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Fig･ 1 Computational models of rectangular sections from

round billets.

Fig. 2　Finite element mesh of workpiece, a) AR=1, EC=10

mm, b) AR=8, EC=O mm･

paperslト5) is capable of simulating general three-dimen-

sional extrusion processes･ In according with the purpose of

this new investlgation, simulations of rectangular sections

were conducted. This section is relatively slmple, but clearly

shows the usefulness of the computer code and the results

are easy to visualize･ The geometry of the simulated sections

and the positions of the die openlng With respect to the billet

axis are glVen in Fig･ 1･ Depending on the geometrical

cbmplexlty'the number of elements and nodal points

SEISAN-KENKYU

variesI A typical mesh, shown in Fig･ 2, Consists of 1344

elements interconnected a 1854 modal polntS･

In according with the purpose of the'present work, the

solution is considered accurate enough when the velocity

error norm is less than 0.00001. As a result, about 80

iterati｡nswith α-0.7 as the deceleration coefficient are

needed. Each simulation requlreS about　5　hours for

execution time on a SUN SPARC 10/51.

summary of process conditions in simulations is as

follows:

Material: a rate dependent material, with the flow stress

glVen by
l0- 1181;o･13 [MPa】

container length:　　　　CL 100 mm

container radius:　　　　　Ro　50 mm

Bearlng length:　　　　Zβ　5, 7･5, 10, 12･5, 15 and

30　mm

Ram speed:　　　　　　Vzc 10 mm/s

coef. of Coulomb friction　〝　0･1

Eccentriclty Of the die EC 0, 10 and 20 mm･

A prlmary requlrement in the design of the section-

extrusion process is that the extruded material should exit

from the die without twisting or bending･ This requlrement

is satisfied if the die shape and the bearlng length are such

that the extruded material at the die exit has, across its cross

section, a uniform velocity in the axial direction･ Then, in

according with this, the followlng is to characterize the axial

velocity field in the bearlng･

Having obtained the velocity distribution at some cross-

secitions in the bearlng a parameter is needed to characte-

rize its Hwidth" Or variability around the central value, that

lS, a measure Of the nonuniformlty･ For this purpose the

standard deviation of the velocity field was chosen･ The

formulae used for this calculations is glVen by Eq･ 1

SDI/'-

.>

(1)

where　Ⅳ: number of nodal points in a glVen Cross-SeCtion･

vlz: axial velocity at node i in a glVen Cross-SeCtion･

vAzve : average axial velocity of a glVen Cross-SeCtion･

The average extrusion pressure, PAV, lS Calculated by Eq･

(2)
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