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Abstract: The forming process was simulated numerically by ANSYS/LS-DYNA. The material flowing of tube-blank in the
tube-compression process and the effect of the friction coefficient between die and tube-blank on the forming process were analyzed.
The research results show that the flowing direction of tube-blank and the flowing direction of viscous mediums are coincident.
When the friction coefficient between die and tube-blank is less than 0.12, there is no significant effect on the forming process. When
the friction coefficient between die and tube-blank is greater than 0.12, the effect on the forming process is becoming more and more
severe constantly with the increase in the friction coefficient between die and tube-blank. Therefore, improving the interface

lubrication conditions is beneficial to increasing the forming limit.
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1 Introduction

Tube-compression is one of the most typical
forming methods for variable diameter parts [1-2]. Due
to the influence of compression instability, buckling and
wrinkling are prone to occur in tube-compression process
viscous pressure forming (VPF), especially for the
thin-walled parts, which restricts the application of
tube-compression [3—5].

Viscous pressure forming (VPF) uses a semi-solid,
flowable, highly viscous and strain rate sensitive
macromolecule polymer (called viscous medium) as the
flexible-punch [6]. WANG et al [7] reviewed the effect
of viscous medium on the deformation of sheet metals.
Sheet metals are subject to not only normal pressure but
also tangential adhesive stress of viscous medium, both
of which are non-uniform and changeable. The viscous
medium can promote the flow of the material and delay
the strain localization. VPF is especially suitable for the
deformation of difficult-to-form materials with low
plasticity or high strength [7-9]. The VPF process is a
combination of the bulk (viscous media) and sheet
metal forming processes. Finite element analysis
software DEFORM has been chosen to simulate the
axisymmetrical viscous pressure forming of sheet metals,
i.e., stretching and drawing [10—12].

The principle of tube-compression by viscous
pressure forming is shown in Fig. 1. Firstly, the
tube-blank is placed on die. The medium chamber has
been filled with the viscous medium before forming parts.
The pressure of tube-compression is offered by viscous
medium pushed with punch. The effect of interface
lubrication on tube-compression of thin-walled part in
viscous pressure forming is remarkable. Reasonable
interface lubrication conditions can make the tube-blank
have a better flow, and the reduction of wall thickness is
less, which is very important to the forming of the
thin-walled parts.

In this work, the forming process of tube-
compression of nickel based super-alloy thin-walled
parts is simulated numerically by FEA software ANSYS/
LS-DYNA. The material flowing of tube-blank in the
tube-compression process and the effect of friction
coefficient between die and tube-blank on the forming
process are analyzed.

2 Finite element analysis model

2.1 Finite element modeling

Figure 2 shows shape and dimensions of nicked
based super-alloy thin-walled part with the thickness of
02 mm. In order to analyze the deformation
characteristics of the nickel based super-alloy thin-
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walled part during the forming in visco-elasto-plastic
medium, the FEA software package LS-DYNA3D was
employed to simulate the forming process. FEA model
with 1/4 in the circumferential direction and 1/2 axial
direction (Fig. 3) was established according to symmetry
of the die and tube-blank. The pressure of tube-
compression was offered by viscous medium pushed
with punch. In the FEA model the cylinder blank was
meshed as B-T shell element, and the visco-elasto-
plastic medium was meshed as bulk element. Coulomb
friction model was applied to interface between
tube-blank and die. The six different friction coefficients
between die and tube-blank were chosen as 0.00, 0.04,
0.08, 0.12, 0.16 and 0.20 in the FEA model.

| — Punch

| Die

Viscous

- medium

| — B]ank

L Chamber

|p

Fig. 1 Principal diagram of tube-compression by viscous

pressure forming
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Fig. 2 Shape and dimension of part (unit: mm)

2.2 Materials

The nickel based super-alloy used in finite element
analysis was GH4169 with a thickness of 0.2 mm. Its
material properties are given in Table 1. The viscous
medium was silicone rubber. The flow stress vs strain
rate curve of the viscous medium is shown in Fig. 4.

Area variation of deformation region of cylinder
blank during the tube-compression is shown in Fig. 5.

Punch
Die
Blank
Viscous medium
Chamber

Fig. 3 FEA model

Table 1 Material properties of GH4169 [14]
Yield Tensile  Elastic
strength/ strength/ modulus/

Elongation/ K/
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Fig. 4 Flow stress vs strain rate curve of viscous medium [13]

180 - 1200
|
= —AS/S
150 - o 11000
120 - 4800
2 E
T 90 | 1600 £
4|« S
<]
60+ 1400
30k 4200
) ) . . ) 40

0 1 2 3 4 5 6

Tube-compression ratio/%
Fig. 5 Area variation of deformation region of cylinder blank
during tube-compression

The area of the deformation region increases gradually,
and the area of the final shape increases by 1.63 times.
Therefore, in order to restrict the reduction of wall
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thickness of deformation region, the end material needs
to supply the deformation region of tube-blank. The
viscous medium is a semi-solid, flowable, highly viscous
and strain rate sensitive macromolecule polymer in
viscous pressure forming (VPF) [15—16]. The tube-blank
forms gradually under the pressure of the viscous
medium on the surface of tube-blank all the time. Figure
6 shows the flowing directions of tube-blank and viscous
medium during the tube-compression. The flowing
directions of tube-blank and the flowing direction of
viscous mediums which act as the surface of tube-blank
are coincident, which can make the end material supply
the deformation region of tube-blank and restrict the
reduction of wall thickness of deformation region.

3 Results and discussion

Figure 7 shows that the material flowing of the
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tube-blank with different friction coefficients. With an
larger friction coefficient between tube-blank and die, the
end materials supply more difficult deformation zone of
tube-blank. When the friction coefficients between die
and tube-blank are 0 and 0.12, the displacements of end
are 2.05 mm and 1.90 mm, respectively, and difference
between the two is only 0.15 mm. Therefore, when the
friction coefficient between die and tube-blank is less
than 0.12, there is no significant effect on the forming
process. When the friction coefficient between die and
tube-blank is greater than 0.12, the displacement of end
decreases remarkably. The effect on the forming process
is becoming more and more severe constantly with the
increase in the friction coefficient. When the friction
coefficient between die and tube-blank is 0.2, the
displacement of end is only 0.39 mm.

Figure 8 shows curves of the max tensile stress
and the maximum reduction thickness of tube-blank vs
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Fig. 6 Flowing directions of tube-blank and viscous medium during tube-compression: (a) Stroke of punch of 0.1 mm; (b) Stroke of

punch of 0.6 mm; (c) Stroke of punch of 1.2 mm; (d) Stroke of punch of 2.1 mm
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(a)

Fig. 7 Material flowing of tube-blank with different friction coefficients between die and tube-blank: (a) Tube-blank; (b) x=0;

(¢) u=0.04; (d) =0.08; (e) £=0.12; () 4=0.16; (g) £=0.20

friction coefficient. With a larger friction coefficient
between tube-blank and die, the maximum tensile stress
and the maximum thickness reduction of tube-blank
increase more evidently. When the friction coefficients
between die and tube-blank are 0 and 0.12, the maximum
tensile stresses of tube-blank are 271 MPa and 501.5
MPa and the maximum reduction thickness values of
tube-blank are 0.4% and 5.12%, respectively. When the
friction coefficient between die and tube-blank is 0.16,
the maximum reduction thickness of tube-blank quickly
increases to 18.54%. When the friction coefficient
between die and tube-blank is 0.20, the crack comes into
being. Therefore, when the friction coefficient between
die and tube-blank is less than 0.12, there is no
significant effect on the maximum tensile stress and the
When the friction
coefficient between die and tube-blank is greater than

maximum reduction thickness.

0.12, the effects on the maximum tensile stress and the
maximum reduction thickness are becoming more and
more severe constantly with the increase in the friction

coefficient.
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Fig. 8 Maximum tensile stress and maximum reduction

thickness vs friction coefficient between die and tube-blank

4 Conclusions

1) The flowing directions of tube-blank and viscous
mediums on the surface of tube-blank are coincident to
make the end material supply the deformation zone of
tube-blank and restrict the reduction of wall thickness of
deformation zone.

2) When the friction coefficient between die and
tube-blank is less than 0.12, there is no significant effect
on the tube-compression forming process. When the
friction coefficient between die and tube-blank is greater
than 0.12, the effect on the tube-compression forming
process is becoming more and more severe constantly
with the increase in the friction coefficient.
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