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In this study hydroforming analysis of low carbon cold formed structural steel sheets (St12, SAE
1006) are studied experimentally and numerically. The effects of hydrostatic pressure, plate
thickness, mould curvatures were investigated. The failure zones, stress and deformations were
compared with finite element model. It was found that the metal elongation and strength, plate
thickness, mould design were effective tools for hydforming performance of sheet metals. The
Bilinear isotropic hardening nonlinear material modelling with shell elements are used in Ansys 16.0

Lsdyna explicit module. The effects of element size on stress results and thinning of sheet metals at
plastically deformed place are also discussed in model. The results are found in good agreement with

the results of experimental works.
© 2018 Journal of the Technical University of Gabrovo. All rights reserved.

INTRODUCTION

Hydroforming is used hydraulic fluids at high pressures
to form metal which is at room temperature into a die
cavity.

It is a way of shaping materials structurally stiff in a
cost effective way. Hydroforming is generally used in tube
forming process recently which is a relatively new
technology as compared to other conventional stamping
processes with high mass production.

It is generally preferred for light weight vehicles design.
The technology of hydroforming has achieved today a
status that permits the economic volume manufacturing of
high-quality lightweight components for the automotive
industry [1]. Attainable weight reductions of around 30%,
reduction of components and improved part properties are
only some of the advantages in comparison to the
manufacturing of such components by conventional sheet
metal forming [2]. Sheet hydroforming is typical method
used hydrodynamic deep drawing. The liquid can be used
as a punch, a draw die or an assisting way to improve sheet
formability. In the light of the different functions of the
liquid, hydroforming may be defined as active sheet
hydroforming and passive sheet hydroforming [3]. Almost
many materials used in classical stamping may be used in
sheet hydroforming. Sheet hydroforming has increasing
interest in the automotive and aerospace industries because
of its many advantages such as higher forming limitation,
good quality for complicated and multilayer structures [4].

Finite element analysis especially Ls-Dyna is increasing
importance for hydroforming process design [5], [2]. It is
usually preferred for optimum design and reliability of
process.

* Corresponding author. E-mail: idalmis@nku.edu.tr

Simulation integrated design results (thinning partions
stress strain values) are valuable for design of curved parts
hydroforming with additional preforming operations [2].

EXPOSITION

In the study at first stage hydroforming performance of
low carbon structural steels are studied by using set up seen
in figure 1. Conventional low carbon steels are used in
studies where mechanical are given in table 1. At the
second stage explicit finite element model is developed
according to working conditions of hydroforming process.
The developed finite element model and boundary
conditions are given at figure 2-3.

Fig. 1. Hydroforming Process in Experiments

The material properties are taken from manufacturers in
experiments.
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Fig. 2. Finite element model of explicit analysis Fig. 3. Boundary conditions applied at explicit model

Table 1. Material properties used in experiments

Materials Elastic Yield Strength Tensile Tangent Elongation  Thickness
Modulus (MPa) (MPa) Strength (MPa)  Modulus (MPa) (%) (mm)
ST 12 (DIN EN
10130) 205000 230 320 321 28 0.75
AISI SAE1006 205000 240 355 550 21 0.9
In the experiments at the first stage St12 materials
Hydrostatic pressure variation is defined at figure 4. with 100bar hydraulic pressure is applied for forming
Where critical time is determined le-3s for Ls-Dyna process. First mould is used for this aim seen in figure
analysis. 6. The catastrophic failure zones (figure 7) are
Convergence study is performed according to determined without using full potential of material
element size seen in figure 5. because of the mould design seen in figure 6. The sharp
corners of moulds are machined and final mould is
. obtained seen in figure 6 second design.
200
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Time (s) Fig. 6. Mould design change

Fig. 4. Hydrostatic pressure applied on sheet metals
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Fig. 7. Failed St12 specimen under 100bar pressure for first

Fig. 5. The effect of element size on equivalent stress results mould design

(St12) The finite element model maximum equivalent
stress and plastic strain results are given at following

Optimum element size is determined according to \ ! ]
figures 8-9 for first and second mould design.

element size results, optimum results are obtained for
3mm element size.
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A: Explicit Dynamics
Equiralent Stress
Type: Equivalent (von-hises) Stress - Top/Bottom
Unit: Pa

Tirre: 9,600d4e-004
20.7.2017 14:33

3,1025e8 Max
2,7578:8
241318
2,0684e8
1,7237e8
1,378

1,0343e8
£,80955:7
34487
13124 Min

Fig. 8. Maximum equivalent stress results of St12 plate for
first mould design

Az Explicit Dynamics
Equivalent Plastic Strain
Type: Equivalent Plastic Strain - Top/Bottom
Unit: rm/m

Tirne: 1,2001e-003
2072017 14:27

0,28233 Max
0,25006
0,21959
016822
0,15685
0,12548
0,004100
0,062730
0,03137
0 Min

Fig. 9. Equivalent plastic strain results of St12 plate for first
mould design

A: Explicit Dynamics
Equivalent Stress
Type: Equivalent fvon-Mises) Stress - Top/Bottom
Unit: Pa

Tirme: 1,02e-003
20.7.2017 14:34

- 3,0228e8 Max
2 68698
2,3511e8
2.0153e8
1,67%4e8
1,3436e8
1,0077e8
6,7187e7
3,3602e7

5 17863 Min

Fig. 10. Maximum equivalent stress of St12 plate for second
mould design

The results show that equivalent maximum stress is
declined 310MPa to 302MPa and the plastic strain
results show that thinning of sheet metal for first mould
is more than second mold design. When thinning and
failure zones of plates are investigated it is found that
the plastic strain, the residual stress results seen in
figure 11-12 are in good agreement with experimental
results.

A: Explicit Dynamics
Equivalent Plastic Strain
Type: Equivalent Plastic Strain - Top/Bottom
Unit: m/fm
Tirme: 1,2e-003
2072017 141

0,25628 Max
0,22781
019933
017086
014238
01129
0,085428
0,056952
0,028476
0 Min

Fig. 11. Equivalent plastic strain results of St12 plate for
second mould design

A: Explicit Dynamics
Equivalent Stress
Type: Equivalent fvon-Mises) Stress - Top/Bottom
Unit: Pa

Tirne: 1,2e-003
20,7.2017 14:37

2.6126e8 Max
2,3223e8
2,0321e8
1,7418e8
1,4515e8
1,1613e8
870087
5,807e7
2,9043e7
15823 Min

Fig. 12. Residual stress results of St12 plate for second mould
design

In the following part two different steels (St12 and
Sae 1006) hydroforming performance is compared for
new mould design in figure 13-17.

A: Explicit Dynamics
Total Deformation
Type: Total Deformation
Unit: m

Tirne: 1,2e-003
20.7.2017 10:57

00081272 Max
0,0072242
0,0063212
0,0054181
0004351351
0,0036121
0,0027091
00015306

0,00030302
4,2352e-25 Min

Fig. 13. Total Deformation results of St12 plate for second
mould design
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Fig. 14. Formed St12 specimen under 200bar pressure for
second mould design

Type: Total Deformation
Unit: m

Time: 1,2e-003
207.2M7 11:52

0.0080368 Max
00071438
0,0062508
0,0053579
0,0044649
0,0035719
0,0026729
0001736
0,00089298
5.7175e-24 Min

Fig. 16. Total Deformation results of Sae 1006 plate for
second mould design

Fig. 17. Formed Sae 1006 specimen under 200bar pressure
for second mould design

Type: Equivalent Plastic Strain - Top/Bottam

Unit: mifim
Tirne: 1,2e-003
24.7.201711:35

0.2155 Max
0,19156
016761
014367
011972
0,005770
0,071934
0,047330
0,023045
0 Min

Fig. 18. Equivalent plastic strain results of Sae 1006 plate for
second mould design

The residual stress and plastic strain results show
that the most thinning zone in our parts is transition part
where the plastic equivalent strains and equivalent
stresses are taken maximum values seen in figure 11-12,
18-19.

Table 2 is summarized the scene in our study.

The results show that AISI 1006 material plastic
deformation values are lower than St12 material
because of the strength and ductility values. Thinning of
deformed part of the plate is focused at following stage.
Equivalent plastic strain results of formed section of
plate are used for determination of thinning.

Type: Equivalent {won-Mises) Stress - Top/Botkom

Unit: Pa
Tirne: 1,2e-003
2072017 11:49

3,1905e8 Max
2,836e8
248158
2,1271e8
1,7726e8
1,4181e8
1,0696e8
700157
3,5467e7
18916 Min

Fig. 19. Residual stress results of Sae 1006 plate for second
mould design

Equivalent plastic strain calculations are calculeted
by Prandtl-Reuss (Levy-Mises) flow rule. Effective
plastic strains may be defined as follows [6].

def = %dl{axx — % (O'W +0, )}

dey = %dl[aw —%(O‘ZZ +0,, )}

2

1
d‘gz’; = gdﬂ’|:o-zz _E(O-XX + O-W )i|

dep =dio,,
dey, =dio,
def =dio,,
Where plastic multiplier is defined as follow:

34z’
2 5

d4
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Table 2. Finite element modelling results for two different materials

Material Equivalent Maximum Residual Equivalent Plastic Defl—;)r;i:tion Safety Factor for
Stress (MPa) Stress (MPa) Strain (m/m) (mm) Tensile Strength
ST 12 300 261 0.256 8.12 1.0586
o 3375 319 0.2155 8.103 1.0517
p ( ~p /4 1( ) =1 b
del =(dz°/5) o, —5 oy +o, £ =N “)
0
o 1 Here t; is initial thickness, t; is last thickness after
de) = (dgp/G{O'W ~Z(o, +0, )} forming.
2 Equivalent plastic strain, equivalent stress and normal

del = (dfep/&{ogz —%(GXX +0, )}
dety =>(¢2"/5 ),
def, =>(027/5 o,

det, = (025},

Here;

(3)

deP is equivalent plastic strain increment, & is

equivalent stress, o,,, o, , O, are normal stresses,

p p P
Oy Oy Oy, areshear stresses, dep, dep , de,, are

plastic strain increments in normal direction, dgxr;, dg;"z,

de? are plastic shear strain increments.

Thickness variation is found by using z direction plastic
strain increment. Plastic stain in z direction may be defined
as follows: [7]

Table 3. Thinning of plates for two steel materials

stress results obtained at Finite element analysis are used in
the equation.

In maximum thinning values of plates for two materials
are given at the table 3 below.

It is seen that thinning percentage of steels are near
where plastic strain values are supported this results.

CONCLUSION

In our study sheet low carbon structural steels
hydroforming performance is investigated. Ls dyna explicit
module is preferred because of the large deformations
occurred in hydroforming process. The bilinear isotropic
hardening nonlinear material modelling is used in our
analysis. The boundary conditions are determined
according to experimental forming process. Experimental
and numerical analysis results show that mould design is
effective tool for plastic deformation of steels. Residual
stress and plastic strain results are found in good correlation
with experimental results when the sheets failure, thinning
zone are focused. This study may be enlarged with strain
hardening effects of cold formed steels with different
carbon concentration values.

Materials Equivalent Plastic Initial thickness  Last Thickness Thinning Strain Hardening
Strain (mm/mm) ty (mm) t; (mm) percentage (%) Exponent n [8],[9].
ST 12 0.256 0.75 0,711 5.18 0.217
AISI
1006 0.2155 0.9 0,842 6.4 0.227
into the very thin layer in the middle. Journal of Materials
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