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simulated cases. that is ER:39.
1. Introduction

This paper is continuation of the published papersl-:). In

these works the complex problem of balancing the metal

flow was analyzed by carrying extrusion process simulations

of rectangular, angle, channel, "L" and "T" sections. In

those works, it was shown how the metal flow is balanced by

selecting the optimum length of the bearing land, i.e., the

length resulting in uniform velocity across the cross.section

of the product. Furthermoreo the metal flow as influenced

by the position of the die gpenings along the die face was

investigated.

In the present work, the simulation cases are extended to
({C" and "H" sections, moreover, the metal flow in

extrusion of "T" sections is further detailed relating to the

paper3). All of these three sections, due to their metal flow

characteristics developed during extrusion process, are

considered as difficult-to-extrude. Then, in the presentation

of the results, emphasis is made on the study of the axial

velocity distribution in the bearing land zone and some

comments on the application of them to extrusion die design

are outlined.

2. Extrusion Process Simulation

Summary of process conditions used in simulations are

listed in the previous paperl). The computational models for

"T" sections are described in the referred paperz), and for

"C" and "H" sections, they are listed in Tables L and 2,

respectively. Also, it is noted here, for comparison purpose,

that the extrusion ratio ER is kept constant for all of the
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Table 1 Computational models of "C" sections.
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Table 2 Computational models of "H" sections.
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3. Results and Discussion

T y p i c a l  e x a m p l e s  o f t h e  F E M  m o d e l s  f o r  w o r k p l e c e s  u S e d

in simulations are shown in Fig. 1。  Because of the

sy■1lnetry,only one half of the model is colsidered in the

calculations.The computation tilne required for one case

lies within 2 h9urs fOr a DEC alpha workstatioI‐ 15/266,

which can be considercd eclnomiCally feasible。

Fig.2 shows the variation of F,ソ (Average Extrusion

Pressuic)and SD7.(Standard Deviation of Axial Ve10City

yz)at thC die exit With EC(Eccentricity of the die opening)

and the learing length Zβ for a``C''section with AR=8.

Due to the ge6metric characteristiOs of``C" sections, the

p16ts of F4ν have a minimum indicating that thlre is an

optimal EC where the Fレ ッrequired for the process is the

lowest. It is observOd,that the lniniinu1l of the plots are

slightly displaced towards ncgatiヤe values with respect to

the position of the gravity center indicated by thc dropped

line.

The study of the velocity distribution along bearing length

shows an ihteresting beha宙 or,while other relativelジ timple

sections like rectangles and angles reqvire bearing lengths

■o longer than 7.5 mmゎr obtaining uniゃrm a対al

velocity2),Ic,i sectiOns requires more than 12 mm;Fig.3.

Furthermore,through the siinulations,it is found that even

vttrying the die opёning position, to get uniform axial

1230

1190

Fig. I Finite element model of workpiece: (a) "C" section, (b)

"H" section,

velocity at the die exit is very difficult. For example, Fig. 4

shows the axial velocity distribution at the die exit in

extrusion of a "C" section, the bearing length is 10 mm. The

pattern distribution clearly shows that the axial velocity is

still non uniform, also, the run-out direction of the

extrudate is predicted. Therefore, in order to obtain a

straight product, it is necessary to implement another

method for metal flow control, i.e., variable bearing land

length or flow guides, similar results were experimentally

found by Xiea).

Fig. 5 shows the pattern distribution of the axial velocity

in extrusion of "T" sections at the die-exit. The aspect ratio
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Fig. 2 Effect of. 26 and EC on Po, and SDV at die exit for a "C" section, AR:8,
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▼ Shapo,4辞 12,-20 mm,唯 ′10 mttS,コト39,「●.1
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Fig.4 Axial velocity distribution at the
“
C''sectlon.
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Fig.3  Variation of SDy along bearing length in extrusion of a
``C"section,ス

R〓 12,EC=-20 mm.
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Fig. 6 Effect of die bearing length on streamline shape in extru-
sion of a "T" section, AR:8: (a) u:v; (b) u:Tv.

‐
1 1■ 0

(b)

（』
鵠
‰
お・動
ゞ
・押

(″→叫

Ｊ

一ν
／
雄
戯
熾
型

卿
帥

謁
抑
端
靭
計

■‐SOclon,4膚BO,ど●110 mm,,,FOL10 mm,ロ ト3,,●奮 10叩m/s,PЮ■(じ‐2崎

Streamline o「=xtruded Product



]科 39,4浄3,3● -10 mm,吟 ″1●mmrs,″ っ。1

囲 lhtemJ  卜●く文】   EEll FHcuo,

研

1320

T c 
croe5secuor, Jn"* 

c H

Fig. 7 Average extrusion pressure in extrusion of "C", "T", and

"H" sections. ER:39.

AR is 8 and other extrusion process conditions are also the

same but the relationship between the thickness of the legs.

Comparison between them clearly shows the effect of the

difference in geometry. When the thickness of the legs is

same, the leg parallel to x-axis emerges faster than the

parallel one to y-axis. However, when u=Zv the run-out

direction of the extrudate is completely reverted. Thus, the

simulation results clearly show that the metal flow is faster

in thicker regions of a section with unequal wall thickness,

and, for the metal flow control, the length of the bearing

land has to be increased accordingly.

The metal flow is specially complex in extrusion of thin

walled sections of unequal wall thickness. Figs. 6 (a) and (b)

show the influence of the bearing land length on the

streamlines shape in extrusion of "T" sections, AR=12.

Comparison between them shows how the run-out direction

is completely changed due to the differences in wall
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thickness. Furthermore, it is observed that although the

curvature of the streamline diminishes with bearing land

length, it is well known that this practice has serious

disadvantages, for example, higher extrusi<in pressure is

demanded and, more critical, surface defects are likely to

occur, resulting in poor quality products. Moreover, in

sections with unequal wall thickness, the desired straight-

ness is not obtained as indicated in Fig. 6 (b), where the

streamline obtained in extrusion with very long bearing land

length, Zn:12.5 mm, still shows excessive curvature.

Fig. 7 shows the extrusion pressure components in

extrusion of "C", "T" and "H" sections, the results clearly

show how the pressure increases with respect to cross-

section shape, indicating the complexity of the developed

metal flow.

4.  Conc lus ions

In extrusion of relatively simple sections, the balance of

metal flow can be achieved by modifying the bearing land.

llowever, in extrusion of more complex sections, it is

necessary to use another effective method for metal flow

control, i.e., variable bearing land or flow guides. In this

work, the results obtained on the metal flow behavior in the

bearing land zone can be used for bearing land design and

flow guide design meant for achieving uniform axial velocity

at the die exit. (Manuscript received, September 20,1996)
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