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ABSTRACT:- In this study a numerical procedure was proposed for the design a die
bending to study the effect of springback which influences the bending process and its
relationship with other parameters such as friction coefficient, bending load, die geometry,
sheet thickness, Young modules, and stress level. Using available finite element program
code( ANSYS .11) 3- Dimension ax symmetric model of semi conical shells was used to
solve problems with material and geometric nonlinearities including large elastic- plastic
strains and obeying bilinear isotropic hardening law. The result compared with analytical
solution and showed that the best bending variables for producing completely product
without failure are found as initial bending force = 12 KN, coefficient of friction = 0.1, the
cone angle = 30 deg. So the springback increases inversely with young modulus and is
normally compensated for by over bending the part also can bend at elevated temps to
minimize springback A high value of stress and strain appears to be a good indicator to assess
whether forming operation will be successful or not. The theories results were compared with
Numerical solution and showed that a good agreement was compared with old research
KEYWORDS: Springback .Die bending . Bending Process of Shells.

NOMENCLATURE

E Young’s (elastic) modulus Mpa

Et Tangent modulus Gpa
Yield stress Mpa

Bf Bending force KN

M Bending moment N.m

n Strain hardening exponent

Ri. Internal radius of the bemd mm

Rm. Mid-surface radius mm

Rf Final Punch (Die) Radius mm

t Sheet thickness mm

0 Bend angle deg

%) Cone angle deg

mf Friction coefficient

v Poisson’s ratio

o True stress Mpa

ri Inner plate radius mm
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ro Outer plate radius mm
0,,9,,0, Normal stress in x,y,z-direction N/mm?
K Springback percentage

1- INTRODUCTION

In metal forming, a piece of material is plastically deformed between tools to obtain the
desired product. A special class of metal forming concerns the case where the thickness of the
piece of the material is small as compared to the other dimensions, i.e. sheet metal forming
which is widely used in production process ‘. In spite of the Great developments achieved in
plate die -bending it's to be noticed that this process is not satisfactorily studied * ¥. In the
analysis to bending in U-shaped die showed that especially from the theoretical point of view,
because of the mathematical difficulties, empirical and formulas, ignoring many of the
influencing parameters are still in use. Development has been made in the field of finite
element types, mesh adaptively, material laws failure, wrinkling and surface defects.
Springback, contact, friction, currently, the accuracy & reliability of numerical simulations of
sheet metal forming do not yet satisfy the industrial requirements. One of the limitations is
still the high computational time for complex forming. Despite this development of iterative
solver another limitation is the lack of detailed knowledge of material physics such as
material behavior at high deformations and contact behavior. Therefore extensive research in
the field of sheet metal forming is necessary to forming simulations * *. Numerical analysis
can provide accurate prediction of the initial blank size and the strain distributions for steel
material; this approach is more accurate by using finite element code (ABAQUS) . Has
verified that (F.E.M) could predict the defects that occurred in various forming stages of
bending operation. The (F.E.M) showed excessive compressive stresses occur in the flange
area, the effect of varying die radii and die friction assemble pan for super plastic material
(AL 7475 alloy) has been simulation ® ), with different friction coefficient was plotted the
result show the parts are found to form faster with higher pressure in lower die friction stress
was not affected by reduction ratio.

In this work conical part can be produced by die-bending , the process of die-bending is
to be investigated in sectoral plates, each to a semi conical form ,the elastic-plastic phases of
deformation will be studied as shown in figure (2), the elastic phase is ended when yielding is
reached at any point in the plate correspondingly, the bending load at which yielding starts is
calculated, generally , the knowledge of this yielding force as well as the force required to
complete the bending is essential for the design of forming tool and for the selection of
bending machines . In the plastic phase a developed die-bending apparatus will be described ,
the main feature of this apparatus is that it allows a line contact between the conical tool and
a sectoral plate at the bending of loading and as a deformation continues by tool rotation
about cone apex , the plate envelopes the conical loading tool at the end of the operation , the
specimen completely surrounds the tool forming half of a cone , the relation between load
and angle of rotation of tool was established in the elastic range of deformation

1-2 Theoretical Analysis
1-2-1 Analytical Solution

The equilibrium of a differential element gives the following differential equation for
the deflected surface of the plate %'V

o 0 o T
VW=|—t—"y——|W=0 (1
[arz ror rz(%’z} M

W=g@)-f(ry 2)

Diyala Journal of Engineering Sciences, Vol. 05, No. 01, June 2012
104



NUMERICAL PROCEDURE TO DESIGN A DIE AND STUDY ITS RELATIONSHIP WITH SOME
PARAMETERS INFLUENCING ON THE BENDING PROCESS OF SHELLS

Sf=rsmy 3)
d'g 2d’g
20 e +g=0 e (4)

. cos¢ .
= 0 - -0sin6
w=rsiny (cos bsing sin€) (5)

Q_ﬁi 82W+8W+ 0’ W
=20l a2 Toar T agE ] e (6)
_Et
1200=v3) e (7)
Q,=2K siny CO.S(P Lz(—sine) (8)
esine r-
P=2[(Qy)py dr 9)
. cosgp (1 1
P=4K siny p (;—r—j ............... (10)
Esiny
Gy =2 A=) e (11)
: (1-v?) 1, ¢sing
Sy = (o}
V= e T, wsp O e (12)
| 7
P=7sing o, F(1-0 L (13)
rOM
=20, [—d
py=2U, f Sdr (14)
rOM
Py =2uU; IT e (15)
P=p,*p, (16)
rOM
p2UHpU) [Zoar L (17)
Z‘2 & Z‘2
M:232 o, !9619 =7% (18)
2 ro
P=_t Gy(U+ﬂUf')ln7i ........... (19)
s - L ovi, (20)
“1-v' (R, R,
c - _E Loovil, (21)
 1-v’(R, R,

Diyala Journal of Engineering Sciences, Vol. 05, No. 01, June 2012
105



NUMERICAL PROCEDURE TO DESIGN A DIE AND STUDY ITS RELATIONSHIP WITH SOME
PARAMETERS INFLUENCING ON THE BENDING PROCESS OF SHELLS

Mx=My=M . (22)
vt (23)
R R, R
The equations (21& 23) become
6 =6 = E.Z For elastic zone ... (24)

Z c
- = - 2a-=v) (25)
e=Z=20-v)
Since =0 , €=¢
y y
E .e
- =T 26
o - S (26)
oL _ =)o, 27)
R Ee

1-3-2 Numerical Solution

The prime objective of an analysis is to assist in the design of a product to design or
select the tools; such design essentially consists of predicting the material flow during
process, determining whether it is possible to form the part without internal defects,
predicting the force & the stresses necessary to execute the forming process. By using the
(ANSYS.11) program which has many finite element analysis capabilities, complex, non
linear, transient, dynamic analysis, elastic -plastic, creep, large deformation and buckling "'?.

1-3-3 Performing a Typical (ANSYS. 11) Analysis

The (F.E.M) model of the sheet material and bending die is shown in figure (1 .a).

The Geometry of Die and Punch (F.E.M) Mesh Model with Cone Angle 30° Typical
(ANSYS .11) analysis has three distant steps which are built the model, apply Load and obtain
the solution, Review the result.

1-3-4 Build the Model

The ultimate purpose of a finite element analysis is to re-create mathematically the
behavior of an actual engineering system. In other words, the analysis must be an accurate
mathematical model of a physical prototype. In the broadest sense, the model comprises all
nodes, elements material properties, real constant, boundary conditions, and other features
that are used to represent physical system, with solid modeling so describe the geometric
boundaries of model over the size and desired a shape of element automatically, by contrast,
with direct generation method can determine the location of every node and the size, shape
and connectivity of every element prior to defining these entities in model. Solid modeling is
usually more powerful and versatile than direct generation and is commonly the preferred
method for generating models alternative to creating, solid models can create them in cad
systems and then import them in program (ANSYS. 11) for analysis. Building a finite
element model requires more of user's time than any other part of the analysis, first, we
specify a job name and analysis title, and then we define the element types, element real
constants, material properties and geometry.
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1-3-5 Defining Element Types
In this work four types of elements were used for analysis:

1-3-5-1 Solid 45 3-D Structural Solid
By eight nodes having three degrees of freedom at each node, translations in the nodal
X, y & z directions, and the element has plasticity it is used for the three dimensional.

1-3-5-2 Shell 181 Finite Strain Shell

It is suitable for analyzing thin to moderately thick shell structures , it is a four nodded
element with six degrees of freedom at each node , translation in the x ,y &z directions and
rotations about the x, y &z axes.

1-3-5-3 Link 3-D spar

The three- dimensional spar element is a uniaxial tension — compression element
with three degrees of freedom at each node, it is used to join the die and modify the contact
between the sheet and die, punch.

1-3-5-4 Contact 49 3-D Point — to — Surface Contact

It 1s used to represent contact and sliding between a node and a surface in three
dimensions, the elements have five nodes with degrees of freedom at each node. Translations
in the nodal x,y &z directions , contact occurs when the contact node penetrates the target
base , elastic coulomb friction and rigid coulomb friction are allowed where sliding is along
the target base.

1-3-6 Defining Element Real Constant:

In this work, it needed it is required to select the correct real constant set, the real
constant set for each contact surface must be the same as the one used for the corresponding
target surface for each contact pair, and each contact pair must reference its own real constant
number as shown in figure (1.b).

2- CASE STUDY

Nonlinear material properties are usually tabular data, such as plasticity data, data
tables are always associated with a material number and most often used to define non-linear
material properties. An isotropic elastic-plastic constitutive model with isotropic strain
hardening was used to simulate the response , the elastic behavior was taken to be linear and
the plastic response was modeled using the von misses yield criterion , with the material
properties of a Nickel Chrome Steel listed below ©-'? .

Young's Modules of Elasticity E =208 GN/M?
Shear Modulus G =82 GN/M?
Elastic limit 0,=1200 MN/M?
Tensile Strength Ts =1700 MN/M?
Density P = 17800 Kg/M?
Shear Yield Strength Ty=650 MN/M?
Poisson's Ratio v =0.34

3- RESULT & DISCUSSION
3-1. Effect of Thickness on the Bending Process

Thickness of produced semi-conical shell was measured and compared with the thickness
obtained by simulation as shown in figure (3) which shows that the yielding forces Increases
almost with thickness of sheet , but the thickness measurement before and after bending
showed that it remains practically unchanged , Also no appreciable hardness change was
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registered in the test carried out .The results obtained by finite element method ( ANSYS 11
program) are very close to those predicated by analytical solution when the coefficient of
friction are chosen (Mf= 0.1, 0.15) 1¥.

3-2. Effect of bending load on The Springback

In order to check this effect with consider three different values of the Bending force (BF)
(5,10,and 20 KN) during the experiments, Punch force was recorded along with punch
displacement (stroke) as shown in figure (4) in which the values predicted by simulation are
compared with experimental values, The figure shows that the bending force increases as the
blank holding force increases for BF = 5 KN the blank gradually loses the contact of the die.
The best bending parameters without failure is found as Initial force =10 kN.

3-3. Effect of Young modules on The Spring back

Because the materials has a finite modulus of elasticity plastic deformation is followed
by springback upon removal the load .So the springback increases inversely with young
modulus ( Modules of elasticity ) as shown in figure (5) which was compared with different
thickness .

3-4. Effect of Friction on Bending Process

Forming a process is important; furthermore, precise coefficient of friction values can
greatly improve process design and analyzing numerical process simulation, validation and
control of forming processes. In this work, the effect of friction on the bending of semi-
conical shells is investigated, four values (Mf = 0.05, 0.1, 0.15) were implemented for the
simulation. (Displacement) under different conditions, figure (6) reveals that the force
increases with increased friction at the blank -die punch interface. In the case where friction
coefficient (Mf = 0.1) the maximum force is (12 kN) while for the case (Mf = 0.2) 1s (25 kN)
these results show that the model is robust to friction, indicating that change in (Mf) will
greatly alter the predictions, this concluded that the higher friction restrains the movement of
material, producing more localized strain profiles and more punch force. Figure (6) ( The
results clearly show that for lower value of friction coefficient the stress is expected to be
more uniformly for the value of ( Mf = 0.1 ) than ( Mf = 0.15) in which the stress value is
much more than reasonable values . The simulation result provides large stress equivalent.

3-5. The Effect of Radials Distance and Angle of Tool Rotation

Figure (7,8) shows that the pressure between tool and specimen varies almost inversely
with the radial distance & angle of tool rotation. Measurements before and after bending
showed that it remains practically unchanged; also no appreciable hardness changes were
registered in the test carried out.

To investigate the effect of die and punch profile radius on operation four models of die
and punch in order to apply the load as shown in figure The maximum forming depth was set
(40 ) mm to ensure that the parts are completely bending and removed from the die for all the
dies and punches Figure (8,9) The Value of the stresses in Y ,X axis' in the thickness = 6 mm
the bending force for large die radius and large punch radius is lower than that for small radius
in both theories it is clear that the effect of punch radius on bending fore is less than the effect
of die radius because the bending effect is concentrated at the region of die corner of radius at
which the required bending force is minimized is equal to ( L/2R = 0.4) this means that in
order to minimize the bending force ,The die radius should be as large as possible (inversely
with the radial distance) & angle of tool rotation
Figure (10) Shows Value of plastic Stress Equivelent Elements near die surface in zone of

applying load are subjected to high longitudinal compression in the die, which changes to a
tensile stress peak as the material emerges from the die and its evident that the die length has
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a little influence on the distribution of effective strain and effective stress also the effective
strain 1s concentrated at die noses. Figure (11) shows Stress in Y direction when Mf=0, 1 in a
good agreement within '?. Figures (12, 13) show the value of Elastic Plastic Strain

Equivalent and Elastic Plastic Strain Equivalent (F.E.M) after Springback.
4- CONCLUSIONS

The ability to perform a successful bending operation depends on many parameters for

the adopted data have been studied using numerical analysis and compared with analytical
solution and it shows that:

1.

The best bending parameters without failure is found as follow, Initial force =12 KN,
coefficient of friction = 0.1, die punch length = 150 mm, , Sheet thickness = 3 mm,
L /2R = 0.4 ,Precise Coefficient of friction values can greatly improve process
design and analysis , Numerical process simulation , Validation & control of forming
processes .

The work presented indicates that the finite element rate — independent Elastic —
Plastic approach offers the feasibility of making rational assessment for prediction the
springback in bending problems and to assessment of the maximum longitudinal
residual stress.

The die length has a little influence on the distribution of effective strain and effective
stress also the effective strain is concentrated at die noses. As the bending increases
keeping stretching constant through stretch bending process, curvature, Final
curvature and springback ratio increase and available maximum curvature increases.
Because all materials have a finite modulus of elasticity plastic deformation is
followed by springback upon removal the load. So the springback increases inversely
with young modulus and is normally compensated for by over bending the part also
can bend at elevated temps to minimize springback .Expressed in terms of the ratio of
initial to final bend radii. The Study presented indicates that the finite element rate
independent Elastic-Plastic approach offers the feasibility of making rational
assessment for prediction of stress and deformation in bending problems involving a
very complicated interaction of geometrical , material and contact- nonlinearities and
to assessment of the maximum longitudinal residual stress in formed product .
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Fig.(1.a): the Geometry of Die and Punch (F.E.M) Mesh Model with Cone Angle 30.
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Contact Swrfaces and Nodes

Tirget Surfaces and Nodes

Fig.(1.b): the Geometry of Contact Surface & Contact between Target
Surface Element and Nodes.
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Fig.(11): Stress in Y-direction when (MF=0.1).
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Fig.(12): the value of Elastic Plastic Strain Equivalent (F.E.M).
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Fig.(13): Elastic Plastic Strain Equivalent (F.E.M) after Springback.
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