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Abstract

In order to optimize the extrusion process of high-strength aluminum alloy strips, the orthogonal
simulation tests were carried out by using finite element software by analyzing the die and
process factors. The results show that when the thickness of die bearing was 8 mm, the depth of
the flow-guiding hole was 38 mm, the speed of extrusion rod was 1.0 mm/s and the temperature of
billet was 340°C, the metal flow rate and temperature of the extrusion strips were the most uni-
form, and the specific pressure of the extrusion inner cylinder was the lowest. The optimal para-
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meter was used for the actual production, and the qualified 7075 aluminum alloy strips were ex-
truded to prove the reliability of the simulation results.
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7075 J& T Al-Zn-Mg-Cu Z = i rm e & 4, BRLEAT 25 A S0 iy S5 00 AT IR P p R S 1
JZ R AU AR . PUESSE A i B SE QU] [2] [3]. HbTHaSURER. BRI,
AN 75 B T R ()57 B 4%, T OB S B R R v BB F L. R 22 550 b, e R B A
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Figure 1. Die structure. (a) Cross section view; (b) Top view
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Figure 2. Extrusion process
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R AR Ak, ARERFEINE. K2, HIETEEE, 4R, HeEn
TTHA R, A5 T B R LA I IR ST AR, AR T S KR B 75 4 [13].
3. R

TR 7075 HM BRI IR B8 S, RSO TAEH K. SIRALIERE . BT g5
54 RE 4 KT R B (RSB E 1), % L16 (4% I R & BABIIAT 7 R (£ 2).

Table 1. Test factors and levels

# 1 R ERSKE

TIPS
K A B C D
TAEH K& /mm FIALIEE/mm B EATE mm/s PEEEIREIC
1 6 38 0.6 320
2 8 40 0.8 340
3 10 42 1.0 360
4 12 44 12 380
Table 2. Orthogonal simulation test
2. EXEMIKAKAR
fRtne R TAEH K& /mm FIALIEE/mm RT3 mm/s EEE IR I C
1 6 38 1.0 360
2 8 40 0.6 340
3 10 44 1.0 380
4 12 40 0.6 320
5 6 42 0.6 380
6 8 38 1.0 340
7 10 38 0.6 360
8 12 42 1.0 340
9 6 38 1.2 320
10 8 42 0.8 360
11 10 42 1.2 320
12 12 38 0.8 380
13 6 44 0.8 320
14 8 42 1.2 380
15 10 42 0.8 340
16 12 44 1.2 360
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Figure 3. Finite element model for strip extrusion
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BrIEHEM A 7075 8864, SR ROWUH IE 5% BB £ 28 (Sine Hyperbolic Inverse) [14], Rf:

gexp (ISI’] i

M

1 .
o =—arcsinh
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Kb o ARSI o AMBISE, SREAR: & AN, Q MiEiat: R N UAKWE: T Mk
s AENAER T EI%G n RN R

XF IR M 7075 4144, a=141x10°Pa™, Q=1.294x10°J/mol , R=8.314J-(mol-K)™",
A=1.027x10°, n=5.41. PRI\ KEIEY = 4x10° Pa, JHFALL 0 =0.35, %/ p = 2.8x10°kg/m® ,
H#C=960J/(kg-K), T3 k=17.3W/(m-K). @LHHAE 7075 HEEMARLRML, WE
4 F7R.
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Figure 4. Constitutive relation curves of 7075 aluminium alloy
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Table 3. Process parameters

#3 I8
TH 24
PEREER 390 mm
5 Ik fai 400°C
RS 705 mm
B ELAT (UL D) 380 mm
P EE R AR BE (A1) 20°C
B Ui FEE A P (R ) 0C
ERKE 25 mm
AR 400°C
PrE L 14.8
Table 4. Die parameters
4. EEEBH
T H ZH
M H134A
mRE 7.78 x 10° kg/m?®
bb #4 460 J/(kg'K)
X35 24.3 W/(mK)
Y& GH 24.3 W/(m'K)
2T H 24.3 W/(m'K)
PRFARIR o w/mé
T IR 2.1x 10" Pa
HER /N = 0.35
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Figure 5. Simulation of extrusion velocity distribution of strip’s cross section. (a) Test 1; (b) Test 2; (c) Test 3; (d) Test 4; (e)
Test 5; (f) Test 6; (g) Test 7; (h) Test 8; (i) Test 9; (j) Test 10; (k) Test 11; (1) Test 12; (m) Test 13; (n) Test 14; (o) Test 15;
(p) Test 16

B 5. HHMEEFERESHIRMER. () W3 1; (b) K 2; (¢) I 3; (d) R 4; (e) K 5; () I 6; (0)
W 7; (h) K3 8; (i) I 9; () WL 10; (k) I 11; (1) WI& 12; (m) 3G 13; (n) KL 14; (o) K& 15; (p)
e 16

Table 5. Boundary conditions

=5 BAEH

TH PEERTY R FH R HWI(m?C)
PR 55 ¥
S HT R P 0.4 3000
FRALEEA A 0.4 3000
PEEE SRR, PEt 0.4 3000
AR SR A 0.4 3000
He# E d 7
i &

D HER ECAL IR MR A SR, 750 e At P A B SO AT VAR, BN HERA R T b b 22 N ) 50
AN A R AT AR R AN T ZE (151 BL, AR

Ve = Viax ~ Vimin (2)
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Figure 6. The range and standard deviation of the strip’s extrusion velocity. (a) Extrusion velocity range; (b) Standard devia-
tion of extrusion velocity
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XPEG 5~k 8 HEATHY IR BRI, JESIR AKX A @) B AT B T MR = T 5. 18] 7
TR T HEMAEST RS i AR IR A, & 8 N HEM BT IRV B ST 2
AL, 688 5~8 IIHEM iR IR AE AR 460°C~470°C VBRI A, $9MKT 7075 BRI . o, k38 5. 7.
8 [FIHEAA oy it P2 W R A1 06 6 (R HEAS I X TRy 451°C~465°C, Hobl Z (53477 2 iR, i

5.3. FTENEELE

LU R AR RS A f AT AR 77, VPN T R 0 2 s, AT
Py = % (4)

A Py WHE: FONSTENUSE 77 S,y Pt A R R R T THT A

SR 5~8 HHATHE N AT R, BB ARQMA RGN R AT T ZRW 2. 9 M
10 73 AR R N LR 0 A, EERTaRE . RZEE 5577 2 E. B, 4 5 oK R A S
it 625 MPa (5 J5/NT 75 MN), HILEEHE SR ZEES iR Hd, {58 6 MR T7 2D,
KA 595.62 MPa, Lt At 3 413056 (1 % K LL R A AR 10~20 MPa.

CREHEHM BT HOEE . A IS, DS RN RSO, dalar s, il5e 6 1)
A N, B AR 8 mm, S SLIAEE Y 38 mm, £ AT H A 1.0 mm/s, #EEiR Eh 340°C .
TEMSHH G RIERL T, HEM 0 R $5s o FE T ik 3] 15.69 mm/s.
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Figure 7. Simulation of extrusion temperature distribution of strip’s cross section. (a) Test 5; (b) Test 6; (c) Test 7; (d) Test 8
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Figure 8. The range and standard deviation of the strip’s extrusion temperature. (a) Extrusion
temperature range; (b) Standard deviation of extrusion temperature
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Figure 9. Simulation of specific pressure distribution of extrusion cylinder (side view). (a) Test 5; (b) Test 6; (c) Test 7; (d)

Test 8
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Figure 10. The range and standard deviation of the extrusion cylinder’s specific pressure. (a) Specific pressure
rang; (b) Standard deviation of specific pressure
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Figure 11. Extrusion of 7075 aluminum alloy strip after parameter optimization
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