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Forming Characteristics of the Forward and Backward Tube
Extrusion Using Pipe
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Abstract.

This paper is concerned with the analysis of material flow characteristics of combined tube extrusion using pipe. The
analysis in this paper concentrated on the evaluation of the design parameters for deformation patterns of tube forming,
load characteristics, extruded length, and die pressure. The design factors such as punch nose radius, die corner radius,
friction factor, and punch face angle are involved in the simulation. The combined tube extrusion is analyzed by using a
commercial finite element code. This simulation makes use of pipe material and punch geometry on the basis of punch
geometry recommended by International Cold Forging Group. Deformation patterns and its characteristics in combined
forward and backward tube extrusion process were analyzed for forming loads with primary parameters, which are
various punch nose radius relative to backward tube thickness. The results from the simulation show the flow modes of
pipe workpiece and the die pressure at the contact surface between pipe workpiece and punch. The specific backward tube
thickness and punch nose radius have an effect on extruded length in combined extrusion. The combined one step forward
and backward extrusion is compared with the two step extrusion for forming load and die pressure.
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Fig. 1 Schematic diagram of initial billet(left) and final
product(right)

h(land) = 0.3/Dp to 0.7,/Dp
R(punch nose radius) = 0.05 Dp to Dp
b(relief angle) = 4° to 5°
y 2a(face angle) = 160° to 170°
Dr(punch face) = Dp - (2R + 0.2 Dy to 0.3 Dyp)
" Ds=Dp - (01 to 02)
Dy = punch diameter

2a=160°

Fig. 3 Punch geometry used in simulation
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Table 1 Numerical preparation for simulation used in
DEFORM-2D™

Number of elements = 4000
Workpiece Number of nodes = 4210
detai . thickness elements = 4
etail setting
size ratio =3
Punch Stroke = 1.0 mm/sec
Simulation Number Sotizlsmulatlon 270 step
control - — —
Solution steps definition |[Equal time increment 0.1 sec
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Do
D»r W2 Do :Initial billet diameter
(S Dr : Punch diameter
Di :Mandrel diameter
N ~ Dr : Forward diameter
hs :Punch stroke
z 1 22 |- @ H :Initial billet hight
T o A Ri : Punch nose radius
[ _"“\ R: R2 :Die corner radius
- - . "N p.1 R :Diecornerradius
| é L m Is : Backward tube height
h = 1r :Forward tube height
Rs 2a : Punch face angle
N b :Die angle
D; W Wi : Forward tube thickness
! ! W2 : Backward tube thicknes
Dr
Fig. 4 Die geometry used in analysis
Table 2 Geometrical parameter for the extrusion
Parameters Values
Initial billet diameter(Dy) 32mm
Punch diameter(Dp) 23 2mm, 24.4mm, 25.4mm
Mandrel diameter(D;) 15.2mm
Forward diameter(Dg) 22.6mm
Initial billet height(H) 30mm
Die angle(b) 17°
Punch stroke(h;) 25mm
Forward tube thickness(W,) 3.7mm
Backward tube thickness(W;) 3.3mm, 3.8mm, 4.4mm
Table 3 Design parameter used in simulation
Parameters Values
wW2=44 0.74mm, 1.74mm, 2.74mm
Punch nose
" radius W2=338 0.83mm, 1.83mm, 2.83mm
wW2=33 0.905mm, 1.905mm, 2.905mm
Punch face angle 160°, 180°
Friction factor(m) 0.1,0.2
Diecomerradivs R2,R3 Imm, 2mm
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Fig. 5 Load-stroke relationship for various punch

nose radius
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Fig. 6 Load-stroke relationship for W2 (R1=constant)
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Fig. 7 Extruded length ratio for various punch nose
radius

(Punch face angle 2a= 180°)
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Fig. 8 Deformation patterns and distribution of
effective strain for various R1 at W2=4.,4
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Fig. 9 Deformation patterns and distribution of
effective strain for various W2
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Fig.11 Load-stroke relationship for die corner radius
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sequencial operation
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Fig.12 Comparison of die pressure and forming load
between combined extrusion and two step
extrusion in sequencial operation (W2=3.8)
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Fig.13 Load-stroke relationship for punch face angle
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Fig.14 Deformation patterns and distribution of
effective strain for punch face angle
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