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A Study on Square Die Extrusion of Hollow Shape
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ABSTRACT

This study presents development of finite element simulation program and analysis of
hot extrusion through square dies with mandrel. The design of extrusion dies is still an
art rather than science. Die design for a new extrusion is developed from through
in-plant trials. In the present paper, three-dimensional steady-state finite element
simulation program is developed. The developed system is effectively used to simulate
extrusion of clamp shaped hollow section. The objective of the present paper is to study
the possibility of integrating this method into the design of dies for extrusion of complex
section. To obtain sound product, the distributions and effects of temperature, effective
strain rate, mean strain rate and mean stress are studied.

1L A&

HEFTF2 YAH &7](container)ol] F&H 2 (billet) & Wol A¥ale whyoa oz
T SEPAAE 2 AT R AR FAelth 2 % HF¥(flat or square die)
= 5 o8 7HA #de Uwe z2i: Fxe zwge Bl A FE A Zo] WSt AY
Hgol Eol O 87} BolAw . WEHL £ WETHL dFvlFolee Haso
ol-8-3t] BAMWLt ol )} FHYEY wE = YAFFe dnFys 2 gauz A3
A 7FEEE A Aol Aoy mYol} 23 Se B HAQA 24 FE0 BYT A
AFol X2 Heg H-d3 YA ) Hol, 89 dE7He 37 2 9x AR
Sol FEEA F83F g0tk Hx AYAFo]A g TEEAE 4490 N gy
of SJEsn] ofeivle) APHeE AN Hito] So AAHQ A7t o)Folx] ARE



g o= l doldgto 2 FHPAHAA 729 wpy
Ho Ao s 2o F7132 H288 5 glogad 7y,
a3 %Oﬂ Hal 32t HAE fATS; e B-HAA
TH8L SN TaoWe sl fEHAY exsae Pt B3 A
A FZEAA ERe) FHua st AL H AU e AHSES 224 FEMo g
73l (steady-state) s, 12T E AN exsaL 3= ¥ A Al (decoupled) ¥ -&
ARSI AitE M maaae o]&3lo Fig. 13 g& dAEg FFINE g
sk = (MandreD S 71 #3338 42 THL A S o) s Kt

2. ol A
T AERAE Y L AAZRA0) 3319 EHS AYw o} 3214 Ea) A
< HZA g9 d7HoA Yang[1155% Leel2]52 339 9
i, Mori3]62 4&AF9 198 =849 Zhangl4]E2 3 }%
TR o R FMYT, Zhangl515L GE 2 (flow guide)
2 A3,

2 dFdAel aa wye - 24 AE 2l A3 ¥ e R i I )
7] 5742 A% YA AE(Linear viscous material) & PR sE ge Algsgo. )
& 733-‘4 ﬁhl‘_ HEELT 9 %V\i“‘oi 7}@3}"4 3“’“3}9&‘:} —’;\J}W} S el

o

hu
P

"“%?‘}E}.
Oy 0 in V
o;n; = fi on Sf ¢}
& = 0

oy = _:2))_ TZ é 2)

f?yaEdVJrKfs'vs'vdV— fS'fié‘vidS=0 (3)

4714, o = \ (3/2) oy oy ., &= V(2/3)eyey; . &, = &

°li, K& & &9 g 2 M2 4<4(Penalty constant) o] t},




A@)E SuAssT Bastsia, A4 Ay HABAE ZRAFAZ A WSS
Ao) &£xof s HjAFPolm R Newton-Raphson®H wol <) s 3o HhE. g
o g 4g uEn

y(n) - }/v(‘n-l) +B 4\/(“) (4)
714, BE wE Aate] WAbE w287 98 744 AlS(Deeleration Coefficient)©] 3L
0 3 1 Atole] gt Haeh A (49 Wk Al olef o] z7o] wrEdtu 71A] Yot

LAVTa /iyt <e (5)

&7]1A, I i 3= Euclidean vector norm®lal & < 10 2R =) Apgeojrh,
AARE Ao} npEL

| Vs |
f= —2mk tan ! — ¢ (6)
-~ ﬂ- uo ~

@714, me BHR A4S, ke FE e

1o =]

fr

<
rlo
alt
o
BN
).
)
>
L
lo
or
=
by
H
z
A

= A SxE See] G E e, upE IYSl o) w3 o}z Ze ¥ Aot
71

27 2xge A8 F4 A8 st AE 27 F5 923 ¥ (Automatic initial guess
generation) 2.2 =7 12e BAHEE 3Pk Ay L BAE 3487 8 oy
2 AAe g 2

K T,s+ K 0 &=0 7

AM, K e AA% A T 28l o5, k' 24 88 oAz = mHe vigel

rr

&
0. o & & (Effective stress), et & W¥E &HR(Effective strain rate)= Uebd
t}. olE 884 F¥3H(Finite element discretization)3td thg-Ao 2 vepd & Joh

oK N NG TV = fvwk TN AV + f a,NdS— Lzh(T—Too)N,-dS )

o714, N2 w3t gH4(Interpolation function)ol i, hiE WlH AASAF q.= T 94
o Zolad dALE(Specified heat flow rate per unit  area), Toi A<(Room

temperature)S YERATE

3. 2% 9 B

B Aol ALE sMEzRe olgdte] Fig 13 #E OR Y 2T ZE3A
2 wge AeuFEH083e 2 A7 115mm,20) 380m=z & FEEE 1.03 mm/ sec & 3t
3 A 3) EAM e 9-90MHzE AHg-3te] Zel CPUAIRRE 1800= AgHAY. 4"
AANTZE Fig. 201 JehlQa, AE-E 123t gAgAe] Y-S A 2l S
A3 el Tﬂ 130570, 849l 47} sz TAEAG. dAA 2, & 3}E 2 T44tonod
olojo} QZo] 7H5ee AN TR EE Fig. 3l Ve QE, EA=R AN 2



E7h 485CR M 5SS 44 Uy PaATE |5 mm/ sec,2.0 mm/sec & A3 Az}
HILE7F 503T520TE FFASR oA LAY S o2 ANTE G0 F50832) &5
Hol B0CAHATNEE PETE 20 mm/sec 5.2 ¥l ANAE FANZAS AY 13
L O-X¥Fe 2o AE(Major axis)PWe HT LTI ¥} O-Y¥&o 29 &2(Minor
axis)g¥l el AT LER¥RTG 2 Ule Wo oy uiza T Al Wl o) Hlo w
H4EE £27) g 7] gFolg AZYEY. Fig. 4% FEMa&| A 23} THETHAA 9] &
o AABTEE U UEE £ 9 Hr)9l ware AT YER A Aelolug &
B FURZ 542 257} 2ol WA] Dead Metal Zoneo] A1 gle-L Waks) o
+ A Fig. 59 Fig. 62 F29ds gaduo)ae) SEEZXE JEdn AR
718 SEe] PEE THE £ gtk Ao FALtE o)A UELTETE 34
3 VMR ST E AR WAoo Yoz nlate Bl Holxmz B i 7l
MNE ERFo]l o FEmo] 24T MBS B 2sy At Fig. 7& 53
ToolMe AEWE AT RIS gyt 2HAT Hoae HEE X o3 =
 Holg AAlsle AEAES A 2 g Fig. 8= B3 (Mean stress) <)
T UEUAD @3 addxe] Aol e] :uraA Mt 8 gug

A 2 olfre dEWgo o gtz e dma o) Fokr gt
= 4S8 =7 ggelth. Fig. 99 Fig. 102 2zt Zaow 3
I, F3ET Y YR WP Eo] AYL o 4 g dET o

Hog

£ gy of
e =
A 9

37 3 HAY FEMAIBH oM ma s A8l P R, A E3h
FEMAIEHolH 20 £52y exyy PARE, AZ852 =3l o) e T3
R FEEA e 71 2HA AuE ATIU

DE& Addss Fuz st A gtaans 1-20 mm/sec T YL & 4 Yurh
2) AERT2 A FEV1 $Fo 2 gFo] slsea Qs A AR

3) BEERe elolve FURYolM HiHtge] g TA e

4 AEAA) We F39WE g2aTr) vauwzng 37 YE T

AABS AE= e o

H2
|o
fu
Y
oftt
In
e
L2
X
lo
B
H
Ae
Hd
2
Yo
e
o
oftt
)
n
e
N
o
il

878

1. D.Y.Yang, CMULee and JH.Yoon,1989, “Finite Element Analysis of Steady-State
Three- Dimensional Extrusion of Sections Through Curved Die”, Int.]J. Mech. Sci., Vol.31
No.2, ppld5-146

2. CM.Lee, D.Y.Yang and M.UKim, 1990, “Numerical Analysis of Three-Dimensional
Extrusion of Arbitarily Shaped Sections by the Method of Weighted Residuals”, Int. J.



Mech. Sci., Vol.32, No.l, pp.65-82

3. K.Mori, K.Osakada and H.Y amaguchi, 1993, “Prediction of Curvature of an Extruded
Bar with Noncircular Cross-Section by a 3-D Rigid-Plastic Finite Element Method”, Int.
J. Mech. Sci., Vol.35, No.10, Pp379-887

4. X.Q. Zhang, Y.C. Lam, S.S. Xie and P.F. Thompson,1991,”A Three-Dimensional Rigid-
Viscoplastic Finite Element Analysis of Shape Extrusion”, The Sixth Int. Conf. in
Australia on Fnite Element Methods, pp. 100 -103

5. X.Q.Zhang,Y.C. Lam and C. Devadas, 1993, “Progress in Numerical Simulation of
Extrusion of Aluminum Sections”, Advanced Technology of Plasticity, Proc. 4th, ICTP,
Beijing, Separated Volume, ppl6-21

| / /L/ /// >

e of - o S S By g
U\ (R e g R A v
| L [ TR
\ p / . ‘ Y \ Y AR TRRITENE TS O
| ~/ //// 1
L T

— ot __,_____.i_

Fig. 1 Dimensions of Sections Fig. 2 Mesh system for extrusion of clamp shape

Fig. 3 Temperature distribution

Fig. 4 Velocity distribution
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Fig. 5 Distribution of velocity for major section
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Fig. 6 Distribution of velocity for minor section

Fig. & Mean stress distribution Fig. 7 Velocity distribution near the die orifice
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Fig. 9 Distribution of effective strain rate for major section
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Fig. 10 Distribution of effective strain rate for minor section




