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Table 1 Chemical compositions of AA2024-H18 (mass

fraction, %)

Si Fe Cu Mn Mg Cr Zn Ti Al
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Fig. 1 Hot forming die with synchronous cooling (Unit: mm)
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Fig. 2 Flow-sheet of forming experiment: (a) Hot forming with synchronous cooling; (b) Cold forming technique
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Fig. 3 Schematic diagram of specimens for uniaxial tensile

test (Unit: mm)
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Fig. 4 AA2024 aluminum alloy samples formed under

different conditions

2.2 ERLALR KR F

Bl 5 Prosh 96h AR I RS ) 25V H) O
AA2024 B35 SRR B (RS (10657 W A AL 21
Bl 5 wT DU, 3RS i b S 1 detobsr R
AEAE—E 220 s AR S A I, Aok R R 4 AR %
AR, AFE R EAE N 10 pm 2247 4070 b
s 1A Eh AR T AMI, ok R AR K E 50 pm
P 10 pm AN SR, IR —Jr M. Bl 5(b)
PR X sl 12 g bty BT AEBUB R
REARBAZE, SRR BT WL, 7EPE
HIHIELFE R AA2024 556 40 Wohn RS I AR 02K
REFAR AR AR, b

2 96 h RIS PIRNAS 6] 8 123k 1
AA2024 GG TE I IR A A s DL an & 6
Fias, Hor A HIFABOERFE RS T RS

"‘ ; \ f‘: » :\/ A f) r\s—«} - & 3 3 .%i‘_im
BE5 D% AR B S R e A R AL 41

Fig. 5 Microstructures of cross section in formed region of

hot forming with synchronous cooling sample: (a) Inside of
bending cross section; (b) Middle of bending cross section; (c¢)

Outside of bending cross section
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Fig. 6 Dislocation distribution of sample: (a) Hot forming

with synchronous cooling sample; (b) Cold forming sample
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Fig. 7 Micromorphologies ((al), (bl), (c1)), diffraction patterns ((a2), (b2), (c2)) and energy spectra ((c3), (b3), (c3)) of alloy phase

in formed region of hot forming with synchronous cooling sample: (al), (a2), (a3) Eutectic phase; (b1), (b2), (b3) Dispersion phase;

(cl), (c2), (c3) Precipitated phase
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Fig. 8 Morphologies of dispersion phase pin dislocations and subgrain boundaries (In unformed region of hot forming with

synchronous cooling sample): (a) Pining dislocations; (b) Pining subgrain boundaries
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Fig. 9 Final strength of AA2024 aluminum alloy sample (Region 4 in cold forming sample was crack, so strength of where did not

be tested): (a) Ultimate tensile strength; (b) Yield strength
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Strengthening mechanism of hot forming with
synchronous cooling of AA2024-H18 aluminum alloy

CHEN Guo-liang" % CHEN Ming-he', WANG Ning', SUN Jia-wei'

(1. College of Mechanical and Electrical Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China
2. Department of Mould Technology, Changzhou Institute of Mechatronic Technology, Changzhou 213164, China)

Abstract: Hot forming test with synchronous cooling, metallographic and TEM observation and tensile test were
performed to investigate the influence of hot forming with synchronous cooling operations on the microstructure
evolution and strengthening mechanism of AA2024-H18 aluminum alloy. The results show that, the yield strength of hot
formed AA2024 sheet with 96 h natural aging is 4%, which is superior to that of traditionally formed sheet, and
meanwhile, the tensile strength is increased by 12%. Based on the microstructure observation and analysis, the
strengthening is generated by the increase of the dislocation density and precipitation of some fine acicular particles in
form of Al,CuMg ($"). The main strengthening mechanism of AA2024 aluminum alloy underwent hot forming with
synchronous cooling is the pinning effect of dispersoid phase Al,Cu,Mn; (7) and precipitated phase Al,CuMg (S') on
dislocation as well as the interaction of dislocation.

Key words: hot forming with synchronous cooling; AA2024 aluminum alloy; microstructure; strengthening mechanism;

mechanical behavior
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