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[ Abstract] In the extrusion of sections with flat-faced die, the proper design of die land is critically important in avoid-

ing geometry defects. A methodology for the design of die land, which consists of a simulatiorr adjustment iteration, is

proposed. The metal flow in extrusion is simulated by the three dimensional finite element method and the die land is ad-

justed according to the simulation result. The simulatior adjustment iteration is conducted repeatedly until the uniform

metal flow in die land exit is obtained. Both the formulae for adjustment of the die land and the criterion for the judgment

of proper die land are suggested. The extrusion of a G section is chosen as the computational example.
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1 INTRODUCTION

In the extrusion of sections with flat-faced dies,
as the serious friction on the material/ tool interface
and the big difference in geometry between the ex-
truded section and the billet, nomruniform metal flow
occurs in the deformation zone. This may result, de-
pending on the complexity of the extruded section, in
twisting or bending of the product as it emerges from
the die. To prevent those defects, the flow rate of the
extruded metal is controlled through proper design of
the die land. Owing to the complexity of the metal
flow in extrusion, the reliable design methodology of
die land is still short. The design quality of extrusion
die relies mainly on the technical experience and em-
pirical know-hows of the designers''.

FEM has been extensively used in simulating the
forming process'>”?'. By the aid of FEM simulation,
it is possible to predict the geometric defects of the
product. In the paper, a method based on the finite
element analyses is proposed for the design of die
land. The proposed method is implemented for the
extrusion of a C-section Fig. 1.

2 FINITE ELEMENT FORMULATION

In the extrusion of sections, large progressive
plastic deformation occurs. For the sake of simplicity
in the analysis, the elastic strains can therefore be ne-
glected and the deformation behavior of the material
is simplified to rigid plastic. The variational equation

of the rigid plastic material model is given by!'%!
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where K= 106; €, —Volumetric strain rate.

The frictional force betw een workpiece and die is
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Fig. 1 Dimension of C-section (unit: mm)

given by the following vector form
f= - 2/ mhetan ‘e | Vile/ uo (2)

where ~m —Friction factor; k& —Shear flow stress;

V; —Velocity vector of the workpiece vs the die;
uo —Very small positive number as compared to
| V, |; t —Unit vector in the direction of V.

Eqn. (1) is discretized at the element level which
yields a set of nonlinear algebraic equations

G(u)= 0 (3)

The Newtorr Raphson iteration method is intro-
duced to obtain the solution of Eqn. ( 3)

0G(u)
ou n

Ztn,+1: Nun,+ BANLLrHl (5)

B—Relaxation factor, 0< B<I.

Aumi=- G(u)l, (4)

where
3 ANALYSES OF METAL FLOW

In the extrusion of sections, the extrudate be-
comes rigid as it emerges from the die land, which
conceals the tendency of nonuniformity of metal flow
in die land exit. For observing the tendency of metal
flow, the extrudate is trimmed from the billet along
the contour of die land exit, as shown in Fig. 2.
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Fig. 2 Trimming rigid extrudate from billet

Having obtained the distribution of velocity at
die land exit by rigid plastic finite element method,
an appropriate parameter is needed to characterize the
norr uniformity of metal flow. For this purpose, the
deviation of mean of velocity, vpuv, is chosen. The
formulae used for this calculation is
Vi— VAVE| /VAVE (6)
v; —Velocity at node ¢ which locate at the
die land exit; v avg —Average velocity of the die land
exit.

VDMVi =
where

The objective of die land design is to remove or if
not, to decrease the nomuniformity of metal flow at
the die land exit. The reason is, if the metal flow in
the die land exit is uniform, there will be no addition-
al stress and geometry defects existing in extruded
sections. A criterion for judgment of proper die land
is suggested as follows

ﬁ VDMV | <C (7)

C —Constant which is determined by the de-
signer, here we take C= 0. 1.

where

4 SCHEME OF DIE LAND DESIGN

The proposed method for the die land design is
based on finite element analysis. First, the die land
length is the same, equal to the minimum section
width of the section. Then the finite element analysis
is conducted to obtain the distribution of velocity at
the die land exit. If the velocity of any node at the
exit of die land does not satisfy the criterion of
Eqn. (7), the die land length at the location of that
node is adjusted using the follow ing equation

= (1+ vonyy) = 1T (8)
where [; —Die land length of node ¢; n, n— 1—It-
eration times.

If the velocity of node i is lower than the aver
age velocity, the die land at node i should be short-
ened. That is, the acceleration of metal flow at node
i is achieved by reducing the friction on the surface of
die land. If the velocity of node i is higher than the

average velocity, the die land at node i should be
lengthened. That is, the deceleration of metal flow at
node i is achieved by increasing the friction on the
surface of die land. For obtaining the optimum die
land, the simulation-adjustment iteration is conducted
repeatedly until the criterion is satisfied. The design
procedure is shown in Fig. 3.
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Fig. 3 Design procedure of die land
5 COMPUTATIONAL EXAMPLE

The extrusion of a C-section was chosen as the
computational example. The material of the billet is
aluminum alloy LD31 and its flow stress is given' '

o= 86.3 ¢'# (9)

The parameters for calculation are as follows:
Billet length= 200mm; Billet diameter= 197 mm;
Ram speed= 1 mm/s; Friction factor= 0. 3.

Fig. 4 shows the finite element model used for
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Fig. 4 FEM model of workpiece
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simulation. As can be observed, the mesh is more re-
fined toward the entrance of the die land in the die
orifice, i. e. the regions of more interest. Fig.5
shows the comparison of the die land configurations.
The calculated configuration is similar to that of in-
dustrial design, the latter was obtained by triakand-
error. Fig. 6 shows the velocity distributions for a ini-
tial die land length ( 10 mm) as well as for the calcu-
lated variable die land length. It can be seen that the
more uniform metal flow is obtained with the calcu-

lated die land.
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Fig. 5 Configurations of die land

(a) —Calculated result; (b) —Industrial design
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Fig. 6 Distributions of velocity
(a) —Initial die land; (b) —Calculated die land

6 CONCLUSION

In the extrusion of sections with flat-faced die,
the proper design of die land is of critical importance
in avoiding the generation of geometry defects. A nu-
merical method is proposed for the design of die land.
The metal flow in extrusion is simulated by rigid plas-
tic finite element method and the die land length is
adjusted according to the simulation result. The uni-
form metal flow in die land exit is obtained by repeat-
ing the simulation-adjust iteration. The extrusion of a
Crsection shape was chosen as the computational ex-
ample and the calculated die land is similar to the in-
dustrial design. The similarity allows the conclusion
that the proposed method is effective for the practical
design.
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