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Table 1 Chemical composition of Al-Cu-Li alloy (wt%)

Cu Li Mg Ag Zn Zr Mn Al

3.90 0.74 0.68 0.33 0.36 0.11 0.29 Bal.
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Table 2 Cold rolling process of Al-Cu-Li alloy sheets

Reduction/% Cold rolling process route
13 6.2 mm—2.3 mm (intermediate annealing)—2.0 mm
23 6.2 mm—2.6 mm (intermediate annealing)—2.0 mm
46 6.2 mm—3.7 mm (intermediate annealing)—2.0 mm
68 6.2 mm—2.0 mm

3 mm/min.
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Fig.1 Coordinate diagram of the sample
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Fig.2 Microstructures of L-S plane of alloys with different cold
rolling reductions: (a) 13%, (b) 23%, (c) 46%, and (d) 68%
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Fig.3 Grain misorientation distribution maps of L-S plane of alloys with different cold rolling reductions: (a) 13%, (b) 23%, (c) 46%, and (d) 68%
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Fig.4 Statistics of EBSD results for alloys with different cold rolling
reductions: (a) 13%, (b) 23%, (c) 46%, and (d) 68%

3.3 J1FtaE

TRANEA LT &6 4R ) 2 v se B Gt
PR FE R FE S W R A . PR R AR AL 2 n] DA
F 2GR LA TG BN 23% I, T 5 B AT i IR 9 A
{1, A 545 MPa Fll 500 MPa, [ 55 ¥4 5L A8 % & 1)k — 0 1
Ko SPEEREREE PR Bk L A 5L A T B X R 7
PEREI S B3
3.4 HRELHE

NT WA L AR T R A 4 AR T 2 1 5
Wi, >R FH 7 Kahn #7282 50 56 0 AR 1) W 889 PR 047 VE A -
B 8 Ml L W) 14 B A LA T B AR T 22 . T RUE
B A FLAS T R 38 K, B4 B8 UPE & K 2ILT
EE S . R LT B 68% I, R RS /N, K
KN 43.24 MParm'? e 6 & b R SHR NI, 4

FEEIT 5 AR AR 2 B0, o 7 D35 HE ) 5 0 35 L 1Y)
RE, ARG E, YREIEE ST E T Sy R,
DXFRGY R T ISR IBEL T, 47 e R A, B 8 e
PR BELAS 27 1o o SR AR S AT R, o e 7 Tl i 2> BRI AH
A0 AL R B ) 225 5 T A AR U, B R BT R I BE
I R RSBk /N  FH R ) i AR R 2, TR
FH A0 I 980N AR RS A7 R - B I 4 T

B9 AN R VA 5L AR TV B 4 TR 1) 40 R T 1R 30
EH AT LA H S BT 1T 55 bR ot O 2R 0 2 5 D 2R i P
UL, fff BT THD S o BT 2 1) B LA AAE 17 2 o B 2R 1)
FEFHER YR AL . Wil 28 T Mtk W, /T
Wi R, AR WIS R P AT BRI I T RN, 2
BRAR A 4 PR S PR R D 2R ) 12

YA ELB LN 13% 0, AT MR — @ B MY HE
AP . Bl A A 5L T 2SR, BE &R RS 8
I, 4 PRI AR T I rf 10 2 it BRI RRRAIE 7 B3 K, S5 IR
WIS Z RSN YA LA RN 68% I, Bl
L RSE /N, SRR T R E S E R 2, B E R
/N T BR G A W B R AR RS2 TR R AR THRE TR
Z AR, X 5 AR TR R AR R M) & 1
3.5 EFHMREE

WK 10 WA EA FLAR T &6 0% 57 Rad g%
k. HEIWLAE M, AL FLARTEERIER, & &R
(R 55 408 R 1A AEL T2 B A1 5 13% 4 FLAR T 5 1) v
WA e ey ) 57 80 e 1 TR AR, v T TR (L ) & 4
RE Gy RS HG . ERFREFEET X, K
57 8y & 3l % da/dN 5 N )58 B F - AK 75 & Paris

AR,

K5 Wi<110>, 77 A A RV L AR T B 5 5 TEM WIS A8 AL X R T AT EAE
Fig.5 TEM bright-field images (a—d) and SAED patterns (e—h) of alloys observed along <110>,, direction with different cold rolling reductions:
(a, e) 13%, (b, ) 23%, (c, g) 46%, and (d, h) 68%
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Table 3 Statistical results of T, phases in alloys with different

cold rolling reductions

. Average Number density/ Volume
0,

Reduction/% diameter/nm x10* pm™ fraction/%
13 42.63 5.53 2.73
23 44.03 5.03 2.63
46 47.46 3.43 2.08
68 43.19 4.57 2.29
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Fig.7 Mechanical properties of alloy sheets with different cold

rolling reductions
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Fig.8 Fracture toughness of alloy sheets with different cold rolling
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Fig.9 Torn fracture morphologies of alloy sheets with different cold rolling reductions: (a) 13%, (b) 23%, (c) 46%, and (d) 68%
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Fig.10 da/dN-AK relation curves (a) and its localized enlargement curves (b) of alloy sheets with different cold rolling reductions
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Fig.11 SEM images of the fatigue crack in steady-state expansion area of alloy sheets with different cold rolling reductions: (a) 13%, (b) 23%,

(c) 46%, and (d) 68%
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Table 4 Calculation results of grain boundary strengthening

contribution
Reduction/% Avefage grain Gr.ain bounfiaqi
size/pm strengthening contribution/MPa
13 153.6 39.68
23 93.7 42.40
46 48.5 47.23
68 18.2 58.23
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Table 5 Calculation results of dislocation strengthening
contribution
Reduction/% Dislocation Dislocation

density/x10” m™  strengthening contribution/MPa

13 6.10 54.44

23 5.52 51.80

46 5.15 50.01

68 5.66 52.42
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Table 6 Calculation results of precipitation strengthening

contribution

Reduction/% Precipitation strengthening contribution/MPa

13 361.58
23 366.54
46 351.66
68 335.79
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Effect of Cold Rolling Deformation on Grain Morphology and
Damage Resistance of Al-Cu-Li Alloy

Hong Xin"**, Yan Lizhen"*’, Zhang Yongan"**, Li Xiwu"**, Li Zhihui'®, Wen Kai'*”,
Geng Libo’, Qi Bao*, Li Ying'*®, Xiong Baiqing'”
(1. State Key Laboratory of Nonferrous Structural Materials, China GRINM Group Co., Ltd, Beijing 100088, China)
(2. GRIMAT Engineering Institute Co., Ltd, Beijing 101407, China)
(3. General Research Institute for Nonferrous Metals, Beijing 100088, China)
(4. Southwest Aluminum (Group) Co., Ltd, Chongqing 401326, China)

Abstract: Metallographic microscope, electron backscatter diffractometer, transmission electron microscope, scanning electron microscope, X-ray
diffractometer, and room-temperature tensile, tearing, and fatigue crack extension experiments were used to investigate the effect of the four final
cold-rolling reductions (13%-. 23%. 46%-. 68%) after intermediate annealing on the grain morphology and damage resistance of the Al-3.9Cu-
0.74Li-0.68Mg alloy sheets. The results indicate that with increase in cold-rolling reduction after intermediate annealing, complete
recrystallization occurs in the sheets after solid solution treatment, leading to a significant reduction in the average grain size and aspect ratio. The
grains tend to become more equiaxed. The primary precipitates in the aged alloy are T, phase, and the size, number density, and volume fraction of
T, phase show little variation among the four reduction levels. Quantitative calculations of the contributions of different strengthening
mechanisms to the yield strength reveal that the strengthening of the alloys with the four reduction levels is mainly attributed to the precipitation
strengthening of T, phase, contributing 335.79-366.54 MPa to the yield strength. With the increase in cold-rolling reduction, the fatigue crack
growth rate of the sheets increases, resulting in deteriorated fatigue performance, while the fracture toughness shows an upward trend. Fine grains
are beneficial for improving fracture toughness but detrimental to fatigue performance.

Key words: Al-Cu-Li alloy; cold rolling deformation; microstructure; damage resistance properties; strengthening mechanism
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