor strain graph. The FFL is 

obtained by a line passing through this point with a 

slope of ‘-1’. 

To construct the experimental FFL, experiments 

are performed to form circular hole flange and 

square hole flange. The strain values at failure are 

calculated by measuring the major and minor axis 

of deformed circles near the fracture. The points are 

then plotted on the major strain -minor strain graph. 

FFL is obtained by making a line passing through 

the points. 

The formability in circular hole flanging is 

represented by Limit Forming Ratio (LFR) which is 

ratio of final flange diameter to precut hole diameter 

(Cui & Gao, 2010). Here for square hole flanging, 

The LFR is defined by the ratio of length of final 

flange square to the length of precut hole square. 

 

So, LFR  = 
                             

                            
 = 

  

  
 

 

In hole flanging, strain distribution and thinning 

of sheet is an important response parameter to 

study. To study the strain distribution, a circle grid 

of circles with 1 mm diameter were engraved on the 

Aluminium sheet by laser engraving. After flanging, 

the circles get deformed into elliptical shape. The 

major and minor axis of these ellipses have been 

measured using USB microscope and an image 

analyzer software. From the major and minor axis 

lengths, major strain and minor strain are calculated 

by following equations.  

 

Major strain= 
                                 

               
 

Minor strain= 
                                 

               
 

 

The thickness of the flange is measured by 

pointed anvil micrometer with least count of 0.001 

mm. 

3 RESULTS AND DISCUSSIONS 

3.1 FFL and LFR 

Experiments were performed to study the 

formability of the square flanges.  

The theoretical FFL with a slope of ‘-1’ was 

obtained by the method discussed in the section 2.2 

after measuring thickness of circular flange and 

square flange near the crack. The FFL is shown in 

fig.3. 

 

Fig.3 Strain distribution and FFL 

Moreover, experimental FFL has been plotted 

from the major and minor strains at failure of 

circular flange and square flange. The failure 

components with circular flange and square flange 

are shown in fig.4 and fig.5 respectively. The strain 

values are shown in table 2,3 and 4. A line passing 

through the failure strains represents the 

experimental FFL. The slope of the experimental 

FFL line is -0.84, which is in the range proposed by 

(Silva, Skjoedr, et al., 2008) and is in close 

agreement with theoretical FFL in this work as well 

as the FFL developed by the researchers (Isik et al., 

2014). The method, discussed in this paper, to 

obtain FFL by Single Point Hole Flanging tests can 

be used for other flanges with different shapes, 

materials and thickness. 

Fig.4 Failed Circular flange 
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Table 2 Major and Minor strain on circular flange 

PCD 31  

Sr. 

No. 

Major strain Minor Strain 

1 0.2 -0.125 

2 0.451 -0.074 

3 0.775 -0.1 

4 0.752 -0.1 

5 1.029 0.003 

Table 3 Major and Minor strain on square flange 

PSL 43 mm 

Sr. 

No. 

Major strain Minor Strain 

1 0.061 -0.312 

2 0.455 0.036 

3 0.557 0.045 

4 0.716 -0.048 

5 1.102 -0.083 

Table 4 Major and Minor strain on square flange 

PSL 44 mm 

Sr. No. Major strain Minor Strain 

1 0.05 -0.25 

2 0.252 0.025 

3 0.726 0 

4 0.83 -0.06 

5 0.92 -0.074 

Experiments were performed to find the LFR for 

Single Stage Square hole flanging on the 

Aluminium 5052 sheets with feed rate of 1000 

mm/min, step depth of 0.2 mm and without tool 

rotation. Straight flange without failure could be 

formed successfully for sheet with square precut 

hole of 44 mm length. However, the flange with 

precut hole length of 43 mm could not be formed 

successfully, tears on the edge were observed. The 

flanges are shown in fig.6 and fig.7 respectively. 

Hence, the LFR is calculated based on the 

successful flange with minimum possible precut 

hole and is worked out to be 1.27. The failure of 

sheet with PSL 43 mm occurred near the junction 

where round corner and the straight wall merge. So, 

the further analysis is carried out by comparing the 

results of flange with PSL 43 mm and PSL 44 mm 

in this zone. Straight wall of flange with PSL 43 

mm has been also studied.  

3.2 Deformation on the straight wall  

 The strains along the flange height and the 

thickness are measured as discussed in section 2 at 

the straight wall of the flange and have been 

tabulated in table 5 and 6 respectively. 

 

 

 

 

 

 

 

 

Fig.5 Straight wall of flange with PSL 43 mm 

 

It is observed that there is very little thinning 

(13%) in this straight wall zone with the least 

thickness of 1.298 mm.  This can also be 

understood from the strain developed in this zone as 

summarized in table 5. It is observed that in this 

zone, longitudinal strain is more than the 

circumferential strain. This is attributed to the 

bending of sheet and stretching in downward 

direction when the step depths is given by the tool 

It is observed that, in this zone the step marks 

are visible on the inside surface of the wall where 

step depth of the tool is introduced. 

 

Table 5 Strain distribution along the height of 

flange 

Distance from 

root (mm) 

Major Strain Minor Strain 

1.5 0.1 0.05 

3 0.175 0.05 

4.5 0.235 0.075 

6 0.126 0.1 

7.5 0.1 0.075 

 
Table 6 Thickness along the height on the straight 

wall  

Distance from root 

(mm) 

Thickness- PSL 43 (mm) 

1 1.466 

2 1.425 

3 1.362 

4 1.366 

5 1.373 
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6 1.390 

7 1.392 

8 1.333 

9 1.298 

10 1.344 

 

3.3 Deformation at merging of round corner 

and straight wall 

 

The thickness and strains along the flange height 

are measured at the junction of a round corner and a 

straight wall (failure region) and have been 

tabulated in table 7 and 8 respectively.  

 

 
 

Fig.6 Corner of Square flange with precut length 44 

mm and corner radius 5 mm

 
 

Fig.7 Corner of Square flange with precut length 43 

mm and corner radius 5 mm  

The flanges and the failure zone are shown in    

fig. 6 and fig.7. The strain distribution is presented 

in fig.3. The thickness distribution along the height 

is presented in fig.8.  

 
Table 7 Thickness along the height of flange 

Distance from 

root (mm) 

Thickness- PSL 

43 (mm) 

Thickness- 

PSL 44 (mm) 

1 1.122 1.163 

2 1.011 1.009 

3 0.9 0.91 

4 0.752 0.79 

5 0.62 0.655 

6 0.541 0.638 

7 0.661 0.669 

8 0.77 --- 

It is observed from fig.3 that near the root of the 

flange, deformation occurs in the combine effect of 

drawing and bending. As we move towards the 

flange edge, the deformation occurs under biaxial 

and near plane strain mode. The strain distribution 

is similar on both the square flanges (precut length 

43 mm and precut length 44 mm).  

 
Table 8 Strain distribution along the height of 

square flange  

Distance 

from 

root 

(mm) 

PSL 43mm PSL 44 mm 

Major 

Strain 

Minor 

Strain 

Major 

Strain 

Minor 

Strain 

1.5  0.061 -0.312 0.05 -0.25 

3 0.455 0.036 0.252 0.025 

4.5 0.557 0.045 0.726 0 

6 0.716 -0.048 0.83 -0.06 

7.5 1.102 -0.083 0.92 -0.074 

 

Fig.
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It is observed that the flange formed from PSL 

43 mm, tears at the junction area of the round 

corner and straight wall which is because of the 

excessive thinning at this zone while forming the 

flange. The failure pattern is similar to the pattern 

discussed in the literature (Cristino et al., 2015) for 

multi stage strategy of square hole flanging using 

SPIF. The failure of flange occurs because of 

unavailability of material for stretching. It is visible 

that the excessive stretching takes place at distance 

of 5mm from the root as shown in fig.8. The strain 

distribution in circumferential and longitudinal 

directions is represented in fig.9. It is noted that in 
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the lower zone, both the circumferential and 

longitudinal strain increases till the mid zone. From 

the midzone till the edge of the flange, 

circumferential strain increases and longitudinal 

strain decreases which shows high amount of 

stretching in circumferential direction; this trend 

starts at a distance of around 5 mm from the root, 

which confirms the rapid increase in major strain. 

Highest thinning (64%) on the flange is observed in 

the same zone as visible in fig.8. 

 

Fig.9 Circumferential and longitudinal strains 

 

The effect of the radius of the round corner on 

the formability i.e. on LFR and thinning can be 

further explored. 

 

4 CONCLUDING REMARKS 

From the experimental study carried out, it has 

become evident that it is feasible to form square 

flange by single stage SPIF process. From the 

experimental study following conclusions are 

derived. 

 The FFL can be established from the strain at 

failure in the components in hole flanging by 

SPIF. 

 The LFR for square hole flanging obtained for the 

material used in this study is 1.27. 

 Maximum thinning (64%) has been observed at 

the round and straight wall junction in the square 

flange with 43 mm precut hole. 

 The merging area of ‘round corner and the straight 

wall’ of the flange is the weakest portion of the 

flange as maximum thinning occurs at this place.  

 The failure of flange formed by single stage SPIF 

occurs at the edge of flange which is similar to the 

failure of flange obtained by multistage SPIF. 

 The thickness of the flange decreases from the 

root towards the edge and there is similarity 

between thickness distribution along the height at 

round corner of square flange and the circular 

flange. 

 As the radius of round corner affects the stress 

behavior and thinning in flange formed by multi 

stage, it can be further explored in single stage 

strategy as well. 

 

5 ACKNOWLEDGEMENTS 

This work is funded by Nirma University, 

Ahmedabad, Gujarat, India (vide office order no: 

NU/Ph.D/MRP/IT/2020-21)  

6 REFERENCES 

Borrego, M., Morales-Palma, D., Martínez-Donaire, 

A. J., Centeno, G., & Vallellano, C. (2016). 

Experimental study of hole-flanging by single-stage 

incremental sheet forming. Journal of Materials 

Processing Technology, 237, 320–330. 

https://doi.org/10.1016/j.jmatprotec.2016.06.026 

Centeno, G., Morales-Palma, D., Gonzalez-Perez-

Somarriba, B., Bagudanch, I., Egea-Guerrero, J. J., 

Gonzalez-Perez, L. M., García-Romeu, M. L., & 

Vallellano, C. (2017). A functional methodology on 

the manufacturing of customized polymeric cranial 

prostheses from CAT using SPIF. Rapid 

Prototyping Journal, 23(4), 771–780. 

https://doi.org/10.1108/RPJ-02-2016-0031 

Cristino, V. A. M., Montanari, L., Silva, M. B., & 

Martins, P. A. F. (2015). Towards square hole-

flanging produced by single point incremental 

forming. Proceedings of the Institution of 

Mechanical Engineers, Part L: Journal of 

Materials: Design and Applications, 229(5), 380–

388. https://doi.org/10.1177/1464420714524930 

Cui, Z., & Gao, L. (2010). Studies on hole-flanging 

process using multistage incremental forming. CIRP 

Journal of Manufacturing Science and Technology, 

2(2), 124–128. 

https://doi.org/10.1016/j.cirpj.2010.02.001 

Jeswiet, J., Micari, F., Hirt, G., Bramley, A., 

Duflou, J., & Allwood, J. (2005). Asymmetric 

single point incremental forming of sheet metal. 

CIRP Annals - Manufacturing Technology, 54(2), 

88–114. https://doi.org/10.1016/S0007-

8506(07)60021-3 

Makwana, R., Modi, B., & Patel, K. (2020). Effect 

of feed and step depth in hole flanging using single 

point incremental forming. Journal of Physics: 

Conference Series, 1706(1). 

https://doi.org/10.1088/1742-6596/1706/1/012177 

Martins, P. A. F., Bay, N., Skjoedt, M., & Silva, M. 

B. (2008). Theory of single point incremental 

forming. CIRP Annals - Manufacturing Technology, 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.19, ISSUE 3/2021 

40 

57(1),247–252. 

https://doi.org/10.1016/j.cirp.2008.03.047 

Silva, M. B., Skjoedt, M., Martins, P. A. F., & Bay, 

N. (2008). Revisiting the fundamentals of single 

point incremental forming by means of membrane 

analysis. International Journal of Machine Tools 

and Manufacture, 48(1), 73–83. 

https://doi.org/10.1016/j.ijmachtools.2007.07.004 

7 NOTATION 

                         

                              
                                        

                             

                              

 


