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Abstract— Incremental sheet metal forming is widely used 

and one of the well-developed manufacturing process these 

days. In ISF the parts formed have good quality, geometric 

accuracy, and ready to be used. This is the new technique as 

in the conventional forming avoiding the use of punches and 

dies it is not possible to manufacture the parts of good quality 

and it also leads to higher setup time and the manufacturing 

cost of the product is also high which is undesirable. To 

overcome these problems there is a need of process which 

reduces higher set up cost of punches and dies. In the 

conventional forming it also takes higher lead time which 

effects badly the cost and idle time. The ISF process is carried 

out with the help of a blank holder to hold the work piece and 

a hemi-spherical tool of different nose radius is utilized. A 

pre-generated tool path may be developed in CAD/CAM 

software, need to be integrated with the cnc machining center. 

To optimize the process parameters in ISF, L9 orthogonal 

array, taguchi method and ANOVA were developed for 

various process parameters such as feed rate, spindle speed, 

tool diameter, step depth[1]. The aim of this study is to 

optimize the forming time, surface roughness and geometric 

accuracy. the software MINI TAB-17 has been used for the 

analysis purpose. Analysis of variance(ANOVA)has been 

employed to investigate the characteristics and experimental 

results of the process. 

Key words: Taguchi Technique, Forming time, Incremental 
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I. INTRODUCTION 

Incremental sheet metal forming is the process in which a 

sheet metal is being deformed without the use of punches and 

dies. So as to reduce the higher lead time and output cost. 

Single point incremental forming is one of the newest and 

feasible process for rapid proto typing for manufacturing of 

small batch production. This process is carried out on CNC 

machining center, a blank holder is required to hold the sheet 

and the tool of hemi-spherical tool nose radius is being 

employed. For the forming process as the tool rotates to the 

pre-generated path, the forming is carried out. Incremental 

sheet metal forming is a highly localized deformation process 

in which a tool follows the pre-defined shape and moves over 

the sheet metal which is hold by a blank holder and forms the 

desired shape. Taguchi   technique allows a cheap and fast 

production of the products. Single point incremental forming 

has four basic elements:- 

1) A blank holder          

2) A single point forming tool  

3) A sheet metal blank holder 

4) CNC motion and tool path. 

 

 
Fig.1: Four Different configuration of ISF 

Single point incremental forming may be carried 

with or without the use of dies as it is of various types such 

as forming with partial dies, elastic die or die less forming as 

shown in the figure 1 

II. EXPERIMENTAL WORK 

A. Equipment: 

The Experiments were performed on the Emco CNC machine 

(machining center) using tools of high speed steel with hemi-

spherical tool nose of different nose radius. Bowl shape was 

drawn in one operation in order to investigate the incremental 

sheet metal forming. Geometrics were formed with the 

CAD/CAM software so that the shape which is to be drawn 

may be carried out. Fixture need to be designed to hold blank 

against overhead tool force, so that sheet metal deformation 

can take place on sheet. No specially designed tool is needed 

in ISF, as simple round ball ended tool can be used 

universally with desired  diameter  may be 8, 10,12 mm 

according to the desired shape and depending upon work 

piece material. 

 
Fig. 2: Emco CNC Machine used for ISF 
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B. Material and Its Properties:  

The material used for the present machining is Al7075 

alloy.7075 is the highest strength alloy of the commercially 

available aluminum metal, and is typically used as aircraft 

structures and gears. The mechanical properties for Al7075 

are shown in Table 1 

C. Mechanical Properties: 

The different properties of aluminum 7075 are tabulated in 

Table 1 

                                     

Properties Units 

Tensile Strength 572Mpa 

Yield Strength 530Mpa 

Fatigue Strength 159Mpa 

Shear  Strength 130mpa 

Poisson’s Ratio 0.33 

Table 1: Mechanical properties 

D. Development Of Tool: 

The hemi-spherical tool of different nose radius used during 

the machining process on the CNC machine. The tool is made 

up of high stainless steel(HSS).The nose radius of tool which 

were used during the machining were 8mm and 10mm in 

diameter. 

 
Fig. 3: tools of different nose radius 

III. EXPERIMENTAL DESIGN  

A. Taguchi Experimental Design: 

The Taguchi method was utilized to design ISF experiments 

for investigation of the effects of Process parameters on 

forming time. The Taguchi method has been widely used for 

experiment design which allows reducing the number of tests 

for optimising purpose through robust design of experiments. 

The overall objective of the method is to produce high quality 

product at low cost to the manufacturer. The experimental 

design proposed by Taguchi involves orthogonal arrays to 

organize the parameters affecting the process and to define 

the upper and lower limits of the parameters. Instead of 

having to conduct all possible combinations like the factorial 

design, the Taguchi method tests pairs of combinations. This 

allows for the collection of the necessary data to determine 

the most influential factors with a minimum amount of 

experimentation, thus saving time and resource .The general 

design steps involved in the Taguchi method in this thesis are 

as follows: 

 Define the process objective or a target value for a 

performance measure of the process. Forming time was 

chosen as the target in this design. The deviation in the 

performance characteristic from the target value was 

used to define the loss function for the process. 

 Determine the design parameters which affects the 

process. The number of levels that the parameters should 

be varied must be specified. In this study, four 

parameters of step over, feed rate, spindle speed  and tool 

diameter  were selected with varying at three levels. 

 Create orthogonal arrays for the parameter design 

indicating the number and conditions for each 

experiment. A total of 9 experiments have been designed 

in this case. 

 Conduct the experiments indicated in the completed 

array to collect experimental results. 

 Complete  data  analysis to determine the effect of the 

different parameters on the performance measure. 

S. 

N

o. 

Facto

r 
Unit 

Symb

ol 

Leve

ls 

Lev

el 1 

Lev

el 2 

Lev

el 3 

1 

Spind

le 

Spee

d 

rpm A 3 600 800 
100

0 

2 
Feed 

Rate 

mm/

min 
B 3 500 700 

100

0 

3 
Step 

depth 
mm C 3 0.2 0.3 0.4 

4 
Tool   

Dia 
mm D 2 8 10 8 

Table 2: Levels of Various Process Parameter 

B. Selection Of Orthogonal Array: 

The selection of orthogonal arrays largely depends upon the 

degree of freedom of selected process parameters. The degree 

of freedom of selected orthogonal arrays should be greater 

than or equal to the degree of freedom of the  selected process 

parameters. The degree of freedom of orthogonal arrays is 

one less than the number of experiments in the used arrays. 

The degree of freedom of selected parameters depends upon 

number of levels selected for those parameters. Suppose for 

a parameter number of levels selected are three so the degree 

of freedom associated with it is two. Taguchi’s L9 orthogonal 

array is selected which is shown below in table 3.                                       

S.NO. A B C 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

Table 3: Orthogonal array 
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IV. EXPERIMENT RESULTS 

Following nine experiments are performed by taking 

different factor combinations then below three responses are 

analysed for optimum value of process parameters which are 

shown in Table 4.  

Exp

.no. 

Factors Response 

Spi

ndle 

Spe

ed 

Fe

ed 

rat

e 

Ste

p 

De

pth 

Tool 

diam

eter 

Surfa

ce 

Roug

hness 

Dimen

sional 

accura

cy 

For

min

g 

Tim

e 

1 600 
50

0 

0.2

0 
8 1.80 98.79 96 

2 600 
70

0 

0.3

0 
10 2.05 97.93 75 

3 600 
10

00 

0.4

0 
8 2.00 97.03 52 

4 800 
50

0 

0.4

0 
10 2.65 99.30 47 

5 800 
70

0 

0.2

0 
8 2.07 98.44 96 

6 800 
10

00 

0.3

0 
10 2.45 97.54 71 

7 
100

0 

50

0 

0.3

0 
8 1.98 99.81 68 

8 
100

0 

70

0 

0.4

0 
10 2.68 98.95 93 

9 
100

0 

10

00 

0.2

0 
8 1.89 97.65 44 

Table 4: Experimental data 

V. ANALYSIS AND DISCUSSION OF RESULT 

A. Surface Roughness: 

Response table for means of surface rougness 

Level A B C D 

1 1.950 2.143 2.310 1.920 

2 2.390 2.267 2.197 2.160 

3 2.183 2.113 2.017 2.443 

Delta 0.440 0.153 0.293 0.523 

Rank 2 4 3 1 

Table 5: Surface Roughness 

B. Graph: 

Fig. 4: Effect of  process parameter on surface roughness 

   

sour

ce 

D

F 

Adj.S

S 

Adj.M

S 

F-

Val

ue 

P-

Val

ue 

%contribut

ion 

A 2 
0.000

00 

0.0000

00 
0.00 

1.00

0 
32.99 

B 2 
0.871

27 

0.4356

33 
4.26 

0.03

1 
1.02 

C 2 
0.000

00 

0.0000

00 
0.00 

1.00

0 
32.99 

D 2 
0.000

00 

0.0000

00 
0.00 

1.00

0 
32.99 

Erro

r 
18 

1.841

00 

0.1022

78 
   

Tota

l 
26 

2.712

27 
    

Table 6: Analysis of variance 

C. Geometric Accuracy: 

Response table for means of geometric accuracy 

level A B C D 

1 97.92 99.30 98.43 98.29 

2 98.43 98.44 98.29 98.43 

3 98.80 97.41 98.43 98.43 

Delta 0.89 1.89 0.13 0.13 

Rank 2 1 3.5 3.5 

Table 7: 

D. Graph: 

                     
Fig. 5: Effect of process parameter on geometric accuracy                                  

E.  Analysis Of Variance: 

Sour

ce 

D

F 

Adj.S

S 

Adj.

MS 

f-

valv

e 

p-

valu

e 

%contribut

ion 

A 2 
0.000

0 

0.000

00 
0.00 

1.00

0 
31.54 

B 2 
3.564

5 

1.782

23 
1.96 

0.17

0 
5.36 

C 2 
0.000

0 

0.000

00 
0.00 

1.00

0 
31.54 

D 2 
0.000

0 

0.000

00 
0.00 

1.00

0 
31.54 

Error 18 
16.38

96 

0.910

53 
   

Total 26 
19.95

41 
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Table 8: Analysis of variance 

F. Forming Time: 

Response table for means of forming time 

 

Level A B C D 

1 74.33 70.33 86.67 78.67 

2 71.31 88.00 55.33 71.33 

3 68.33 55.67 72.00 64.00 

Delta 6.00 32.33 31.33 14.67 

Rank 4 1 2 3 

Table 9: Formating Time 

G. Graph: 

 
Fig. 6: Effect of process parameter on forming time                                   

H. Analysis Of Variance: 

 

Sour

ce 

D

F 
Adj ss 

Adj 

MS 

F-

valu

e 

P-

Val

ue 

%contribut

ion 

A 2 0.0 0.000 
0.0

0 

1.00

0 
25.85 

B 2 
162.0

0 

81.00

0 

0.1

4 

0.86

7 
22.42 

C 2 0.0 0.000 
0.0

0 

1.00

0 
25.85 

D 2 0.0 0.000 
0.0

0 

1.00

0 
25.85 

Error 18 
10100

.0 

561.6

67 
   

Total 26 
10272

.0 
    

Table 10: Analysis Of Variance 

VI. RESULTS AND DISCUSSION 

From the above ANOVA table it is clear that surface 

roughness depends upon step depth  by 73.65%.For achieving 

better surface roughness we need to decrease the diameter of 

the tool as the tool of larger dia. Gives stress on the large 

surface area where it actually touches and hence decreases the 

surface finishing. Design of experiment using taguchi method 

tells that as we decrease the step depth the finishing of the 

formed part increases. ANOVA results shows that step depth 

is important factor of surface finish for obtaining better 

surface finishing. We need to adjust two parameter step depth 

and tool diameter. Because  surface finishing depends upon 

the contact area and contact time between tool and the sheet. 

On the other side tool diameter also affects the geometric 

accuracy as the tool with small diameter forms large stresses 

as compare to tool of large diameter. The tool having 8mm 

nose radius have 98.33% geometric accuracy as compare to 

tool of nose radius 10mm have 95.63% geometric accuracy. 

Feed rate and spindle speed does not have significant effect 

on the surface finishing and geometric accuracy. But forming 

time have a significant affect of the step depth and tool 

diameter. As we increases the step depth forming time 

reduces and the same effect is of the tool diameter as tool of 

large nose radius is used it reduces the forming time but 

greatly effects the geometric accuracy and surface finishing. 

VII. CONCLUSIONS 

A bowl shape structure was formed successfully. The 

deformation values was according to the pre-generated tool 

path defined. From the ANOVA results it is concluded that- 

1) Surface roughness depends upon step depth  by 

73.65%.and the geometric accuracy was found to be 

98.33% with tool of 8mm nose radius. 

2) Feed rate and spindle speed does not have significant 

effect on surface finishing and geometric accuracy. 

3) Forming time was reduced upto a significant level by 

using a tool of higher tool nose radius as compare to tool 

of lower nose radius. 
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