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Finite Element Analysis of the Non-axisymmetric Extrusion Process

ABSTRACT

In this study a new simplified three-dimensional numerical method and the associated
computer program have been developed to simulate the non-axisymmetric extrusion processes.
The two-dimensional rigid-plastic finite element method under the generalized plane-strain
condition, is combined with the slab method.

To define the die geometry for a non-axisymmetric extrusion, area mapping technique was
used. Streamlined die surface was used to miniminze the total extrusion pressure. Extrusion of
square, hexagonal and 'T" section from round billet have been simulated and experimented with
a model material. The computed results were in good agreement with the experiments in
cross-secticral grid distortion. Computational results will be valuable for designing tool
geometries and corresponding processes.
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(a) Determination of the neutral axis. (b) Determination of the die surface.

Fig. 1  Construction of a streamlined die surface in extrusion of "T" section.
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Fig. 3 Die profile for extrusion of "T" section.
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(a) round to square section

(b) round to "T" section

Fig. 4 CNC-machined die.



% k.

T GFOE LAE UWOM ALY 2 e B Yang Sls)e) w2
of S3td 2 delol WYX 3173 MPa o2 Ao B AL 4179 MPa
2 AT Aol e ok B AFolM AYY TZ YOS Yang So] 4
¢ 2 YANA 4 SYeRLT 3050 MPasb ALE T mepa &
TN AT el At o WYAel 2H%T ee ¢ & o

T 62 o2z DY Zdage] U FRE Aol AHE BojEm g
ool FelE f99e] Feo] s wRle AAY e vE g
o dstel] dis) 2ohx] Asiatx @ge ¥ 4 Utk DEelMY AR W gye
FO L7) A 8] st 27) gagel MEW PoGCkD ARRL o wa
Fol o9A dsheAE 2HY ol Y 7ol WY T NS HY B
HZs & W 2R AR 4y o] e P YW ¢ & ot

Y 8 UM Azgoz daste 3 (Tl Pol of W ¥ 161) o
B EYE R AT 9YE 459 $2US U Yot 3"l B g
ol 4% AYEE 279 2AY HEAM R A Byt 4o wug A
T AR f50) Jbg ME X 2 co] Eae Fus} AP 2 BEeA =A u
g & & gok.

AY I Yo eRy $7Yo e Gast Iye PRY AlBeHolM A
oIt

TH 0 & UyYoeve THos ddshs AW PEY AFdold ARE
SRR ST T Be e REME A% WNo2 st Az g4t A
A ATRAA Smz 249 ATYS Bato] Ade] ALY £ Ye= sy
o}

ﬂd

D i go) 0% A9 27)9) ganfe] MEB Bugickn gy
¥ ¥l o9A dslsheAlE 299 ol 3Y 1ojo] o= AY Faet ¥ U
SRR T W e F9 42U HUAL 1030 kef, o} E3] 630 kgt of
388%] LAE Roluyint o AZel dau ©E Yuo] Byshr) o
AR S ARG 03t & o 23cle 47T = YYA) 428 2y
kel 78 mAde BM FEAU HEUX dUee VAW + 9ot
o= 27001 7YY B AR tel YA YT AL Yens
o}.

— 39 —_



tho] Zo] o ¥Aust 21 o]3 ¥y BRE T Y= ¢

=
T
2o) A AWES Y PVE ST AL e Utk 4T EVES

F2E ¢ 13 ARA 7P A PR R ¢ 4 AT 9T AR gE
o Hesre gel DRolMe Sad Rl Bt AE ¢ F U

Oul 72 e oh) 340 W] UY ¢ Uel dRE Usiud a3
13olA BE b o] DR gel sl dale] U4F YA A YN
= 2obge 9 4 Qoo shE) 4 asel wet 4F A Atk e 2
o 2 oju el YOWE shEu] 357 01QuR 03w S0% o1l 4R
Uejo] ZAHEE ¢ 4 Utk F3 T ¥ e 2} W P ¥ A
of 2418 ¢BE0l AT U Wel T FFE lAThe AT & F A%

7.4

35 w2 OlA) gdel diste] 23 a4 FRe2T SUE W ARA
Y X AAEe Hestn, thold ¥AE WA AMEE oldste EHH
e AAEH o]ES FBeA FAZ Aot ¢E WS WY F YT T
2o Jpgetgch AYH T2 olste] WYLSHE ALY, 4%,
T oz oaste FHE FXHMT Y wassth ALY T 3k
2 Ay A 9w AR Yo AYE A e Ay T A 4 AT
o7re] 9XE BT ol 2ol WU AW A FA2E] 2=%
sof w$ B7tste] AWzl gt 5 WYE WA 2A 2] dEelH
Su)He AREE THE BH A Asl wlaste) & o 5% ojuie X8 R
ol o= Mol £ #4 we BHILES & F YU

olAre] AW W A AT Rol & FFolA o] &% Ded A /Y 8
2o o 3xd §% 94 A vjste] AN WE FIRAE WY
ol ARE A 4 gene P4 el 24 FHE #Mel soiA B 7R
S ol8d 4 onl A A4 Aol 4A Az °)8d F YT A+t

fr

P rlo

it



10.

11.

12,

13.

14,

CEERY

B. Avitzur, "Flow Characteristics Through Conical Converging Dies,” Trans, ASME, J. Eng.
Ind., Vol. 88, No. 4, pp. 410-, 1966,

B. Avitzur, "Analysis of Wire Drawing and Extrusion Through Conical Dies of Large Cone
Angle," Trans. ASME, J. Eng. Ind., Vol. 86, No. 4, pp.307-, 1964,

M. Kiuchi and M. Ishikawa, "Upper Bound Analysis of Extrusion and/or Drawing of L- ,
T-, H- Sections," J. of the JSTP, Vol. 24, No. 270, pp. 722-729, 1983.(in Japanese)

D. Y. Yang and C. H. Lee, "Analysis of Three- Dimensional Extrusion of Sections Through
Curved Dies by Conformal Transformations,” Int. J. Mech, Sci,, Vol. 20, pp. 541-, 1978,

D. Y. Yang, C. H. Han and M. U. Kim, "A Generalized Method for Analysis of Three-
Dimensional Extrusion of Arbitrarily-shaped Sections,” Int. J. Mech. Sci., Vol. 28, NO. 8,
pp. 517-534, 1986.

V. Nagpal, C. P. Billhardt and T, Altan, "Lubricated Extrusion of "T" Section from
Aluminium, Titanium and Steel Using Computer-Aided Techniques," Trans, ASME, J. Eng.
Ind., Vol. 101, pp. 319-325, 1979,

C. C. Chen, S. L Oh, S. Kobayashi, "Ductile Fracture in Axisymmetric extrusion and
drawing -Part 1, Deformation mechanics of extrusion and drawing," Trans. ASME, J. Eng.
Ind., Vol. 101, pp.23-35, 1979,

C. C. Chen, S. L Oh, S. Kobayashi, "Ductile Fracture in Axisymmetric extrusion and
drawing -Part 2, Workability in extrusion and drawing,” Trans. ASME, J. Eng. Ind., Vol.
101, pp.36-44, 1979,

K. Lange, "On the Stress Distribution in Prestressed Extrusion dies Under Non-uniform
Distribution of Internal Pressure,” Int. J. Mech. Sci., Vol. 27, pp. 169-175, 1985.

T.Hirai and T. Ishise, "Plastic Metal Flow Under Frictional Boundary in Forward Extrusion
die and Stress Distribution of the Die,” Int. J. Mach. Tool Des, Res., Vol. 26, pp. 217-229,

C. R. Boer and W. D, Webster, Jr., "Direct Upper-Bound Solution and Finite Element
Approach Round-to-Square Drawing, " Trans. ASME, J. Eng. Ind., Vol 107, pp. 254-
260, 1985.

D. Y. Yang, C. M. Lee and J. H, Yoon, "Finite Element Analysis of Steady - State Three -
Dimensional Extrusion of Sections Through Curved Dies", Int. J. Mech. Sci., Vol. 31, No. 2,
pp. 145-156, 1989.

M. Kiuchi and J. Yanagimoto, "Computer Aided Simulation of Shape Rolling Process,”
Proceeding of 16th NAMRC., pp. 3440, 1987.

N. Kim and T. Altan, Three Dimensional Analysis and Computer Simulation of Shape
Rolling by the Finite and Slab Element Method, ERC/NSM -B 90 -10, The Ohio State
Univ., 1990,



|
|
|
|

—— _ press cylinder

L ——==——_]0ad cell

\

|
-

|
|

!
\
|

plasticine

; .__t[jxtrusion die

Fig. 5 Schematic diagram of
experimental equipment.

Fig. 7

1
|

&
S5
%

)

B

:,No,o
<,
X/
XX
%
Y
%
Y
XN
&

X
NunR

2
WO

9%
%

o

(2
¢
5

()
000
o.&
%,

%Y,

o
2
2%
5%
0

Q
X0
50
5
&
%
N
N

20
Y,
X/
‘.‘

¥

R

[177

L1717
22
X
5%
2

ZEENE NI

NSNS
%
NS,

(3
1
LT

LIz

(]
Vs
LU
&

/]
1111117
5N
S

‘%,

2,

111
'l"

7]
111

<5 o
CrCLIR
2 <S>
.0. SRR,
R QIR
RN
NSRRI
R4
Ny ..g.’o‘#?-’.:’y‘tﬁ /7 i
N NSNS IS a ik
AR A B
\\“==§=§=s§;‘lz.‘l N u",;,,

1]
{{{
&

X
R
S
3

W

3

(c) reduction of area : 60%
Fig. 6 Grid distortions to the various reduction
of area. (round to square section)

Comparison of the cross-sectional grid distortions for extrusion of

square sections. (experiment : plasticine, reduction of area : 60%)
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(a) effective strain
30 CONTOUR P V1.0 SNU Flasticitly Lab

DR 4 e

(b) effective strain rate
Fig. 8 Distributions of effective strain and effective strain rate for extrusion of
square section. ( die length/initial radius=1.6 )
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(c) reduction of area : 60%
Fig. 10 Grid distortions to the various

reduction of area. (round to "T" section)

(c) reduction of area : 60%

Fig. 9 Grid distortions to the various reduction
of area. (round to hexagonal section)

Fig. 11 Comparison of the cross-sectional grid distortions for extrusion of "T"
sections. (experiment : plasticine, reduction of area : 50%)
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We wi

(b) effective strain rate
Fig. 12 Distributions of effective strain and effective strain rate for

extrusion of "T" section. ( die length/initial radius=2.0 )
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Fig. 13 Influence of reduction of area and friction factor on the extrusion

pressure.



