FOEE 1
Vol.9 No. 1

TEEREREFR

The Chinese Journal of Nonferrous Metals

1999 4£ 3 H
Mar. 1999

S EEAREEN EMNE BAEMXmE

(FEEE ML,

Niw

IR 401326)

i FE RO THEESSEE RN R OCGRA R . SRS EE T WS S
1 A28 DL 28 IR 3% 2 TR A AR TR i AR L AME OCR, Ta iR 1A% e A0 by 5 — 5 58 TR 3 2 [ 9 O I
(6] (=S R AE . SEBRAIE Y. 5 H T e G B A S 1 22 Al btk MIL-H-6088G AR EL,  HT AR 5C 9 Ak 45 A 52 [
VA ORI TR T A 7 W 7 2 PR REAR 1 10% ~ 40% , K BE 4R i S MR AR AR, o/ #5120k, SEAT Aot

SR o R L
FHEE AT R
FEEDES TG249.9

HRB Bae

B RHEBOR IR RE, Rl S R E
AR E e, AR A < 0 o B R H ™
Fel b 20 AR G I T [ O A [
Vo DRt I 1) AT S8 DI Q3R AL 8 A (] Ol F
] A e R T R EOX L — AR, AT 2K
SRS A N T2 i, BT Er
JEBRAEDT s b, R B AR ) R
R G I T AL
V2NN AT X SN | B D L s TN
Fl O IR SO R e [ IR B P 4R A R
M 740 e 1 e R [ ORI I 1)

| QSN ]

1.1 #RERT B & EARIR R 8] 890 E

EREFS A 100 mm x 100 mm X 100 mm )
LD10 K F I s ty, %i— d 12 mm x 50 mm
L, K B4R 3 mm OB A A 25 A B 4 A fL
W 50mm AL, HFLER B, B EERR AT
BALS R AR BRIE R, AR5 KRl he
ACIIHE] 500 CH RY G-30-8 AL 4 £h vy 4
W . KN d 400 mm %X 570 mm . 55—
S LA N e R TR

@ Wk HE M 1998- 11- 30; & [EIHM: 1999- 01- 20

SEZHG WU 45 25 W AL BE AR AL Ah e a1
N, B 1 b a iR, k2 A& ER
[ RE, M4k 3 b & EPOFEELEE . b B A] A
BHAGE R[] 5 60 min, HALHGERE] 10 4 0. 6
min/ mm, <& J& 2 1IN AR TR] (RS A ORI 1]
te) A 13 min( ) .

600—
5400- 2/
fonol(
&
0 20 40 60 80

t /min

B 1 &I B A A i

Fig. 1 Temperature curves of every test point
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Table 1 Effect of deformation factor and holding time of solution on mechanical properties
Holding A= 4 A= 5 A= 6 d= 7 A= 10
time/ min 0y G, 2 8s Oy, G, 2 8s Oy ) 8s 0Oy Go. 2 8s Oy G2 8s
/MPa /MPa /% /MPa /MPa /% /MPa /MPa /% /MPa /MPa /% /MPa /MPa /%
35 418 382 7.5
40 413 376 7.1 445 409 9.1
45 409 371 6.8 439 403 8.6 482 451 10.8
50 407 369 6.5 434 398 8.2 471 438 10.3 481 449 10.9
55 405 367 6.3 431 395 8.1 466 432 9.8 470 437 10.4 480 448 11
60 428 391 7.9 461 429 9.5 465 431 9.9 469 436 10.5
65 456 423 9.2 459 427 9.6 464 429 10.1
70 455 421 9.3 458 426 9.7
75 454 419 9.4
GBn 223 —B4 412 — 8 412 8 412 8 412 8 412 8
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Table 2 Relationship betw een mechanical properties and
alloying, holding time of solution
LD2 LD5 LD10 LC4
Holding
time/ min O .2 8s O .2 8s O 9.2 8s G, 9.2 8s
/MPa  /MPa ! % /MPa /MPa !/ % /MPa  /MPa !/ % /MPa /MPa /%
25 278 241 10. 1
30 307 282 11.3 365 332 6.1
35 339 305 13.6 391 363 7.9 416 379 5.9
40 338 303 13.7 423 394 10. 8 443 407 7.8 512 476 4.6
45 337 301 13.7 422 391 10.9 479 441 10.7 545 516 5.7
50 421 389 11 478 439 10. 8 579 545 7.4
55 477 436 10.9 578 543 7.5
60 577 541 7.6
GBn 223 —B4 274 — 11 363 — 8 412 — 8 510 422 6
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Table 3 Relationship betw een mechanical properties and

products, holding time of solution

Bar stock Forging Hot rolling thick plate
Holding time
/ min Oy %0.2 85 O Go.2 85 G, 9%:2 85
/MPa /MPa ! % /MPa /MPa ! % /MPa /MPa ! %
70 453 418 8.2
75 478 447 9.9
80 502 471 11.3
85 501 468 11.4 415 386 6.7 436 349 4.1
90 500 466 11§ 431 403 7.6 451 362 4.6
95 499 464 11.6 452 426 8.8 472 388 5.4
100 476 449 10.7 497 421 6.3
105 475 447 10. 8 496 419 6.4
110 474 445 10.9 495 416 6.5
GB 3191 —82 451 — 10 — 8
GBn 223 —84 412 — 8
GB 3193 —82 432 343 5
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Table 4 Relationship between holding time of solution and

mechanical properties in different directions

Vertical properties

Horizontal properties

Altitude properties

Holding time

/ min O, 9.2 8s Oy, 0Op. 2 8s G, 0.2 8s
/MPa /MPa ! % /MPa  /MPa / % /MPa /M Pa / %
70 415 378 5.8
75 441 406 7.8 356 323 3.1
80 477 439 10. 6 378 349 3.5
85 476 437 10.7 399 361 3.9 338 312 2.1
90 475 435 10. 8 428 392 4.8 357 331 2.4
95 474 433 10. 8 427 391 4.9 381 356 2.8
100 426 389 5.0 402 375 3.9
105 401 373 4.0
110 399 371 4.1
GBn 223 —84 412 — 8 353 — 4 333 — 3
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Table 5 Relationship between mechanical

properties and holding time ( coarse grains)

Holding time Oy, O, 2 8s Grain size
/ min /MPa  /MPa ! % / mm
60 271 238 9.6 None
70 282 251 10. 8 1.3
80 299 268 11.9 2.5
90 321 286 12.8 3.2
100 346 319 14.3 4.1
110 345 317 14.4 5.3
GBn 223 —84 274 — 11 <3
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Table 6 Relationship betw een mechanical
properties and holding time of

solution ( coarse grain annulus( CGR))

Holding time 0, o ) CGR

/min /M Pa 0-2 ! % / mm

20 295 261 10.5 1.2

30 321 288 11.8 2.8

40 349 312 13.1 4.3

50 372 343 14.5 5.6

60 398 367 16.2 6.8

70 397 365 16.3 8.1
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Fig. 2 Aluminium billet fabricated by
MIL-H-6088G process

B3 MR T EARER
Fig. 3 Aluminium billet fabricated by

related strengthening process
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Table 1 Comparison of mechanical properties of LD10CS big triangle ring

MIL-H-6088G treating process

Related strengthening treating process

Vertical Horizontal Altitude Vertical Horizontal Altitude
0,/ MPa 398 374 350 492 475 456
0y.»/ M Pa 375 348 324 474 457 438
& % 8 4 2 11 6 4
StbE, TIRBARK, MmPEREE K ),
PR i 2 B [ s R, B () an 1] 4 s . Al 600
H MR T2 A1 f 122 R Fets 6, 9.2, soolt
SormuniE 5. K 6 FE 7 s . &
S 400}
700 © 300}
I 200
S00 | 10 30 50 70 90 110
g 400 | Thickness/mm
RS 300 }
: Bl 6 KHARLEN, EREE 0,5 FEFMKR
100
o , . , . Fig. 6 Relationships between yield strength
10 30 50 70 90 110 . .
Thickness./mm and thickness for different processes

B4 KNAFIZN,
It v DR Uk I 1) 5 J5 R R O R
Fig. 4 Relationships between solution holding
time and thickness for different processes

A —Related strengthening treating process

O —MIL-H-6088G treating process

600
D\
500
&3
%400-
© 300}
10 30 SO 70 90 110
Thickness/mm

B 5 RHAAFLZN, fihRE o 5ELKKR
Fig. 5 Relationships between ultimate strength

and thicknesse for different processes
A —Related strengthening treating process

O —MIL-H-6088G treating process

A —Related strengthening treating process

O —M IL-H-6088G treating process

12
10
8 L
L 6}
S
4 =
2+ 1
0 R : . N
10 30 50 70 o0 110
Thickness/mm

B7 XRNAFLEN, EMFE § 5EERLR
Fig. 7 Relationships between elongation and

thickness for different processes
A —Related strengthening treating process

L —MIL-H-6088G treating process
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DISCIPLINES OF MULTIPLE FACTORS AFFECTING
SOLUTION TREATING OF ALUMINUM ALLOY

Zeng Sumin

Southw estern Aluminium Fabrication Plant, Chongqing 401326, P. R. China

ABSTRACT A multiple factor related strengthening technology on aluminum alloy solution treating is put forward. It

has fully considered various factors which influence the properties of aluminum alloy, as well as the interaction and inter-

compensation among them. It eliminates the onesidedness of the traditional method which determines the holding time of

solution only by the thickness. Compared to the American Military Standard M IL-H-6088G which is considered as the

most advanced one by now, the multiple-factor related strengthening technology can improve the mechanical properties of

aluminum alloy products by 10 to 40 percent, improve the plastic index obviously, reduce the anisotropy, and controll the

coarse grain and the coarse grain annulus effectively.

Key words solution treating

solution holding time

related strengthening

aluminum alloy
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