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Table 1 Compositions of alloy studied (mass fraction, %)

Cu Mg Mn Si Fe Al
3.95 1.68 0.40 <0.02 <0.02 Bal.

&2 REAMTZSH
Table 2 Technological parameter of rapid cold punching

Punch pass Diameter/mm Velocity/(mm-s ")
1 10 30
2 14 25
3 20 20
4 27 15

FEHTE A h R AT RER 172 Kb — 3R, E[
IR b 3 BORRE 147 400 20 200 8 RN A AR . R
JEM—F200 %433 5 B 45 (TEM) 23 B RE (K 489 K A H A
TESR RS A3 A7 328 560 R F U Ptk 74 %2 80 pm
JE A R AT BT, FREBC IR+ BE (TR R 5
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11375 5t B 85 (HAADF—STEM) WL 22 [ B 55 800 R -
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Fig. 1 Sketch maps of rapid cold punching process (a—Sample; b—Drawing die; c—Punch)
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B2 #HIEA Al-Cu-Mg 44/ STEM E
Fig. 2
Al-Cu-Mg alloy: (a) BF-STEM image;
(b) HAADF-STEM image; (c) [001]a
SAED
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Tortuosity

(c)

Necking down

B3 A S ALCuMg &4 S HAADF-STEM {2

Brittle failure

Fig. 3 HAADF-STEM images of S’ precipitates in Al-Cu-Mg alloy samples undergoing different passes: (a) 1 pass; (b) 2 pass; (c) 3

pass; (d) 4 pass (Insets are HRTEM images of S’ precipitates recorded along [001]4, direction)
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4 AEEERPES LTS Al-Cu-Mg & <l AL,
22
Fig. 4 Hardness as function of various passes of rapid cold

punching process
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Fig. 5 BF-STEM image of S’ precipitates in Al-Cu-Mg alloy

samples undergoing 3 pass
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Cu

B 6 4 EXBGEAMG Al-Cu-Mg & &4 H Al HAADF-STEM {4 & EDS il
Fig. 6 HAADF-STEM image (a) and EDS spectra((b), (c), (d)) of precipitated phase in Al-Cu-Mg alloy undergoing 4 pass
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B 7 AEEXRRGES S Al-Cu-Mg &4 XRD i
Fig. 7 XRD patterns of Al-Cu-Mg alloy samples undergoing

different passes of rapid cold punching process
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Effect of rapid cold stamping on evolution of
long strip S’ phase in spray-formed Al-Cu-Mg alloy

FAN Cai-he"*, FAN Yu-nan?, HU Zi-yi', OU Ling"?, YANG Jian-jun'

(1. College of Metallurgy and Material Engineering, Hunan University of Technology, Zhuzhou 421007, China;
2. School of Materials Science and Engineering, Xiangtan University, Xiangtan 411105, China;
3. Anhui Jianye Science and Technology Co., Ltd., Huaibei 235000, China)

Abstract: The high resolution transmission electron microscopy (TEM), X-ray diffractometry (XRD), energy dispersive
spectroscopy (EDS) and hardness test were used to study the evolution of long strip-shaped S’ phase of the spray-formed
fine-grained Al-Cu-Mg alloy during rapid cold-stamping deformation. The results show that the elongated S’ phase of the
extruded Al-Cu-Mg alloy is distorted, brittle fracture, re-dissolution and necking during the rapid cold-stamping
deformation, and the morphology, size, distribution and the orientation relationship with the matrix of the long
strip-shaped S’ phase changes significantly. The regularly distributed long strip-shaped nano-scale precipitates evolve into
irregularly distributed short rod-shaped S’ phases and diffusely distributed granular re-precipitates. The twist and brittle
fracture of the long strip S’ phase significantly increases the contact surface between the precipitated phase and the
aluminum matrix, improves the interfacial distortion energy of the precipitated phase and the aluminum matrix, and
promotes the re-dissolution of the S’ phase. The supersaturation state is reached, so that re-precipitation occurs to lower
the matrix free energy. The hardness of the alloy in the extruded Al-Cu-Mg alloy increases from 53 HB to 127 HB during
the rapid cold stamping process.

Key words: Al-Cu-Mg alloy; rapid cold-stamping; S’ phase; fracture; re-dissolution

Foundation item: Project(2019JJ60050) supported by the National Natural Science Foundation of Hunan Province,
China; Project (19A131) supported by the Key Scientific Research Project of Hunan Province, China
Received date: 2019-08-20; Accepted date: 2020-01-13
Corresponding author: FAN Cai-he; Tel: +86-13787062698; E-mail: 369581813@qq.com
(YR58

Z4fn4T)



