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Table 1 Deviation analysis of 6005A extrusion sections

Factors
Sample No. Extrusion Extrusion 0, »/ M Pa
Quenching type
temperature/ C velocity/ (m®*min~ ")
1 1 1 1 160
2 1 2 2 279
3 1 3 3 175
4 2 1 2 259
5 2 2 3 185
6 2 3 1 197
7 3 1 3 169
8 3 2 1 210
9 3 3 2 285
I; 614 588 567
II; 641 674 823
111 664 657 529
R; 50 86 294
(17+ T+ T5)/3 409 591. 0 410 556. 3 426 219.7
£ 2 2 2
S; 417.6 1382.9 17 046.3
V; 208. 8 691.4 8 523.1
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Table 2 M echanical properties of 6005A sections extruded under different conditions

Extrusion Extrusion velocity/ o,/ Gy o/ &5/
Quenching type Aging HBS

temperature/ C (m*min~ Y MPa MPa %
510 3 Fan quenching 217 186 14 60. 7
510 3 Waterspray quenching 302 284 11 84.1
530 1 Fan quenching 175 C,8 h 209 169 15 61.8
530 1 Waterspray quenching 290 265 15 82.6
530 3 Fan quenching 240 210 12 67.4

530" 3" W ater spray quenching 323 305 13.9 -

Standard data 260 215 8 60. 0
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Fig. 1 Grain morphologies of 6005A section extruded under different conditions

(a) —510 C, 3 m*min” ', fan quenching; (b) —510 C, 3 m*min"
(¢) =530 'C, 1 m*min" ', fan quenching; (d) —530 C, 1 m*min" ',

1 ;
, water spray quenching

water spray quenching

2 6005A FUKF T B-Mg,Si MBS

Fig.2 TEM morphologies of 5-Mg28i precipitating in 6005A extrusion sections
(a) —490 C, fan quenching; (b) —530 C, fan quenching; (c¢) —530 C, waterspray quenching
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Table 3 M echanical properties of 6005A sections after different

delay-time before press quenching

Solution Delay-time before

Aging HBS 0,/ MPa 0y o/ MPa AHBS/ % A O o %
temperature/ C quenching/ s

10 81.3 290 269 - 1.8 - 2.5

60 75.7 270 245 - 8.6 - 11.2
500 175 C,8 h

100 258.0 231 12.4 - 16.3

600 72.9 259 233 - 12.0 - 15.6

10 100. 1 358 350 -0.2 -0.3

60 . 100. 1 358 350 -0.2 -0.3
540 175 C,8 h

100 80. 1 286 264 - 20.1 -24.8

600 64.5 229 197 - 35.7 - 43.9

FEEAT N T2 Ab B, AR I (A1 35 10 s, 1 min,
3minj5, & 45 RS RIE KA 40 5 BEAK
3.9%, 7.8% Fl 18% . X — &5 R 5 AR 45 K —
2, U0V K HE R I T PR SiE K K B AIG A 4 2
rItkge .

22N E, KEB 5 4T 6005A A4 H ik
fEh 485~ 530 C, HYIE M SR N 50~ 100
‘C/ min, KERTHIEEKIEIRFTA] A 1~ 4 min . IXEX
I P 28 A4 2 10 it B2 K B 21 300~ 400 CAe Ay,
1R ) AT SR 5 T I UL B K . SBR[ 15 & B-
MgoSi AHTE 316~ 427 Ciu [l ] AT s th, TFaa T
HATHIZ2E I TRAL A 7~ 70 s . 6005A H A4 75 vk
AR IR ) P (R B R R, SR B AR AR R i B A
FHHE A PO AT H OE K . B R iR B A L BF
330 5 e, XA AR IR TR A, B I 2%
WM i, S ERE S SR 1 B AR, A
T 5 T4 1 e KR PR

ghA DL EXT AR LR v ok 7 2 R KA HIBR R R
K SE IR I TE) 6F 286 1 68 161 43 M, T LA Dy K AR
6005A U4 55 I IF 3 I Lk A7 7 2k 5ik il A4 3 K
(AHGEES> 5 Cls) BAA+ KEBEE K, LUK
ASTIRAZE VR KT A FE R B-MgeSi #3E Y
AIRTH, R B R B R R A 3 A [ R
77 L ZRE A KT A 013 AR <K S 3R I (1) 3 K T S 3k
RE P RS B2 AT

Fr L B 8 Rk 7 N T E S HO0
6005A & <o BUpF P BEAT B W W I 5 i, 94 oK 74 ) ik
JEHEFE 6005A A &M MR EE IS, #
T VAR KA H) 5 B AT AE AN T 3 BRI 6005A Y A4 VR
(1R 250 T B S 4 e A D B P R . E RV KA E

SREENIAR] S Cls DL b, fEZ/KZEE K4l 6005A
UMV e A 2EK

PR eV K VA HI S 0T 6005A & 4 A (1)
P4l i g DL S RN S AN K, (D BE K
AR E A RS L KK TR e K R B
IR IR B A AT H, R N Ak B R A A% UK 5D
77, AR S UREONT AT RO $ v B A 1
BE o VK EIR I 18] A SE KoK P B B AR AR AT HT
AT K, I H B N RO B A B A% 3R 3h 77,
N KR B AR R ) ) 2 1 .

REFERENCES

(11 g2, KRBT SRaE M R A T2 5 K
R[], £, 2001, 24(3): 1-17.
LIU Jing-an. Extrusion techniques and key technologies
for large commercial aluminium sections[ J]. Aluminium
Fabrication, 2001, 24(3): 1~ 7.

[2] X2, Bk WMEIRE RBIOR[M]. EIK:
HRK % HARAL. 1997, 230 - 242,
LIU Jing-an, ZHAO Yun-lu. Key Technology for Extru-
sion of Aluminium Alloys[ M]. Chongqing: Chongqing
University Press, 1997. 230 ~ 242.

[3] X%, AbMgSi 2G5 & AT T2 5 v $ k%
[J]. &1, 2002, 25(1): 1-5.
LIU Jing-an. Hot deformation technology and extrudabil-
ity of AFMg-Si series alloy[ J].
2002, 25(1): 1-5.

[4] Hassen P, Cahn R W, Haasen P, et al. Structure and

Aluminium Fabrication,

Properties of Nonferrous Metals| A]. Materials Science
and Technology: A Comprehensive Treatment, Vol. 8
[M]. Weinheim, Gernmay: VCH Verlagsgesselshcaft
GmbH, 1996. 248 ~ 250.

[5] Annenkoff A, Marchive D. Properties of 6106 and

6005A extrusion alloys| A]. Proceedings of the 2nd In-



L Yy T /YLy Ll Ny Mo L =N W ST L NNy U N

FIZERT 6005A £54x J) 5 1 it K L AL SE wi [ ]]
o A (A E 24 4R, 2001, 11(4): 603 ~ 606.

WANG Zhrwei, WANG Ming-pu, WANG Zheng an,
et al. Effects of orrline extrusion quenching technique on
mechanical properties and microscopic structure of 6005A
alloy employed in underground railway trains[ J]. The

Chinese Journal of Nonferrous Metals, 2001, 11(4): 603

,,,,,,,,,,,,,,,, i L w g asi
1998, 78(5): 340~ 348.

Gullotti D V, Crane J, Setzer W C. Isothermal trans-

FTTRTVETTIN

formation characteristics of several 6xxx series alloys
[A]. Proceedings of the 3rd International Aluminum
Extrusion T echnology Seminar, Vol. 1[ C]. Atlanta: A-
luminium Association Incorporation & Aluminium Ex-

truders Council, 1984, 1: 250~ 257.

Effect of press quenching variables on microstructures and
mechanical properties of 600SA alloy extrusion sections

SHEN Jian', LI Yarrli', ZHU Ming feng’
(1. General Research Institute for Nonferrous Metals, Beijing 100088, China;
2. Southwest Aluminium ( Group) Co. Ltd, Chongqing 401326, China)

Abstract: Effects of the type of press quenching, the cooling velocity and the delay time before press runrout quenching on the mi-
crostructures and mechanical properties of AFM g-Si (6005A) hollow sections were investigated by orthogonal optimizing method. The
results indicate that the increase of cooling rate of the extrusion profiles during press quenching, rather than preheating temperature
and extrusion speed, leads to significant improvement of the ultrastrengths of the sections with limited diminishing to the elongation,
while the shortened delay time before press quenching favors the increase of strength of the sections considerably. The mechanical
properties of the 6005A sections intensively water-spray quenched can meet the commercial application requirements for vehicle and

transportation industries.

Key words: 6005A alloy; press quenching; mechanical property; extrusion
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