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Abstract

'The purpose of this experimental study is to examine the springback effect
in sheet metal forming processes. The study focuses on the impact of changing
process factors on the springback phenomena, including material thickness and
tooling geometry. A universal testing machine (UTM) and different sheet metal
samples of various thicknesses are used in the trials. Bevel protractor is used to
measure the final form and the degree of springback. Present work focuses on the
application of Taguchi-method for the optimization of responses in V-bending
process. Three different materials and forming parameters have been considered
as process parameters. The objective is to optimize the responses: punch force,
and springback angle. From analysis of variance (ANOVA), the statistical sig-
nificance of parameters as well as determining the most influencing parameter
among the three considered parameters for sound formability is found out. The
findings demonstrate that a variety of parameters, particularly sheet thickness
and material, have an impact on the springback effect. Moreover, the research
shows that altering the forming conditions and tooling geometry can significant-
ly lessen the springback impact. The results of this study can aid in the creation of
more precise and effective sheet metal forming procedures with less springback
and forming conditions.
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Introduction

The technique of creating thin metal sheets into a variety of intricate
shapes and forms is known as sheet metal forming. Manufacturing of auto-
mobile parts, electrical enclosures, home appliances, and aerospace compo-
nents all often employ sheet metal forming [1]. In sheet metal forming, a flat
metal sheet is used to create the finished shape. With plastic formation, the
desired shape is obtained without the need of machining techniques [2, 3].
As a sheet of metal is formed, a phenomenon known as “springback” takes
place as the material attempts to regain its previous shape after undergoing
plastic deformation [4]. A substantial issue for precise manufacturing might
arise if the finished dimensions of the product alter as a result of this. As a
metal sheet is bent, it contracts on the inner side of the curve while stretching
on the outside side. As a substance is crushed, it thickens while a material
is stretched, they both get thinner. The material strives to regain its initial
shape when the external force is released, which might cause the component
to spring back and produce a final shape that is not the desired shape [5, 6].
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The kind of material being produced, the bending angle, the
thickness of the material, and the applied force are some of
the variables that might affect the spring back effect [7, 8].

For a precise prediction of springback, researchers
found that the Bauschinger effect, which is characterized
by yearly re-yielding during reverse deformation, should
be taken into account [9]. Large-strain cyclic plasticity has
been experimentally examined by a number of researchers
[10], while additional research on reverse deformation fol-
lowing plastic deformation has been published [11, 12]. To
anticipate spring back analytically, Yi et al. [13] developed
a model based on differential strains computed for six pos-
sible deformation patterns after release from the maximum
bending stress. The effects of punch profile radius and lo-
calized compression on springback in V-bending of high
strength steel were examined by Gautham et al. [14] using
the Taguchi technique. The investigation’s goal was to carry
out an experimental test to determine how punch corner
radii affected springback during free V-bending operations.
Localized compressive stresses on bend curvature were em-
ployed to account for springback by adding localized com-
pressive pressures between the punch and the die. For the
purpose of bending high-strength sheet metal with thick-
nesses of 0.85, 1.15, and 1.55 mm, “V”-shaped dies and
punches of six numbers with the requisite tolerances were
manufactured with a 90° included angle.

Wang et al. [15] used a force-displacement, split-con-
trol, multi-point forming approach to research the more
common springback of the sail surface. The thickness, form-
ing force, and curvature of the plate were studied numeri-
cally using the ANSYS software. Depending on the degree
of springback in two distinct curvature directions, different
sail surface and radius parameters have variable impacts.
After the development of the sail surface, the two spring-
back sail surfaces of the two sail forms interact. As a result,
the quantity of springback with a small radius of curvature
is significantly influenced by the springback in the direction
with a huge radius. As plate thickness rose, the large-radius
curve’s orientation saw an increase in forming force. Zhang
[16] applied theoretical analysis, computational modeling,
and verification by experiment to investigate the spring-
back compensation of elaborately curved surfaces in multi-
point forming and to propose a springback compensation
technique. A complex curved surface with the right form
was produced by computing the springback compensation
surface. This method showed strong predictive outcomes
and was used to correctly manufacture curved objects. Ad-
ditionally, there is a tonne of practical use for this method.

The springback problem is typically resolved using one
of two methods [12]. One of the methods is removing the
die after forming. The other method is by replacing it with
the reaction force at contact, then performing repetitive cal-
culations until the contact force is zero, or by allowing the
die to move in the opposite direction after forming until
the punch is fully released. The second method is more effi-
cient and has a wider variety of uses since, unlike the first, it
can also compute the trimming springback. Both methods
yield results that are nearly equivalent. Yang et al. [17] use

of adaptive control of springback in free bending blends
process test techniques and general theoretical prediction.
Real-time measurement of the curve produced by the force
due to bending and displacement of punch at the part’s fi-
nal bend was a crucial component of their technology. This
strategy almost eliminates the dispersion of material attri-
butes by adding process testing into the production process.
By doing this, the error prediction by the springback was
brought on by material dispersion attributes is substantially
eliminated. It has recently been successful to analyze sheet
metal springback issues and multi-point forming processes
using artificial neural network techniques. By researching
springback control of components, Jamli and Farid [18] ap-
plication of neural network theory to sheet metal forming
reduced the susceptibility process of the material variables
and friction status. The Springback is impacted by a number
of factors during the sheet metal forming process. A neural
network might be able to handle the complexity of the finite
element analysis. Plate anisotropy was taken into account
in Liu et al. [19] research was on prediction of multi-point
shaping springback method for a double-curved workpiece.
Elghawail et al. [20] explained a special method for figuring
out and managing the springback in influence on the work-
pieces, when doing multi-point shaping.

Only a relatively small number of earlier works have
optimisation of forming parameters in sheet metal V-bend-
ing as their main emphasis. Therefore, the current work’s
goal is to optimise the forming parameters while also tak-
ing different sheet metals into account. The present work
focuses on the application of Taguchi-method for the opti-
mization of responses in V-bending process. Three different
material and forming parameters have been considered as
the process parameters. The objective is to optimize the re-
sponses: punch force, and springback angle.

Experimentation

Materials

'The current investigation employed strips with a 1 mm
thickness constructed of AA 6061, brass, and mild steel.
The chemical makeup and mechanical characteristics of
AA6061, brass, and mild steel are shown in table 1 and
table 2, respectively. Tools constructed of EN31 include
punches and dies with various configurations, and their 3D
models are seen in figure 1 and figure 2, respectively. The
bending process took place at the UTM. The constructed
experimental setup, which had been knurled was secured
into the top jaw of the UTM and the die was placed on the
lower jaw, is attached to the UTM as shown in figure 3. To
prevent any clearance issues or unequal bending, the die and
punch were positioned precisely so that they fit together.
The sheet metal strip is then measured and positioned
precisely in the horizontal center of the die. When the
punch is loaded, the sheet metal begins to bend at different
angles into the die with the appropriate punches.

The authors considered three different bending angles
in order to conduct the experiment i.e., 45°, 50° and 60°.
The experiment’s design also takes into account the strips’
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Table 1: Chemical composition of the sheet materials [21-23].
£l . Amount (wt.%)
emen AA6061 Brass Mild steel
Aluminum 96.85 0.03 -
Magnesium 0.9 - -
Silicon 0.7 - 0.007
Iron 0.6 0.1 99.68 -
Copper 03 567 - Figure 1: 3D modeled punches of (a) 45 degrees, (b) 50 degrees, and (c)
pp. - - 60 degrees.
Chromium 0.25 - 0.043 - J
Sulphur - - 0.014
/~ N\
Phosphorus - 0.02 0.009 -
Zinc 0.2 39.85 -
Lead - 3 -
Titanium 0.1 - -
Tin - 0.02 -
Manganese 0.05 - 0.196
Nickel - 0.08 0.013 Figure 2: 3D modeled dies of (a) 45 degrees, (b) 50 degrees, and (c) 60
Molybdenum - - 0.015 | degrees )
Carbon - - 0.017
Others 0.05 - - (' )
N\ /
/, | . | N\
Table 2: Mechanical properties of sheet materials [24, 25].
Sheet | Yield stress | Youngs modu- | Density | Poisson’s
material (MPa) lus (GPa) (kg/m?) ratio
AA6061 235 69 2700 0.33
Brass 280 127 8670 0.32
Mild steel 140 193 7840 0.27
- J

thickness and breadth of the sheet metal. To conduct the
bending operation, three distinct widths 35 mm, 50 mm,
and 60 mm along with 1 mm thickness areused in the pres-
ent. Later, the angle of the sheet metalis measured using
a bevel protractor within few seconds to obtain the value
of springback. Load applied on the sheet metal to bend is
noted from the UTM.

Design of experiments using Taguchi

Taguchi experimental designs are widely used in
manufacturing industry to study the effect of process
parameters with minimum number of experiments.
Orthogonal arrays are employed for design of experiments.
In the present work, material, die angle and sheet width are
considered as process parameters. Each of the parameters
is considered with three levels. The design should be
balanced and orthogonal in order to estimate the most
significant parameter impacts. For various parameter-level
combinations, Taguchi has set up a few orthogonal arrays
that meet the aforementioned criteria [26, 27]. The suitable
orthogonal arrays, which satisfies the required degree of
freedom, is L, (3%). Thus, the experiments are conducted as
per L, orthogonal array as shown in table 3, with uncoded
levels of parameters. Experimentation is conducted setting
the row conditions of table 3, and values of the response
variables are computed and noted down.

Results and Discussion

By improving the process parameters, the primary goal

\Figure 3: Experimental process and the angle measurement. )

of this study is to decrease the punching force and elastic
force in the V-bending process. Following the measure-
ment of the elastic angle, figure 4 depicts the plate’s defor-
mation image.

Effect of forming parameters on springback

Figure 5 illustrates how process factors affect springback.
With a percentage of 67.8%, sheet material is seen to have a
significant impact on spring back, followed by sheet width
with a percentage of 33.3% and die angle with a percentage
of 1.68%.The springback is seen to be greatest for AA6061,
next brass, and then mild steel. With a reduction in sheet

width, the springback rises. The springback is observed to
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/Table 3: Considered parameters and their responses. h
TestNo.| M | Da|sw | Seonsbuck | Bndig
1 AA6061 (1) 45 | 35 5.0 74
2 AA6061 (1) 50 | 50 4.5 68
3 AA6061 (1) 60 | 60 4.5 62
4 Brass (2) 45 | 50 4.0 78
5 Brass (2) 50 | 60 3.5 72
6 Brass (2) 60 | 35 4.5 80
7 Mild steel (3) | 45 | 60 3.0 82
8 Mild steel (3) | 50 | 35 3.9 88
9 Mild steel (3) | 60 | 50 3.5 79
- /
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Table 4: ANOVA of spring back.
Source DF Adj SS AdjMS | F-value | P-value
Regression 3 3.18219 1.06073 88.34 0.000
M 1 2.16000 2.16000 179.90 | 0.000
DA 1 0.05365 0.05365 4.47 0.088
SW 1 0.96854 0.96854 80.67 0.000
Error 5 0.06003 0.01201
Total 8 3.24222
Model Summary
S R? R? (adj) R? (pred)
0.109575 | 98.15% | 97.04% 93.64%
- /
7, . M\
Table 5: Response table for means of spring back.
Level M DA SW
1 4.667 4.000 4.467
\Figure 4: Deformed samples after forming the sheet metal. ) 5 4.000 3.967 4.000
3 3.467 4.167 3.667
([ ) Delta 1.200 0.200 0.800
Main Effects Plot for Means Rank 1 3 2
Dt Mears ")
M ] oA | ]
L8] l Ve ~
' Main Effects Plot for Means
4.50 P [hata Means
| M Da W
= 1]
é 425 1 "
® b
é 400 g - = i L] ) - l
1 [ .
ars 2 g
. : L b
-] T .
150 % =
1 2 3 5 50 50 3 0 5 »
\Figure 5: Spring back parametric affect plot. ) »
J
be less for die angle 50°, when compared to 45° and 60°. The [
amount of springback that occurs when a sheet rnetat.l PAItis | e 6: Punch force parametric affect plot.
formed depends on the material properties, sheet thickness, - /

tooling geometry, and bending process. In general, materials
with a higher yield strength will exhibit more springback,
while materials with a lower yield strength will exhibit less
springback.

Table 4 presents ANOVA of springback. Table 5 shows
the reaction for the mean of means on springback, and it
can be seen that the sheet material and sheet width have
the most effects on springback, with die angle having a
much less impact.

ANOVA of springback

Springeback angle = 6.148 — 0.6000M/ + 0.01238D4 —
0.03193SW (1)

Effect of forming parameters on punch force

Figure 6 illustrates how process factors affect punch
force. With a percentage of 70.1%, sheet material is seen to
have a significant impact on punch force, followed by sheet

width (24%), and die angle (5.74%). Punch power is seen
to be greatest for mild steel, next brass, and then AA6061.
"The punch force is increasing with increasing sheet width.
"The punch force is observed to be less for die angle 607,
when compared to 45° and 50°. The amount of punch force
required for the sheet metal part to form depends on the
material properties, sheet thickness, tooling geometry, and
bending process. In general, materials with a higher strength
will require more punch force, while materials with a lower

yield strength will require less punch force. Table 6 presents
ANOVA of punch force.

ANOVA for punch force
Punch force = 92.28 + 7.500M - 0.2810DA - 0.3491SW (2)

The response for the mean of means on punch force is
shown in table 7, and it is evident that sheet material and
sheet width have the biggest impact, with die angle having
a considerably smaller impact.
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Table 6: ANOVA of punch force. Table 7: Response table for means for punch force.
Source DF Adj SS AdjMS | F-value | P-value Level M DA SW
Regression 3 480.919 160.306 100.57 | 0.000 1 68.00 78.00 82.00
M 1 337.500 337.500 211.74 | 0.000 2 78.00 76.00 75.00
DA 1 27.627 27.627 17.33 0.009 3 83.00 75.00 72.00
SW 1 115.792 115.792 72.65 0.000 Delta 15.00 3.00 10.00
Error 5 7.970 1.594 Rank 1 3 2
- J
Total 8 488.889
/, N\
Model Summary Table 8: Comparison of predicted and experimental values of both the
S R? R? (adj) R? (pred) responses.
1.26250 98.37% | 97.39% 93.59% Sheet | Die | Sheet . R o
| ) Response material | angle | width Experimental | Predicted | Exror %
Spring
Confirmation tests back 3 S0 | 60 35 30 3
. . . Punch
Trials experiments were conducted at the optimal fg:cce 1 60 | 60 63 61.9 1.6

combination of process parameters and the results were noted
down. The results that were found were compared to what the
regression equation predicted would happen. The results of
both the predicted and the obtained is shown in table 8. The
error of both results is within the limits.

Conclusions

By adjusting the sheet material, die angle, and sheet
width, sheet metal V-bending was performed on a UTM,
and the forming parameters were evaluated in terms of
punch force and springback. The Taguchi method was used
to define its ideal circumstances. To identify the import-
ant parameters, an ANOVA was employed. The research’s
current findings are as follows. According to the statistical
study, sheet material has the most impact on punch force
and springback.

e 'The experiment confirms Taguchi’s findings that
AA6061 sheet material, a 60° die angle, and a 60
mm sheet width are the ideal forming conditions for
punch force. The punch force is found to be in ideal
circumstances.

e Taguchi identified mild steel sheet material, a 50° die
angle, and a 60 mm sheet width as the best forming
parameters for springback, and the experiment
supports his findings. In the best-case scenario, we can
observe what the punch force isless than 5% for both
springback and punch force.
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