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FEM simulation on extrusion of double-layer tube of
aluminum and magnesium alloys
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Abstract: In order to study the extrusion parameters of the double-layer tube and the interaction between the interface
and the extrusion parameters. The process of bonding for the double-layer tube of Al/Mg by thixo-co-extrusion was
analyzed by ABAQUS FEM microsoft based on the thermal-mechanical coupling finite element method (FEM) theory
and finite model. The temperature field and the distribution of the stress and the equivalent strain in the sample on the
process of binding by thixo-co-extrusion were also achieved. The velocity laws of component metal on the deforming
process of the extrusion were analyzed with three kinds of bonding proportions. The extrusion speed and the initial
temperature at the bonding proportion of 3:7 are available. And the extrusion die is also optimized. At the same time the
varying of the interface between inner and outer metal along with the velocity is obtained.
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21 HFEMBRERMRT

S AR 2 B, Hodh YR B A 42 AZ91D,
AMTHRL AR G4 A356. RIHIX 2 B A &R 2l T
X 2 MEIERES SRS RN, 78 E %
AAI FIX 2 B A S CLBRAREMN. Tz K
GRS A I AR 1 RIER 20 SR PR A
250 AZ91D HEHAIAMEE 20 mm, PHARJE 6 mm;
250 A356 IREHIAME L 50 mm, WAL 30 mm; 5
FE¥4 4 50 mm.

F1 AZIIDEEL Gl
Table 1 Nominal compositions of AZ91D alloy (mass

fraction, %)

Al Zn Mn Fe Cu Ni Mg
9.05 1.00 0.15 0.005 0.03 0.002 Bal

w2 WA EA3SOEHIL A p
Table 2 Nominal compositions of A356 alloy (mass fraction, %)

Si Fe Cu Mg Mn Zn Ti Al
749 0.16 0.0076 0.46 0.020 0.041 0.013 Bal.

22 BERELILREKH

AWFFCR 22 WOoRLGF ik, BT e vl IR A HEASE,
KHAFORIR, HfHFIXUZESMEN 26 mm, HEJEA 10
mm. K JOEN TR, R EEE T A AN E T
FHHL, Frek, SEFREREA 10 mm MR A, (R
FORIERE 3 S LTS, XNV SNEREE
ELoy ik 317 5:5 F17:3, TAEWKEN L, 739 15,
10 15 mm, BAAIE 1 Frox. RAE 1 Fos i
JGIT, SRR BRIV G, Bl IR
TER NBATIR G, BEE IR EE IR, Bl 47 & 5 [
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Fig.1 Schematic of model: 1—Outer container; 2—Outer
billet; 3—Outer punch; 4—Inner container, 5S—Mandrel; 6—

Inner punch; 7—Inner billet; 8—Female die
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SIS A L, A KA TEIBHE A% o T e
JEILFE AR TEARN R A, A DR AEASARL PR AR 324 T 0 25
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Fig.2 Initial grids of alloys: A356 (a); AZ91D (b)
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P AL X ], fHAT4RA 4 A356 Kt DAk
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BHE 2 AR AT H L 2 R K, SBUR R E A A,
DIBGEmME S BIY. B, @l igfsm, &s
e TAET KB 10 mm.

Bl 4 Jrossedr 4 MRS SL T A356 BG&ah&
T [7) — 49 st (10l AR A 5. AL 4 FR gl 28 1 mT A
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Fig.3 Temperature field of alloys by thixo-co-
extrusion with different velocities and working
length: (a) L=10 mm, vz=v\;,=0.08 m/s, =0.2 s; (b)
L=10 mm, vA=v\=0.10 m/s, =0.1 s; (¢) L=10 mm,
varvmeg=0.12 m/s, 1=0.05 s, 0,=580 C; (d) L=10
mm, va=vy=0.12 m/s, =0.05 s, 6,=590 C; (e)
L=15 mm, vz=v\;u=0.08 m/s, £=0.2 s; (f) L=10 mm,
Varvmg=0.08 m/s, =0.2 s; (g) L=5 mm, va=vy,=
0.08 m/s, +=0.2 s;

SRR RS, & 4 SRR IR PR3 562 °C, B
e AR . LRt Ze 2 A0 3 WTLLE T, I
FEEH 0.10 m/s IR E 0.12 my/s J&, Tl gk i i Ar 1
ZeRl, £id 0.05 s Jl LA ) 558 'C, FrLA, Hokl&
AR R LR AL T [ AR ZE BA b, n] AR s
YA ARTEIX K E R 7 mm I, YA 2k 4 T
N LRB MLk 3 F0 4 £3%0, gk 4 FpRNg s gk 3,
RINFERBCRARE, Ll i A356 FiG &4
TR P2 PR) B A 808 A% 2 B i LT AR RLE - %1~ A356
a4, MRS 590 CF, X AR S
AR 2 B 40%, FEREAREE— DR, Ml
RN, AR ORFE R EAER . BTLL, EUbi
AT SR T AR R kAR L R (R AT . AN XA
SR, BSR4 B I A I B R T AN EE N T 0.10
m/s, JUFH 0.12 m/s, BEE 4B T 0.08 m/s
RIS,
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Fig.4 Temperature curve of one node on surface of A356
alloy: 1—va=vme=0.12 m/s, L=10 mm, 6,=580 C; 2—
Varvmg=0.10 m/s, L=10 mm, G5=590 C; 3—v,=vy,=0.12
m/s, L=10 mm, 05=590 C; 4—v,=v\,=0.12 m/s, L=7 mm,
0A=590 C
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Fig.5 Optimization of model and speed: (a) vo=vmg=0.08 m/s, inner billet is not chamfered; (b) va=vv=0.08 m/s, inner billet is

chamfered; (c) va=vmg=0.08 m/s, out billet is chamfered; (d) va=vm=0.10 m/s, out billet is chamfered; () vao=vy=0.10 m/s, the

bottom of the inner billet is not chamfered; (f) va=vmg=0.12 m/s, the bottom of the inner billet is chamfered
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Stress/Pa
(Average: 75%)
2.200% 107
2.017%10’
1.835% 107
1.652% 10’
1.470 X 107
1.287% 107
1.105% 107
9.224%10°
7.339x 10®
5.575%10°
3.750 X 106
1.925% 109
1.008 X 10°

var=0.10 m/s

B6 Ny S AR AR
Fig.6 Stress (a) and equivalent strain (b)

34 AREFERE THIRES

FEAN R R T RE 1, Sof A PRk 8 AR AN AH [
K17 i 7s A AESR AR Eom A B DKL 416 mm, S
a3 T AR EE 7370 015 mmA10 mmi,
2R NIRRT R LI,
AR TE T RE IR PR BERR /NI, AR T R
TRUALE o FHF 52 [MIASTRI 5% i i pA) B (1) B8 R R 4 s A0 T
HEE R 2R, SEUT VIR R ) P B 1) 4 3 T
BIAR/N,  ANIIANR T 5 oAt DX 3 4 e A 3 PR %2
TEHERS AL, B A G k)t T3 R AR (1) —38 47
K P RAEIS, W RIEAF], A REa i iy 4
H, BTRL, BEEET R A CUAE A ) ZEREAT %
XL 7(0) H(c) T LS, BAE S EE b, IX 384
BRA A Lu g Wb o L 7(a) 5 (b), K HI 10 mm
(1 CAEH K R I, S BEAR MR 7 LA, b,
TAEKEATE0 mm. B 7(d)FT 2 TAEN 10
mm (P FE I, SO 5 T AR Ab k)
50 9131 i) W TS s e A ) e T 2 o 5/ S PSR e R
BB N, BAAWRIRE, SRR .

DL ERSUAEAESS A i by 3.7 B4 FikAT
1), FESEBRAEr g & At nT ge R AR fE ik
PN AN E TN 5:5 MG BLIEAT b, Lo A 4

Equivalent strain
(Average: 75%)

4.049%x 10"
6.500% 10°
5.958 % 10"
5.417% 10"
4.875%x10°
L3 4333x10°
3.792 X 10"
- 3.250%10°
2.708 X 10°
2.167%10°
1.625% 10"
1.083% 10°
5417x107!
8.500x107°

=0.2s (b)
vpg=0.10 m/s

R 8. nTLUE Y, RS SMERIEE G4
IR 0.10 m/s BF, Bl IR RIEAT, 2 ANRRHE
ZEPEREARR R, L, NAZINPR P B SR
B, AR, SSSHEAmE ST, AReIRIEfEAH
[F) 55 PR AT AG LR B H ST 8% /N B
Bl 8(b) T K ek & 4 1T o B 5 = |, al LA
FEi, 2 FPEORHREST 286, FFEM SIS 4
R
MREEEE N IE A AR, 7:3 B, - E
ML N33 145 R 2 B B 8(c)FI(d) Pz . i LUE
TSR B TRAR I 5, (HBE B BT, ™
6 R AR KW AR o I = 8 5 DR W ORLAE AN TR TR0 4y
WEETEg), MEIHHRALRX G, B8 LR,
R, T SRR R LUAR & SRR T A
RZ, BHAG TAHMBIREIIZS), BrLl, Wi Zimlr=4
FHXAR T o X PR TE BUR A BEEIRATERT, (R,
TEPRE ]2 A2 R BRI, T R 4% B 0 ) S o i
R o [, 5 MR Al R AR} T2 R
MHEBLVER, Eah22IBaRG. BTk, i 2 AR
SR TG AR o 2 S A T AR T

PR s 27 S
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D D D B Resultant velocity

v, v/(mes)
5.000%x 1072
2.417X 1072

-1.667X107

-2.750% 1072

-5.333% 1072

-7.917%1072

-1.050% 107"

-1.308x 107!

-1.567% 107" /

-1.825% 107!

-2.083% 107"

-2.342% 107"

-2.600% 107"

-4.139% 107"

D=16 mm

(a) (b) (c) (d)

E7  TAEAKELS mmAl 10 mmbs AN [R5 H 80T 1R 32 R 3 (B v 5 R Ak o TBOK 3 49)
Fig.7 Flow fields and velocity fields at different speeds: (a) L=15 mm, v5=vy,=0.08 m/s; (b) L=10 mm, vz=vy,=0.08 m/s; (c)
L=10 mm, v5=vpg=0.10 m/s; (d) Velocity vector, vao=vyz=0.08 m/s
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E8 AFFH LR A B
Fig.8 Flow of billets by different interface proportions: (a) vai=vyg=0.10 m/s, =0.16 s, 5:5; (b) v4=0.10 m/s, vp;=0.12 m/s, =0.16
S, 5:5; (¢) va=0.09 m/s, v\y;=0.16 m/s, £=0.09 s, 7:3; (d) vo=0.09 m/s, vy;=0.16 m/s, =0.12 s, 7:3;
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35 HEFREMSH

K9 B N FHmgs &l 3:7 B, AEPRRH 4
FAMEPEN 2 95 A8 x WM. nTLLEH, BEAE R
FHEAT, 2 W50 x AR &K, BTbl, 458
TFT PR T T (o AR 1 ) 45 AN KT A B B (Max
AL Min) vF 543 6N 2 BSR4 F8 22 43 0k
4.979 1 mm f1 5 mm, #EEALETAHEGERIIEE S
mm, TLL, ZiGHRELE e 2 Pl RO B[R — A
TR 2 AT LA A L, B B R,
B B NP, 5 A T P37 3 A [ 52 11

0

_2 .
£
E
3
5 -4f
g
8
& ¢l
Z -6

-8t Min-8.814 41

0 0.05 0.10 0.15 0.20

Time/s
E9  PIRELANA T2 xRS
Fig.9 x-displacement of two nodes on outer boundary of two
billets: 1—v5=v\z=0.10 m/s, U; of node on inner billet; 2—
vaimvmg=0.12 m/s, U, of node on inner billet; 3—v,=vy,=0.10
m/s, U; of node on outer billet; 4—v,=vy;=0.12 m/s, U; of

node on outer billet

iAW ESI R85 G, WO SRS
ERM e, M mas Al 3:7, A SR
B4R AN 0.08 my/s IS, 9 FiL T [a] f R fk g (1) 4%
il 10 pion. BEA SRR G4 2 A4 0.09 s
A b A AR sy, T L A ) ) ST 5 A A AR
fili )y, H¥A ) —HAATREGIRE, 75 0~10 kN Ju[H
WAL, TIIME R 2 kKN 224 o %) AFAE AR R 45 &
St AR R T, 1 RS A (A E ) R
GIRPLORUE, 1T H% ) S BiAE 5% ol BE AN St i 45 6 L
ARtk Az 1k .

P ZE G LR 307 I, AEPI R AR T £ 2
ARG 930 2 1R y A, W 11 PR, PR
BHE 2 AN A y A, EARIEE N 2 448
SEPATIN, IXRUE B EE AT 2 15 AU p 1) BE A
A, BTCL, BT R, BRSSP AN
RAAIR, dia iU EER P TRE,

Force/kN

0 0.05 0.10 0.15 0.20
Time/s

E10 PRk In )

Fig.10 Contact force between two billets

Displacement/mm
"
=
sl

0 0.05 0.10 0.15 0.20
Time/s

11 PIRELANL AP Sy A

Fig.11 y-displacement of two nodes on outer boundary of two
billets: 1—v,=v\=0.10 m/s, U, of node on inner billet; 2—
var-vmg=0.10 m/s, U, of node on outer billet; 3—vy=vy;=0.12
m/s, U, of node on inner billet; 4—v,=vyz=0.12 m/s, U, of

node on outer billet

R 3 FEANAH TS, PR R AR 2 B 2 ke
Ko BEI G5 ST AR S T REERE Sy o 85 A TR
2 MM RAIN, ST BRI G S AL AT
(et 20/

4 ZEig

1) BrIAb T2 B A KA3S6FIAZOIDA 45, ARE
A356 5 4 I 45F M B2 AN /N T-0.10 mvs, el 40.12
m/s, AZ9IDFIEEA/NT0.08 m/s, A3S56[HH]UHHE
AMET590 C, BEALE M 25 G THEfil 5 75 AR 7T 4 E 1) B
A 2 ] AR B DX
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2) lﬁﬁﬁ? }%TE,E\- ] Iﬁz T-“ﬁ" * E j’\] 10 mmft, iﬁﬁ element simulation on the reheating temperature field of
ERIENEZE S, semi-solid A356 aluminum alloy[J]. Transactions of Metal Heat

3) A% I fa] A/ 2 T P HEASE 5 KT 1A 2 T )

BEKE, AR T4 A TS s &, [, SRR
P 2 T TR B O 8146 410 mim 75«

4) H{YmEE At 37, HAHRHG BT R A

I, 4565 AR A7 A ol — e i, RIS ) A
FEIRTIERT e W0 (R AN — R, 5 I o) A4
s A EERE S R 3C TR T
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