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Table 1 Chemical Composition of experimental steel (mass

fraction, %)

Si Fe Cu Mn Mg Cr Zn Ti Zr

0.05 0.04 218 0.003 2.09 0.01 825 0.02 0.13

(2)

1 RSB Y =i Al-Zn-Mg-Cu &4 R UG 2021
Fig. 1 Microstructures of extrusion high strength Al-Zn-Mg-
Cu alloy by spray forming: (a) Transverse; (b) Longitudinal

Control system |/
o

&2 Gleeble # I AR~ 5 K
Fig. 2 Schematic diagram of thermal compression by using

Gleeble thermal simulation machine
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Fig. 3 Flow stress curves of alloy obtained under different
deformation conditions: (a) Strain rate of 10 s’; (b)

Temperature at 425 C
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Fig. 4 Relationship between setting temperature and
measured temperature under different deformation conditions:

(a) Temperature of 425 “C; (b) Strain rate of 1 s~
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Fig. 5 Linear relationship between ¢ and 7°' at strain 0.25

and strain rate 1 s
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Fig. 6 Corrected true stress—true strain curves at deformation
temperature of 425 ‘C
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Table 2 Flow stress correction for temperature rising of 1 s~ when ¢=0.25

Preset Measured Value of temperature Measured stress/ Corrected stress/ Stress difference/
temperature/ ‘C temperature/‘C rise/'C MPa MPa MPa
350 384 34 91.6 104.8 13.2
375 399 24 85.9 95.0 9.1
400 420 20 80.7 86.4 5.7
425 441 16 71.5 77.9 6.4
450 461 11 65.3 70.4 5.1
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Fig. 7 Corrected true stress—true strain curves with high strain rates: (a) 1 s (b) 55 (c) 10s™"; (d) 205!

Z BRGEE WM BHEAS R A8 2644 F I AR AT
N, BE Z BRSNS B BB, B
(HAMRQ)ATERAEN T 0 5 Z AW T XK &

Z = A[sinh(ao)]" (3)

X B AT AR . PO R R S
B H PR THEIE JG N AR & 0.2 B AR B gk 3
iR

3BT 0.2 A RN H

Table 3 Material constants when true strain of 0.2

Strain o n (0] A
0.2 0.009897 6.4304 94033
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Process map of spray forming high strength
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Plastic deformation behavior of
spray formed high-strength Al-Zn-Mg-Cu alloy at high strain rate

YANG Yu-tong', LUO Rui', CHENG Xiao-nong', CHEN Le-li', GUI Xiang',
WANG Wei', ZHANG Zhen?, GAO Shi-yuan®

(1. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Jiangsu Haoran Spray Forming Alloy Co., Ltd., Zhenjiang 212009, China)

Abstract: The thermal compression test of extruded spray formed Al-Zn-Mg-Cu high strength aluminum alloy at high
strain rate was performed on Gleeble—3500 thermo-mechanical simulator. The high temperature plastic deformation
behavior of the material at deformation temperature of 350-450 °‘C and high strain rate of 1-20 s~' was systematically
studied. Considering the influence of adiabatic heating, the flow stress curve of material was corrected by extrapolation,
and the material constitutive model was constructed. The processing maps were constructed based on the dynamic
material model, and the microstructure characteristics in different deformation conditions were determined. The results
show that the flow stress curves of the alloy exhibit typical dynamic recovery characteristics. With the increase of strain
rate, the adiabatic temperature rise becomes more obvious. The processing maps and the microstructure characteristics of
different deformation regions show that there are three hazardous processing zones at (350—420 C, 1-3 s '),
(350-390 “C, 7-20 s ") and (425-450 °C, 2-20 s ') which should be avoided to prevent the occurrence of instability and
cracking in the hazardous area. There are two safe processing zones, (350370 ‘C, 4-7 s ') and (395—425 °C, 14-20 s ")
which should be selected for hot working.

Key words: spray forming; Al-Zn-Mg-Cu alloy; high strain rate; hot deformation
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