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Table 2　Computanional models of angle sectionsfrom roui

DXE D YE Dye/D YE a

(mm) (nn)　　　　　　(')

DXE D YE DXE/D YE

(mm) (mm)

10.00　10.00

20.00　　5.00

24.50　　4.08

10.00　10.00

20.00　　5.00

24.50　　4.08

1　　4　　′0　　1　　4　　′0 9090901 201 201 20

from l3/5 Ro to 2/5 R(), where Ro is the container radius･

lt is noted that in order to investlgate into the effect of the

geometry of the section on the characteristics of the metal

flow, the extrusion ratio ((cross-sectional area of billet) /

(cross-sectional area of extruded product )) is kept constant

for all the sectional shapes described above･

The contact algorithm implemented in COPRESS re-

qulreS a discretization of the tool surface into a mesh of

spatial triangular elements･ A typlCal mesh system used for

tooting, bearing and ram, is shown in Fig･ l･ In the

particular case shown in the figure, the model consists of 178

triangular elements interconnected at 128 nodal polntS･

Fig･ 2 and 3 show typlCal finite element models for angle

and channel section used in FEM calculations, respectively･

Depending on the section, the number of elements and

nodal points varies; a typlCal mesh includes a total of 1288

eighトnode hexahedral elements interconnected at 1770

Fig･ 1 Tool discretization for three-dimensional extrusion

simulation.

汁

Fig･ 2　Finite element models of workpieces for angle sections:

(a) AR-8,α1-900; (b) AR-12,α=120〇･

Fig･ 3　Finite element models of workpieces for angle sections:

(a) AR-8,α1-900,cy2-600, (b) AR-12,α1=750,

cv2 - 450･

nodal polntS･ In the figures are shown the complete models,

but in actual calculations, due to the symmetry, Only one

half of the geometry lS COnSidered･

RESULTS AND DISCUSS10NS.

The computations were performed for each case until the
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accuracy of the veloclty error norm reached a value less than

0.00003. The number of iterations to reach the above

convergence depends on the initial guess of the veloclty

field, but by uslng the best available initial guess of the

velocity field and with a deceleration coefficient β - 0･1 in

linearization, the average number of iterations required for

obtainlng a COnVerged solution lies in the range of 40-60

iterations. It represents about 3.5 hours of CPU time on a

workstation SUN SP/10　Mode1 51.

Results on average extrusion pressure

The energy computed by the FEM program is converted

to the average extrusion pressure, PAY , by uslng the relation

given by Eq. (1):

PAY -
JTR 2ovzc

【Mpa]  (1)

where　¢ is the functional corresponding to the FEM

formulationl) and expresses the total extrusion power, Vzc

is the ram speed and Ro is the container radius, respec-

tively.

It is well known that the pressure required to extrude a

glVen Section depends on material variables and geometric

variables. Among others, in the die design, the position of

the die openlng With respect to the billet axis has a great

innuence on the metal flow, and therefore, on the extrusion

pressure required. Fig. 4 shows the variation ofPAv With the

eccentrlClty Of the die for angle and channel sections･ It can

be clearly seen the effect of the eccentriclty Of the die on the

pressure required. From this kind of plots, it is possible to

determine the eccentriclty Of the die for a glVen SeCtion･

Table 3 and 4 show the optlmum eccentricity values for the

Table 3　0ptimum eccentricity values for angle sections.

DXE/D YE a Opt. eccentricity

(○ )　　　ECRo

1　4　′0　1　4　∠U 9090901 201 201 20 7　0　7　1　2　51　　2　　2　　0　　1　　10　　0　　0　　0　　0　　0
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Fig･ 4　Variation of PAV With the aspect ratio and the eccentric-

ity of the die for: (a)angle and (b) channel sections･

angle and channel sections glVen in Table 1 and　2,

respectively.

Results on velocity distribution

The general trend of the velocity distribution is similar for

each of the analyzed sections, a typlCal example is glVen in
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Tab一e 4　0ptimum eccentrlClty Values for channel sections･

DXE/DYE a 1 a 2　　0pt. eccentricity

(o )　(o )　　　EC/Ro

1　　4　　′んU　　1　　4　　′LU 90

0　　0　　5　　5　　5
0ノ　9　7　7　7

0　　0　　0　　5　　5　　56　　′0　　′0　　4　　4　　4 1　　5　　5　　つム　　0　　50　　0　　0　　00　　0　　70　　0　　0　　3　　2　　5

Velocity 1-5.0 2-10.0 3-20.0 4-27.5 5-35.0 
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Fig･ 5　Distribution of the component Vz･

Fig･ 5, where the velocity distribution of the component Vz

is plotted for the container section･

For die design purposes, it is important to know the

velocity distribution at the entrance of the die･ Fig1 6 shows

this information for one case of the analyzed sections･ In

these plots, the nodal velocities corresponding to the die

entrance plane are plotted as function of the nodal polntS

coordinates, making possible to see a 3-D surface represent-

lng the velocity distribution for a specific plane･ Comparison

between them clearly shows the more complex metal flow

characteristics for channel sections.

CONCLUDtNG REMARKS.

S＼己∈＼ZATuauOduou倉90P^

SpZtnrZAtu9uOdtnou倉90PA

Fig. 6　Velocity distribution, Vz, at the entrance of the die: (a)

Anglel. AR -8, α-1200, (b) Channel: AR =12, α1

- 750, cv2 - 45〇･

the deformation characteristics of angle and channel sec-

tions in extrusion processes was carried out･ The deforma-

tion mechanics was summarized in terms of the veloclty

distribution and average extrusion pressure･ The investlga-

tion illustrates quantitatively the effect of the geometrical

complexlty and the eccentricity of the die on the metal flow

characteristics. It is demonstrated agaln the usefulness of

copRESS as an effective tool for the analysts and design of

industrial extrusion process･

(Manuscript received, June 21, 1995)
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