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Fig.1 Cross section structure and dimensions of the support

beam profile
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Fig.2 Extrusion physical model (a) of the support beam profile
and die (b)
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Table 1 Simulation experiment numbers and extrusion

processes
Number Extrusion Eemperature/ Extrusion ipeed/
C mm-s
[ 470 0.1
II 470 0.2
il 470 0.3
IV 470 0.4

1.3 HEHERSH

Bl 3 Fros b SCPER B AR AN IR 20N il B 43 A
B0 5L, 76 4 PRI T2 F SR A0 2 00
I e, R N AT B e, TS AR e
R ATE DL RO IS, BIRHR, i
LY 7 NN PR iR (D VAT TREY S TS g 11T G
B, DX R SR R SRR AR [R], AR TR A Y, P
UL Ll b SRR TOU ) . () A R ) B i d 2 i
FOAEE DR, T LU DI B JEL /N T IR R T 3, AR B
AN, DRI B LG A TR AR . LR, RS A A AR AR )
I, Bl 5 e T8 RE R38O, S4B 1) et e et B 52 T
i, K 3a, 3b, 3c, 3d I EiL K IR 485, 499,
511, 522 C. BHAHREBEMIEA, EHALS AR
M G0N, FORHERT s O 2 o g B AR TR K, PR
A7 IS T) PN R N AR SO, RIS, 7 A )28 T At AF B 3
T, DR T S R RORA I A A T v, I e JE A B
Thimre BeAh, HrRHE BRI 0.1 mm/s, SCHEZETRFT
T 11~14 C.
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Fig.3 Temperature distribution of the support beam profile in

different processes: (a) process I , (b) process I, (c) process

[II, and (d) process IV
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— 2.668¢+000 rrm/seca — 5.069%-+000 n'm/secb
— 2.401e+000 mm/sec — 4.562e+000 mm/sec
— 2.134e+000 mm/sec — 4,055+000 mm/sec
— 1.868e+000 mm/sec — 3.548+000 mm/sec
— 1.601e+000 mm/sec — 3.042+000 mm/sec
— 1.334¢+000 mm/sec — 2.535¢+000 mm/sec
— 1.067¢+000 mm/sec — 2.028e+000 mm/sec
— 8.004e-001 mm/sec i — 1.521e+000 mm/sec
— 5.336e-001 mm/sec ¢ — 1.014+000 mm/sec
e | | — 5063001 mm/sec
)™= — 0 000e+000 mm/sec ) — 0 000e+000 mm/sec
— 7.503e+000 mm/sec ¢ — 9.937e+000 mm/sec
— 6.753e+000 mm/sec — 8.944e+000 mm/sec
— 6.002e+000 mm/sec — 7.950e+000 mm/sec
— 5.252¢+000 mm/sec — 6.956e+000 mm/sec
— 4.502¢+000 mm/sec — 5.962e+000 mm/sec
— 3.751e+000 mm/sec — 4.969+000 mm/sec
— 3.001e+000 mm/sec — 3.975¢+000 mm/sec
) — 2.251e+000 mm/sec { — 2.981e+000 mm/sec
— 1.501e+000 mm/sec ’ — 1.987e+000 mm/sec
d o — 7503001 mm/sec dEFack — 9937001 mm/sec
"= _ 0 000e+000 mm/sec )™ — 0 000e+000 mm/sec
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Fig.4  Velocity distribution of the support beam profile in
different processes: (a) process [, (b) processll,

(¢) process 1II, and (d) process IV
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Fig.5 Maximum pressure and extrusion force of the support

beam profile in different processes: (a) maximum pressure

and (b) maximum extrusion force
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438.1, 461.7, 495.0 MPa. It4b, MFEFFELET,
RURE 25 Ry LA 5 1 B K ) B/ T AR AR A 1) 8 K s
71, W SCHEER BB I SR, b T A SRR
BEE FR AR TP AR BB ) BT R, Ak
[ A 15K, ARz R B R R, &AL R
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BRI s 11 5 E A F) 0.4 mm/s I, e KHF
JE 7 T 5 AL AFRES s J736 L, A HE DL R

*2 ZERBEMEHRLEHENER
Table 2 Simulation results of the support beam profile after

structural optimization

Maximum Maximum
Number .
temperature/‘C speed/mm-s’
I 484 2.663
I 497 5.093
I 510 7.482

v 520 9.927
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— 35294002 MPa — 4.381e+002 MPa

— 3.176e+002 MPa — 3.943e+002 MPa

% — 2.823e+002 MPa — 3.505¢+002 MPa

— 2.470e+002 MPa — 3.067e+002 MPa

— 2.117e+002 MPa — 2.62%+002 MPa

— 1.764e+002 MPa — 2.191e+002 MPa

— 1.411e+002 MPa — 1.752e+002 MPa

— 1.059%+002 MPa — 1.314e+002 MPa

— 7.057e+001 MPa — 8.762e+001 MPa

— 3.52%+001 MPa — 4.381e+001 MPa

)™= — 0.000e+000 MPa —u000e+000MPa

— 4617e+002MPa° —49505+002MF3
— 4.155e+002 MPa — 4.455e+002 MPa
— 3.694e+002 MPa — 3.960e+002 MPa
— 3.232e+002 MPa — 3.465¢+002 MPa
— 2.770e+002 MPa — 2.970e+002 MPa
— 2.309%+002 MPa — 2.475e+002 MPa
— 1.847e+002 MPa — 1.980e+002 MPa
— 1.385+002 MPa — 1.485¢+002 MPa
— 9.234e+001 MPa —9.901e+001 MPa
— 4617e+001 MPa — 4.950e+001 MPa
)™= — 0,000e+000 MPa — 0.000e+000 MPa
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Fig.6  Pressure distribution of the support beam profile after

structural optimization in different processes: (a) process I,

(b) process I, (c) process III, and (d) process IV
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Fig.7 Maximum extrusion force of the support beam profile

after structural optimization in different processes
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KH 3600 T HrEML, WEEBRH 460 C, 54t K )1
Jo, B ERELE 0.3 mm/s AT FRN, seHral
BepEEE, DUABIVER . SERUMLURI H I, T
SRR 4 I R Y o

Kl 8 P H#RUMB IR R . Kl 8a
e SCHEE UM R IR 1 IR, B 5% H I T B
RRITFZING . & 8b J& BB 3K i, BR2isk
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WA IS . 8 8c Pun 2 SR
PIEE I, R RS TR T RS R, & 4
DX 5k fr B JE S AE AVP IR 220 N . B 8d T, A2 S dE
PR TSR I, WA I RS g, H
HRIEM X, 2 1T Mg-9Gd-4Y-1Zn- 0.8Mn & 4
Fis Foc RS, B R R B IR LS
SR UL, B0 0B S8 SRR IR R B AR R
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¥
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Fig.8 Extrusion results of the support beam profile: (a) extruded
profile at the scene, (b) overall profile, (c) cross profile,

and (d) upside
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F IR 5], BTG ARAL & 4 R AR FE AL
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T FL T B R J7 1P P A 9 o, Mo,
Kl 9a~9e 73X MW XK 1. 2. 3. 4. 5, BT 5 AKX
SRR RS LR Al /N HAA AT, ok RSP AE 20~50 pum,
BEA BB S AT, BB OB G BEARHOR AR T 58
ARG AR SAHAREZRNA K, HAFER
Z 105 T AH  URLAR B T AH 23 A0 A5 di S AL R P
POIREE “AH P ATAE SO RL N 3B s VF 2 Rk A L A7 7R K
H1 LPSO A (K FIIMESAG P A « U AR IE $ s
TET, BB RhE A ZU5) . R4 /N ) S 4 3

BB, PR T BRLES R IR . ] Of AR AR
HLO X ESAR T, T RR NG R4 8, %A
K FRAIE, ARLEARR R, REs L 100 pm,
FEBF IR T JURAE T s [a] 5 R 4 1 45 o
[, A AHAL b 28 AR >, %A LPSO AHI
Brih
3.4 AFtENiR

Pl 1B 1. 24 3. 4y 5L S MBI HE
WV HORE,  HEAT F BT R S, WS R R I ) 2
PERE . R EE 2 SCHE UM AT I A B, IR 2R
400 CLRIE 10 h, /KA JELE 200 CLRIE 50 ho XFI 2%
S (R B LUAH [R) J7 RIOFE, BEAT SR b Ak, 2 Ik

%3 ZEFRRMAE XIS
Table 3 Composition of the support beam profile in different

areas (/%)

Area Mg Gd Y Zn Mn Fe Si
1 Bal. 875 380 1.34 0.84 0.0137 0.0005
2 Bal. 876 381 144 0.82 0.0167 0.0008
3 Bal. 878 3.81 1.19 0.83 0.0154 0.0011
4 Bal. 866 382 1.23 0.86 0.0123 0.0009
5 Bal. 875 380 132 0.85 0.0134 0.0006
Range Bal. 8.5~9.0 3.8~4.5 1.0~1.5 0.8~1.0 <0.003 <0.003

KO SCHEBERUREAS [ X SO0 4 47

Fig.9 Microstructures of the support beam profile in different areas: (a) area 1, (b) area 2, (c) area 3, (d) area 4, (e) area 5, and

(f) extrusion oddment
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PR 25 WP 10 F3 4 Fion. B 10a &SRR
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CL b, mUFMgEs J12E e b Bihras & 391 MPa, 4
R 11.3%. %45 R KW, Mg-9Gd-4Y-1Zn-0.8Mn &
S T FHERIEG, 2T 28 124 et
R SCEERAIM, S 2 SCUE I T Sl 45 R ) 1E A 1
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$&5 T 70~100 MPa, IlifIZRE J1 24 R Bihr i
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Fig.10 Mechanical properties of the support beam profile in
different areas: (a) extruded mechanical properties and

(b) aged mechanical properties

x4 ZERBMAE KBS FEEE
Table 4 Mechanical properties of the support beam profile in

different areas

UTS/MPa YTS/MPa EL/%
Area Extruded Aged Extruded Aged Extruded Aged
1 391 464 266 262 11.3 14.7
2 382 475 232 316 10.7 9.7
3 388 471 246 280 11.8 119
4 373 475 237 314 11.5 8.8
5 370 460 241 303 11.6 11.7

J& 475 MPa, ZEHR 9.7%. & 44T Mg-RE
DUEREALAR S LPSO AH, [RIN$& % T 9% Besh, 7
IS ZUHTHEAT 400 °C I [l v b B, A4 58— AH S [ 9 gk
Mg Hefk, SRJGFIRETH, R, fEER LPSO
AR HUIR LPSO AHELAR . SR B 25 — AH X B8 Ak
AN S, MO LPSO AHAT B T4 & 4 9 1k .
DRI, SCH# GE TRORE I 80 IR it B I S 4 v, i L
BN .

4 £ %

1) K HAK w5 B0 Bk A 4 S 13 2 TR M A8 5% TR BB
R, BB ROEE I OR, B R e . AR
S PO R SR} K s ) B T A s K s I B G K
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o~ TSI AN A O, AH & X ZE A
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T BRI SR AR, R K ) R BT 7 B KB
B BRAIC: AR TR UE KRR S ik BB & & S R M fie
FI)FE R BOE AT, e b Tk T2, RIF R
LT 470 °C, B 0.3 mm/s, % L2 PRk
B 714 34 606 kN,

3) AR L2, mofles TP R
I SR TR B (0 R s ) B G e S e
M, IF BSR4y 394 HAL R0, S0 T Bl 45
F ER T .

4) UM IS A I BT R B AR /E 370 MPa
PLE, ZERAE 10%LL I, fmisE ik E 391 MPa,
SR TSR PEREAL R, DR I T AL h B 0 I A
AL BR S, M & X I o P B B 2, B 460
MPa DL b, SEMZBETL N B, ik 8%, kil
#| 475 MPa.
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Numerical Simulation and Experimental Study on Extrusion Forming of High Strength
Tough Magnesium Alloy Large Size Profiles

Wang Jingfeng'~, Peng Xing'?, Wang Kui'*, Hu Hao', Gao Shiqing'~*, Wang Jinxing'?, Pan Fusheng’

(1. Chongqing University, Chongqing 400044, China)

(2. National Engineering Research Center for Magnesium Alloys, Chongqing 400044, China)
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Abstract: HyperXtrude software was used to simulate the profile structure of the large-size high-strength and tough
Mg-9Gd-4Y-1Zn-0.8Mn alloy rail transit support beam. Under the premise of ensuring the successful extrusion of large-size high-strength
and tough magnesium alloy support beam profiles, the preferred process was determined, in which the extrusion temperature is 470 °C, the
extrusion speed is 0.3 mm/s, and the maximum pressing force required under the process is 34 606 kN. The large-size high-strength and
tough magnesium alloy support beam profile used in rail transit with good surface quality, uniform composition and homogeneous
structure was successfully prepared. The tensile strength of each part of the profile is above 370 MPa, the elongation is above 10%, and
the highest strength is 391 MPa. The strength of the aging state is obviously improved, reaching 460 MPa or more, and the elongation is
slightly decreased, exceeding 8%. The highest strength reaches 475 MPa.

Key words: high strength tough magnesium alloy; extrusion; numeric simulation; mechanical properties

Corresponding author: Wang Jingfeng, Ph. D., Professor, National Engineering Research Center for Magnesium Alloys, Chongqing
University, Chongqing 400044, P. R. China, Tel: 0086-23-65112153, E-mail: jingfengwang@163.com



