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Optimization of the Forming Parameters
in U-Bending for Punch Force
and Springback Using Taguchi Method
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Abstract Springback is a crucial factor that influences the feature of sheet metal in
the sheet metal forming (SMF). In SMF operations, springback of the component
during unloading mostly determines whether the component confirms to the design
dimensions and tolerances. The aim of the current work is to analyze the importance
of forming parameters on the responses: punch force and springback in U-Bending
of SS 304. Strip length, punch speed and lubricant with three levels each have been
considered in the current work as the forming parameters. The effects of different
process parameters on U-bending of sheet metal have been investigated by con-
ducting experiments on SS 304. Experiments have been conducted as per Taguchi’s
L9 orthogonal array. The optimum conditions have been determined based on their
effect on punch force and springback of the sheet metal.
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7.1 Introduction

The sheet metal forming method includes a mixture of elastic–plastic bending and
stretch deformation of the sheet. These deformations might prompt a lot of
springback of the formed sheet metal part. Springback represents a challenge for
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manufacturers who desires to meet specific dimensions. It is wanted to anticipate
and diminish springback with the goal that the last part dimensions can be con-
trolled however much as could reasonably be expected. Significance of the
springback calculation is noteworthy from the economical point [1]. Ayres [2]
proposed the utilization of various advance procedure to diminish springback in
stamping tasks. Liu [3] proposed to shift the holding pressure amid the forming
procedure in the way of giving tensile pre-loading to lessen the springback in the
formed component. Chou and Hung [4] considered the impact of process factors of
the strategies utilized to lessen springback by an optimization procedure for U
channel parts. Chan et al. [5] investigated on the springback effect on sheet metal
bending by considering various die-punch parameters like punch angle, punch
corner radius and die-shoulder radius by performing FEM analysis. Reche et al. [6]
studied on air bending tests by considering the effect of bending angle, sheet
thickness and loading conditions on spring back. A lot of efforts have been carried
out to eliminate the springback, most of them mainly focused on the optimization
technique by considering draw-beads, bend curvature radius, punch forces and
blank holder force [7, 8]. Maia et al. [9] investigated the U-rail to compare various
optimization techniques and prediction tools, with an aim of finding capable
strategies for springback compensation. Kakandikar and Nandedkar [10] investi-
gated the process parameters which influences the springback by using optimization
technique on automotive component. Vasudevan et al. [11] investigated on the
springback of electrogalvanised steel sheet by considering many process parameters
and also coating of the materials along with its geometrical parameters and con-
cluded that the punch speed, die opening along with sheet orientation has high
influence on the springback. Buang et al. [12] investigated on the stainless steel
sheet by considering the effect of the die and punch radii on the springback of V-die
bending process and concluded that the springback decreased by decreasing the die
and punch radii. Maske and Sawale [13] studied the optimized parameters on the
springback effect on aluminum sheet considering the effect of temperature and
gauge of the sheet and concluded that the temperature affects the springback phe-
nomenon and their optimized condition is found out. Gautam et al. [14] compared
both the numerical and experimental results of springback in 3 ply cladded sheet
metal by considering orientation of the sheet metal and concluded that the speci-
mens oriented along the transverse direction have a greater springback when
compared to the perpendicular direction.

Only very few of the earlier works have focused on the optimization of forming
parameters in sheet metal U-Bending of SS 304. Thus, the aim of the current work
is to optimize the forming parameters so as to minimize the punch force and
springback using Taguchi Method.
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7.2 Materials and Method

7.2.1 Tool and Workpiece Material

Strips made up of SS 304 with thickness of 1 mm were used for the current study.
Tables 7.1 and 7.2 shows the chemical composition and mechanical properties of
SS 304 respectively. Tools such as punch and die are made of tool steel and their
dimensions are shown in Table 7.3. The schematic illustration of tools used in the
present study is shown in Fig. 7.1. The fabricated experimental setup is attached to
the Universal Testing Machine (UTM) is as shown in Fig. 7.2. Figure 7.3 repre-
sents the deformed images of the sheet metal after measuring of springback angle.

7.2.2 Design of Experiments Using Taguchi Method

Taguchi method is used for various problems with multiple parameters due to its
practicality and robustness [15, 16]. In Taguchi method, optimization refers to the
purpose of best levels of control factors; these best levels are that which maximizes
the Signal-to-Noise (S/N) ratios. In this method, the experiments are conducted
based on Orthogonal Arrays to conclude the best levels. Strip length, punch speed,
and lubricant are the three factors were considered for the experimental outline.

Table 7.1 Chemical composition of SS 304 in wt%

C Mn Si Cr Ni P S N

0.08 2.0 1.0 18–20 8–10.05 0.045 0.03 0.1

Table 7.2 Mechanical properties of SS304 sheet metal [20]

Property E (GPa) m r (MPa) K (MPa) n R0 R45 R90

Value 210 0.3 420 1069 0.263 1.09 0.95 1.05

Table 7.3 U-bending tool
dimensions

Tool Geometry Value

Punch Width 35 mm

Nose radius 4 mm

Die width 35 mm

Draw die Die opening length 37 mm

Die corner radius 6 mm

Strip Length 75, 95 and 115

Width 35 mm
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Each factor has three levels. So L9 Orthogonal Array (OA) was shaped in light of
the three factors three-level design. The decision of a suitable OA relies upon the
measure of control parameters and its levels. To appraise the principle parameter
impacts, the design should be Orthogonal and Balanced. Taguchi has arranged
some orthogonal arrays that fulfills the over two properties for various number of
parameter-level combinations [17]. Inferable from cost and other test confinements,
in the present case, a fractional factorial plan with nine runs has been chosen out of

Fig. 7.1 Schematic
illustration used in the study
for U-bending

Fig. 7.2 Experimental setup
for U-bending
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the full factorial design, 33 = 27 runs. The combination of factors and their levels
are recorded in Table 7.4. The recorded methodology of the Taguchi appears in
Fig. 7.4. However, this technique helps in deciding the feasible combinations of
factors and recognizing the best combination. This, in turn, implies that the
resources (materials and time) required for the experiments are also minimum.

Fig. 7.3 Deformed images
after forming the sheet metal

Table 7.4 Considered
parameters and their levels

Parameters Level 1 Level 2 Level
3

Strip length (mm) 75 95 115

Punch speed (mm/
min)

5 10 15

Lubricant Engine
oil

Mineral
oil

Grease

Fig. 7.4 Robust design flowchart for Taguchi method
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7.3 Results and Discussion

The main aim of the present study is to optimize the forming parameters like strip
length, punch speed and lubricant to achieve low punch force and springback.
U-Bending test is analyzed to get a better combination of forming parameters using
Taguchi technique for a different set of combinations. Table 7.5 shows the
experimental test conditions and its responses.

7.3.1 Effect of Forming Parameters on Punch Force

The influence of forming parameters on Punch force is shown in Fig. 7.5. The
punch force increases with increase in strip length since the punch has to travel
more distance along with strip into the die. For both punch and die the contact area
is increased as the length of the strip increased, thereby the punch force increased as
the length of the strip increased. Whereas there is only a minute variation with
punch speed and lubrication on punch force. Similar results were observed from the
literature work carried out by the authors [18]. In their work lubricant does not
affect much on the punch force as the same results were observed in the present
study.

Table 7.6 represents the response for mean of means on punch force and it is
observed that the most influencing factor on the punch force is the strip length
followed by the punch speed and the lubricant. Since the punch travel is more for
longer strip length with more contact time between the tools, so the punch force
required is more for longer strips. Works carried out by different authors in the
literature obtained almost the same results.

Table 7.5 Experimental test conditions and their response values

Test
No.

Strip
length

Punch
speed

Lubricant Punch force
(kN)

Springback
angle

1 75 5 Engine oil 10.5 4.6

2 75 10 Mineral
oil

11.5 4.5

3 75 15 Grease 10.9 4.9

4 95 5 Mineral
oil

17.5 5.1

5 95 10 Grease 16.9 5.5

6 95 15 Engine oil 18.2 5.2

7 115 5 Grease 21.6 5.4

8 115 10 Engine oil 20.6 5.1

9 115 15 Mineral
oil

22.1 4.8
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Table 7.7 represents the ANOVA results for punch force. It is observed that the
strip length is the most influencing factor that affects the punch force and the
percentage of contribution is about 99%. Meanwhile, the percentage contribution of
punch speed and lubricant together is 1%.

Fig. 7.5 Parameters affect plots on punch force

Table 7.6 Response for
mean of means on cutting
force

Level Strip length Punch speed Lubricant

1 10.97 16.53 16.43

2 17.53 16.33 17.03

3 21.43 17.07 16.47

Delta 10.47 0.73 0.60

Rank 1 2 3

Table 7.7 Table representing the ANOVA of punch force

Source DF Adj SS Adj MS F-value P-value

Strip length 2 167.882 83.9411 172.09 0.006

Punch speed 2 0.862 0.4311 0.88 0.531

Lubricant 2 0.682 0.3411 0.70 0.588

Error 2 0.976 0.4878

Total 8 170.402

Model summary

S R-sq R-sq(adj) R-sq(pred)

0.698411 99.43% 97.71% 88.41%
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7.3.2 Effect of Forming Parameters on Springback

The influence of forming parameters on springback is shown in Fig. 7.6. The
springback increases with increase in strip length (18.5%) upon a length of 95 mm
and then decreases a little (7.2%) for a strip length of 115 mm. Whereas there is
only a minute variation with punch speed and also there are some interesting facts
observed with the lubricants on springback with variations for different lubricants.
Similar results have been observed by the authors in the literature [18]. Lubricants
of different viscosity had an impact on the springback in their work similarly same
results observed in the present work. The effect of punch speed on springback is not
much observed by the literature studies also [19]. Only a minute variation of
springback is observed in the present study also similar to the literature study.

Table 7.8 represents the response for mean of means on Springback and it is
observed that the most influencing factor on the springback is the strip length and
lubricant and only a minute influence by punch speed is observed. Similar results
were also observed by the literature studies.

Fig. 7.6 Parameters affect plot on springback

Table 7.8 Response for
mean of means on springback

Level Strip length Punch speed Lubricant

1 4.667 5.033 4.967

2 5.267 5.033 4.800

3 5.100 4.967 5.267

Delta 0.600 0.067 0.467

Rank 1 3 2
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Table 7.9 represents the ANOVA results for springback. It is observed that the
strip length and lubricant are the most influencing factors that affect the springback
and the percentage of contributions is about 62.5 and 36.4% respectively. Similar
results were observed with the literature studies, all the obtained results are vali-
dated with the works carried out by different authors in their works.

7.4 Conclusions

Sheet metal U-Bending was conducted on SS 304 and the forming parameters were
analyzed in terms of punch force and springback by varying the strip length, punch
speed, and lubricant. Using Taguchi method its optimum machining conditions
were determined. Using ANOVA significance parameters were defined. From the
present work, the following conclusions were drawn.

• From the statistical analysis, it is observed that strip length is the most
influencing parameter that affects both punch force and springback.

• From Taguchi, the optimum forming parameters for punch force were identified
as Strip length of 75 mm, Punch speed of 10 mm/min and engine oil as
lubricant and are validated by the experiment. The punch force for the optimum
conditions is observed as 10.4 kN.

• From Taguchi, the optimum forming parameters for springback were identified
as Strip length of 75 mm, Punch speed of 15 mm/min and mineral oil as
lubricant and are validated by the experiment. The springback angle for the
optimum conditions is observed as 4.5°.

• Obtained results of both punch force and springback are compared to the lit-
erature works and a good agreement among the results is observed.

Table 7.9 ANOVA table of springback angle

Source DF Adj SS Adj MS F-value P-value

Strip length 2 0.575556 0.287778 64.75 0.015

Punch speed 2 0.008889 0.004444 1.00 0.500

Lubricant 2 0.335556 0.167778 37.75 0.026

Error 2 0.008889 0.004444

Total 8 0.928889

Model summary

S R-sq R-sq(adj) R-sq(pred)

0.0666667 99.04% 96.17% 80.62%
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