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ABSTRACT
This paper deals with the optimization of tools geometry in sheet metal forming
U-bending in order to reduce the equivalent strain, equivalent stress, and thickness
change after forming. Free form surface method (Bezier curve, B-spline curve, and
NURBS curve) is used to generate the die and punch profile; this technique is accurate
to describing the die and punch profile. A 3D numerical simulation using the Ansys
12.1 FEM code was conducted to understand the effect of die profile in final product.
The results show that the more uniform distributions in strain, stress, and thickness
when using same profile radius for die and punch (Bezier curve).
Keywords: U-bending, free form surface, FEA.

ﺘﺤﻠﻴل ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻤﺤﺩﺩﺓ ﻟﺼﻔﻴﺢ ﻤﻌﺩﻨﻲ ﻤﺤﻨﻲ ﻋﻠﻰ ﺸﻜل ﺤﺭﻑ
 ﺒﺄﺴﺘﺨﺩﺍﻡ ﺸﻜل ﺍﻟﺴﻁﺢ ﺍﻟﺤﺭU
ﺍﻟﺨﻼﺼﺔ

ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺘﻡ ﺩﺭﺍﺴﺔ ﻫﻨﺩﺴﻴﺔ ﺍﻟﻌﺩﺓ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺍﻟﺸﻜل ﺍﻟﻤﺜﺎﻟﻲ ﻟﻌﻤﻠﻴﺔ ﺍﻟﺤﻨـﻲ ﻋﻠـﻰ ﺸـﻜل

 ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﺴـﻁﻭﺡ. ﻭﺫﻟﻙ ﻟﺘﻘﻠﻴل ﺍﻻﻨﻔﻌﺎل ﻭﺍﻻﺠﻬﺎﺩ ﻭﺍﻟﺘﻐﻴﺭ ﺒﺎﻟﺴﻤﻙ ﻟﻠﻤﻨﺘﺞ ﺍﻟﻨﻬﺎﺌﻲU ﺤﺭﻑ
 ﺘـﻡ.ﺍﻟﻤﻌﻘﺩﺓ ﻟﺘﻭﻟﻴﺩ ﺍﻟﻤﻨﺤﻨﻰ ﻟﻠﻘﺎﻟﺏ ﻭﺍﻟﺨﺭﺍﻤﺔ ﻭﻫﺫﻩ ﺍﻟﺘﻘﻨﻴﺔ ﺩﻗﻴﻘﺔ ﻟﻭﺼﻑ ﺸﻜل ﺍﻟﻤﻨﺤﻨﻰ ﻟﻠﻘﺎﻟﺏ ﻭﺍﻟﺨﺭﺍﻤﺔ
ANSYS ﺘﻤﺜﻴل ﻋﻤﻠﻴﺔ ﺍﻟﺤﻨﻲ ﺒﺄﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻤﺤﺩﺩﺓ ﺍﻟﺘﻲ ﺘﻡ ﺘﻨﻔﻴﺫﻫﺎ ﺒﺄﺴـﺘﺨﺩﺍﻡ ﺒﺭﻨـﺎﻤﺞ
 ﺘﻡ ﺘﻤﺜﻴل ﻋﻤﻠﻴﺔ ﺍﻟﺤﻨﻲ ﺒﺄﺴﺘﺨﺩﺍﻡ ﻤﻭﺩﻴل ﺜﻼﺜﻲ ﺍﻻﺒﻌﺎﺩ ﻭﺫﻟـﻙ.( ﺍﻟﺨﺎﺹ ﺒﺘﻘﻨﻴﺔ ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻤﺤﺩﺩﺓ12.1)
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 ﻭﻤﻥ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺘﻲ ﺤﺼﻠﻨﺎ ﻋﻠﻴﻬﺎ ﻴﻜﻭﻥ ﺍﻻﻨﻔﻌﺎل ﻭﺍﻻﺠﻬﺎﺩ.ﻟﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﻤﻨﺤﻰ ﺍﻟﻘﺎﻟﺏ ﻋﻠﻰ ﺍﻟﻤﻨﺘﺞ ﺍﻟﻨﻬﺎﺌﻲ
(ﻭﺍﻟﺘﻐﻴﺭﺒﺎﻟﺴﻤﻙ ﺍﻜﺜﺭ ﺍﻨﺘﻅﺎﻤﺎﹰ ﻋﻨﺩ ﺍﺴﺘﺨﺩﺍﻡ ﻨﻔﺱ ﺍﻟﻤﻨﺤﻨﻰ ﻟﻠﻘﺎﻟﺏ ﻭﺍﻟﺨﺭﺍﻤﺔ )ﻤﻨﺤﻨﻰ ﺒﻴﺯﺭ
INTRODUCTION
haping materials without removing any chips around a definite axis through or
without heat is called bending. Bending is the process of placing a sheet of metal
over the matrix on the press bed where the sheet is bent around the tip of the
punch as it enters the die. Bending dies are the setup, proper to the required piece
shape, consisting of a female die and punch, and making permanent changes on
steel sheet material the terminology used in bending is shown in Figure ( 1.a) [1, 2].
Since all materials have limited elastic modulus, when load acting on plastic
deformation is relieved from the material, it is followed by several elastic improving.
In bending process, elastic limits of materials are exceeded, but flow limit thereof
cannot be exceeded. Therefore, the material still keeps a portion of its original
flexibility character: When the load is released, the material on forcing compress side
tries to enlarge, whereas the material on tensile side tries to shrink. As a result, the
material tries to springback and the bended material by flexing slightly tries to open.
This is indicated in Figure ( 1.b). And if noticed, it can be seen that the last bending
angle following springback is smaller and the last bending radius is larger than the
previous ones. (Rs > Rb) [2].
Literature survey shows that considerable amount of researches are reported on
modeling (including analytical, empirical and FE) and analysis of V-bending, Ubending, air V-bending etc. Few important literatures are briefly discussed here.
Nowadays, with the advent of computation technology, sheet metal bending processes
can be analyzed prior to experiments using the finite element method. W.M. Chan,
H.I. Chew, H.P. Lee, and B.T. Cheok[4]. Presents finite element simulations to study
the effect of spring-back with the variation of different die–tool parameters. The type
of bending process is V-die bending with one clamped end and one free end.
Parameters varied are the punch radius, punch angle and die-lip radius. The analysis
shows that spring-back angle of the valley region decreases with increment of punch
radius and punch angle. Spring-back is dependent on punch radius, punch angle and
die-lip radius. Rahul k.Verma and A.Halder [5] reported the effect of anisotropy on
springback using FEA; analytical model was developed to crosscheck the trend
prediction by FEA. They concluded that higher the anisotropy, higher the springback
and FEA result shows the minimum springback for isotropic material. An analytical
model for predicting sheet springback after U-bending is proposed by Zhang
Dongjuan et al [6]. The results show that the springback can be reduced effectively by
increasing the blank holding force and friction between sheet and die. And the
springback increases with anisotropy and friction between sheet and punch, and
decreases with the sheet thickness. A new optimization method for V and U bending
processes is presented by L.C. Sousa et al [7]. This method integrates a genetic
algorithm and a commercial finite element sheet metal simulation. The genetic
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algorithm is a developed FORTRAN code and the finite element analysis is carried out
using the commercial code ABAQUS. The result shows that the genetic approach is
efficient and gives promising results.
FREE FORM SURFACE
Bézier curves:Bézier curves were developed by Pierre Bézier and have its origins in the
automobile industry for use in the design of Renault automobile bodies. A Bézier curve
can be fitted to any number of control points, but cubic (with 4 control points) is the
most common one (see figure 2). Each control point affects the curve globally, which
is the main drawback. Cubic Bézier curves are defined by the positions of the curves’
end points together with two more points, usually not on the curve, to indirectly define
A Bezier curve of degree n is a polynomial interpolation curve defined by ( n + 1 )
points defining the Bezier control polygon. The interpolation basis functions used in
Bezier interpolation are the Bernstein polynomials defined for degree n as:-

Pi n (u ) = ( in )t i (1 − u ) n −i
Where the binomial coefficients are given by:-

( )=
n
i

n!
i!(n − i )!
0 else

if 0 ≤ i ≤ n

The parameter t is in the range [0, 1] and there are ( n + 1 ) polynomials defined for
each i from 0 to n. The Bezier curve is therefore defined over the interval [0, 1] as:
n

b(u ) = ∑ biPi n (u )

… (1)

i =0

Where ( bi ) are the control points defining the Bezier polygon. A recursive algorithm
defined by de-Casteljau, calculates for a given control polygon the point that lies on the
Bezier curve for any value of t, and can be used to evaluate and draw the Bezier curve
simply, without using the Bernstein polynomials [10].
B-spline curves
The term B-spline is short for basis spline and was coined by Isaac Jacob
Schönberg from Romania in 1946. In 1973 the theory of B-spline was applied to a
curve definition by Gordon and Risenfeld. A B-Spline consists of one or more
polynomialv curves glued together, i.e. it is said to be piecewise polynomial curve. B-
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spline curves are a generalization of Bézier curves where each polynomial piece is a
Bézier curve [8].

Ni,k (u) =

(u − u)
(u − ui)
Ni,k−1 (u) + i+k
Ni+k,k−1(u)
(ui +k−1 − ui)
(ui+k − ui+1 )
Ni ,1(u ) =

.....( 2)

1 if ui ≤ u ≤ ui + 1
0 otherwise
u min ≤ u ≤ u max
2 ≤ k ≤ n +1

P (u )
Ni ,k
B
k
n +1
U

Point on the curve along the control points.
Basis function.
Control polygon coordinate in Euclidean coordinates.
Order of the curve. The degree is k − 1 .
Number of control points.
Knot vector. U ={ ui ≤ ui + 1 }, U = n + k + 1 .

NURBS Curve
Non-Uniform
NU
R
Rational
B-Spline
BS

Knot vectors with (possibly) uneven spaces
Use of weights.
Basis-functions, piecewise local curves.

Non-Uniform Rational B-Spline (NURBS) curves are a generalization of BSpline curves.The definition and differences of non-uniform rational and non-rational
B-splines. The name might indicate that there are four main combinations of BSplines. B-Splines are usually said to be rational or non-rational and (open) uniform, or
(open) non-uniform. A closed curve is less usual [8]. NURBS are represented
parametrically with the following equation [9]:
n

∑N
C(u)=

i =0
n

i ,k

∑N
i=0

(u )wiPi
.….(3)

i ,k

(u ) wi

Where Ni , k (u ) is the blending function defined by the recursive formula:
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Ni ,0 ( u ) =

1 ui ≤ u ≤ ui + 1
0 otherwise
1
(u i +1 − u )
(u − ui)
Ni ,k −1 (u ) +
Ni +1, k −1(u )
Ni ,k (u ) =
(u i + k −1 − ui )
(u i + k − u i +1 )
Where [ ui ,..., u i + k ] is the knot vector; ( u ) is the parameter, C (u ) is the vector to
point defined at some value of ( u ), ( Pi ) is the control points, in 3D cases, Bi{Xi,
Yi,Zi}T, ( n ) is the number of control points, and we is weight factors [9].
MATERIAL
The material used in all simulation is low carbon steel (1008-AISI), where this type
is used for stamping applications, such as, automobile bodies, engineering application
and other applications. To determine the material properties in the sheet, specimen was
tested using a tensile test machine type (Winwdw electronic universal testing
machine). Figure (3) shows the relationship between true stress-true strain curves for
low carbon steel. Table 1 shows the mechanical properties for low carbon steel.
Table (1) the material properties.
Parameters
Young’s modulus (E)
Tangent modulus (E t)
Yield strength (σy)
Poisson’s ratio (ν)
Thickness (t)

Units

Value

GPa
GPa
MPa
__
mm

200
0.5
250
0.3
2

U-BENDING SIMULATION.
The numerical simulation of forming processes has become a very efficient tool
for the design of forming operations and it is widely used in industry. The analysis is
carried out using the commercial FEA software Ansys 12.1. The 3D 8-NODE
.structural solid element of solid 45 was used for workpiece (blank). The tools are
modeled by analytical rigid surfaces for rigid (tool set)-flexible (blank) contact, 3D 8node quadrilateral target elements of TARGE170 were used, to represent 3D target
(tool set) surfaces which were associated with the deformable body (blank) represented
by 3D 8-node contact elements of CONTA174., as the computational time spent by the
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contact algorithm is smaller than that spent by using rigid surfaces formed by element
faces. Automatic contact procedure in Ansys 12.1 was used to model the complex
interaction between the blank and tooling.
The problem is symmetric about a plane passing through the centre of the punch
and only half of the cross-section is modeled. The U-bending process is essentially
plane strain problems because the width of the blank is much larger than its thickness.
A schematic diagram of the U-bending process with geometric parameters is shown
in Figure (4) and Figure (5) show profile punch and die by using 3D free form surface
technical.
The frictions coefficients between all contact surfaces were 0.125. The punch was
allowed to move into the die cavity with a uniform velocity. The finite element model
is shown in Figure (6).
Successive stages of the bending sheet for varying punch stroke (displacement) are
shown in Figure (7).
RESULTS AND DISCUSSION
To investigate the effect of die profile radius on FE model, Hill's48 yield criterion
was used, three types of die corner radii (Bezier curve, B-spline curve, and NURBS
curve), with punch profile radius (Bezier curve), μ0.1 blank size 120mm×50mm were
chosen, see Figure (8)
Figure (9) shows the variation in the bending force with the punch stroke under
different die corner radii. It is noted from the figure that the bending force increases
with decrease in die profile radii under constant punch profile radius, due to an
increase in process work by plastic bending and unbending over the smaller die profile
and reach the maximum value when the die profile radius is
B-spline curve .
Figure (10) shows the effect of die profile radius on thickness distribution over
the wall completely bent part. It is clear from the figure that initial blank thickness
(to = 2mm) at the region of flat bottom face of the punch is small change of thickness
occurs, this is because the flat face of the punch is in contact with blank, and due to the
bending force, friction comes into play which prevents deformation of the metal under
the punch. At the punch corner thinning will occurs, this happens because of stretching
by tensile stress. It is seen obviously that the thinning increases with decreasing die
corner radius, and maximum thinning (at reasonable value, more than 1.4%) occurred
at smallest die profile radius (B-spline curve).
Figure (11) shows the equivalent strain distribution over the wall completely bent
part. It is evident from the figure that the equivalent strain has a tensile behavior since
it is the resultant of the three strains (transverse strain, thickness strain, and
longitudinal strain); under punch profile the equivalent strain increases due to severe
deformation in this area and reach maximum value when using small die profile radius
(B-spline curve), and also It is clear that the equivalent strain increases with decreasing
thickness.
Figure (12) represents the effect die profile radius on the equivalent stress over
the wall completely bent part. It is noted from figure, equivalent stress has a tensile
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behavior and the equivalent stress reaches the maximum value at the punch corner
region when using small die profile radius (B-spline curve). It is noted from the figure
that the best uniformly distributed and smallest value of equivalent stress, is the when
using die profile radius Bezier curve with punch profile radius Bezier curve.
CONCLUSIONS
The effect of die profile radius by using free form surface was studied from which
the following conclusions can be drawn:
1. The bent part wall thickness, strains, and stresses distributions are more
uniform when using same profile radius for die and punch (Bezier curve).
2. The maximum thinning (at reasonable value, more than 1.4%) occurred at
smallest die profile radius (B-spline curve).
3. The graphics of thickness, strains, and stresses for die profile radius Bezier
curve and NURBS curve is nearly same.
4. From the results that the highest value for stress and strian appears to be a
good of success or failure of the process of bending, because the measure of
the thickness, strain and stress are an important measures during the bending
process.
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Figure (1) (a). Bending terminology, (b).Springback formed
following bending [2, 3].

Figure (2) Smooth curve [8].
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Figure (3) True stress-true

Figure (4).Schematic diagram of U-bending

Figure (5) The model generation by free form
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Figure (6) The finite element model of U-bending

Figure (7) Sequences of U-bending
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Figure (8) The die and punch profile by using free form surface.
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Figure (9) The effect of die profile on punch force
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Figure (10) The effect of die profile on the wall thickness.
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Figure (11) The effect of die profile on the equivalent strain.
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Figure (12) The effect of die profile on the equivalent
stress.
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