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ALY RERE . Yu HRINRFFRI, 7075 &4
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BB RTN,  SRORLRRES 2OHT HAH 2 5 AR A 4 AR
M PERE I EZE R 2, AT T 22 R SRR S
HHFB . FEAR L Al-3.9Cu-0.74Li-0.68Mg &4
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1.1 SCISHAR

ARSCFTR ) AI-Cu-Li 444 6.2 mm JE G
PR ik 1 s . HELBM Sl AN = 1A 4L
TZ, REAEAGARBAERAILERENF—EE
(2.0 mm)#R, AT ZBREW®E 2 fin, FHEEEK
N 420°C12 ho K DU I 28 T8 IR V% HLAS T B ) viAR T
504°CHEATARIR 10 min PIEALLEE, ZJEKE, REH
1T T8 AbE (T8 il BE: 3% TiHifii+143°C/35 h [T &kt
),

F1AI-Cu-Li AEUERS wt. %)
Table 1 Chemical composition of Al-Cu-L.i alloy (wt.%0)

Elements Cu Li Mg Ag 2Zn Zr Mn Al
Content 390 074 068 0.33 036 0.11 0.29 Bal

2 Al-Cu-Li 5&ERAILTE
Table 2 Cold rolling process of Al-Cu-L.i alloy sheets

Final cold rolling

deformation/% Cold rolling process route

13 6.2—2.3(Intermediate annealing)—2.0
23 6.2—2.6(Intermediate annealing)—2.0
46 6.2—3.7(Intermediate annealing)—2.0
68 6.2—-2.0

1.2 MEgemi

FIE R BE 3 IR GBIT16865 FRuEHEAT WY, 440
SEEGVE I 3 ARPATIARE, HURE T A LI 7 ), SRERTE
CMT4034 Fife /1% Rl E5E e, FffEZE N 3

mm/min.

AR R4 ASTM B871-01 brifE k4T Kahn %4056,
PR AR T B, R EL 5 ANPAT IR, TE
CMT-5105 A5 Re iRl AT e, WImEE R 2
mm/min, SEEGE AR ISR GOK AL RS- A i 2k, 15 H
Ry B ALY B UPE(Unit Propagation
Energy), HH AT UG T AR W 2490 P (Kic) 47 R AE
THHEARWT:

UPE =FE_FE (1)
A bt

Hrf, PE(Propagation Energy) & fmi-f7 7 i 28 -3 40

J& JE Bt AT AR s b DAl g 1 AR A B I 4 14 B
NGERE s AR ERL .

K2 = aUPE +b @)
H, a. b AEMRIERHIEE. UPE 5 Kic 1 F T2
EEER AR

Z 8 ASTM E647 FrifE kAT 557 R A R il I,
VAR R AR UE BB R C(T)IFE, 7E MTS-810 fal ki
JEAREE R4 L ATES, C(T)IAFESE T Tkl 2 mm #iG
oy, LI NER, RHEE 5, Si% =10 Hz,
RiFjbh R=0.1, HX 3 AN PATFES
1.3 HHLARAE

K Leica DMC 4500 4 AH 2408 0 i L-S Tk
TR, AAE RS WE L iR RARAE
EBSD(Electron Backscatter Diffraction)illi 24t JEOL
JSM 7900F #!37 Jx S 434 Ha ¥ 2. 8% (Scanning  Electron
Microscope, SEM)MEE-& &4 fi R BT 1T 30 LA K ) ] %%
AR L-S AT 1 O AT 17 .

KA Talos F200X 3% 4f Hi ¥ & 3 5% (Transmission
Electron Microscope, TEM)X i R FE & BT HE AR 1) 43
FHRFAE . FPREERATINEE, f# ] Image Pro Plus ##Fi3t
ATHT AR RGT R i get, it DU A :X22% T 4811
R B AT T B

_ TINTdj

f = ®3)

H, N OR<110>4 G A To NG T A
TAPIERE, doh ToRSFREAR, t NG X
XJEREE, As NGt aT . T A7ER AL B (<
160°C) it FE B fRE , N Z S5 1912844 1.15 nm).
SR FH AP FEL AR ol eSO R i EAT ok, XU Y A9 A PR
S (TR A VA (R R EE A 1:3), US4 4F FRL IS A
15~20 V, i 50~70 mA, iEJE ~-30~-20<C.

K H Xpert PRO MPO £ i X SR AT 4113 (X-Ray
Diffraction, XRD)X} & & I 45 % S HEAT 0 #r, Ik e
JER 40 KV, FHETEE 10~100 HHEHEE A 19min.
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Fig. 1 Coordinate diagram of the sample
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Fig 3 Grain average misorientation patterns of L-S surface of alloys with different cold rolling deformations: (a) 13%, (b) 23%, (c) 46%, (d) 68%
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Fig. 4 Summary of EBSD results for alloys with different cold rolling
deformations:
(a) 13%, (b) 23%, (c) 46%, (d) 68%
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BriiFH 9 TEM B3 48 K L) 32 [X R T 5 AE

. . .

(Selected Area Electron Diffraction, SAED). M & HFw]
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I e (HkPTHE), ARE 5 SOk BoRlx bhed, R
ZATHHE BT R T AR To A G 8%, I
Pl & R AFAE R EYREU A0 FAH, B AT B A 2 TR A AH
KAF LR, Hd 8 109.4K 70.6 AN T,
A, H—FEEN > B T AT K 54.7 8 35.3F 11
0fH, BT OMNEERD, FEX BFATHAAR L
R BNMTHEE . Ht, DURA LB RS S re
BT A E BN T, RN AR B 04 XLk Y
& &M AR Z R T LUE H, 46% AT & A 4RI H
MRSTROK, BB R, 13%F1 68%A L& & 4T
ARSI . T RS SN EE R —.
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Fig 5 TEM bright-field images of phases and selected electron diffraction patterns of alloys with different cold rolling deformations observed along

<110>a direction:
(a,e) 13%, (b,f) 23%, (c,g) 46%, (d,h) 68%
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Kl 6 NPUFMASTE & T & 4 VH<110>a 77 18 3% 5 G
Wi, X785k TEM BRI BHEATHT A RS EE i 4
ity R3IAEE TSR, 13%. 23%. 46%.
68% A LA TE G &M Ty AP ER SN 42.63
nm. 44.03nm. 47.46 nm F1 43.19 nm. @i A X (D)X T,
MR BT R, ERSIHERS TEM G
MG R—5, AEALTEES 46%H T HAH FIAFR 754
AR, XTRI TEM 83515 (B 5(c)) HHEdRl. t
WERT BUE AN [F VA LA T B A AT A SR A 7= A i),
P A RS RIS AP AE 22 57, (HRXMZEFR AR

T1(ALCULI)

~Tx(AlCuLi)

ol 25

R3 TRRILERESS T HGITHER
Table 3 Statistical results of alloy T1 phases with different cold

rolling deformations

Final cold rolling Average diameter Number density Volume fraction

deformation/% /nm /um?? 1%
13 42.63 5.53%10? 2.73
23 44.03 5.03%10? 2.63
46 47.46 3.43%10? 2.08
68 43.19 4,57%10? 2.29

T1(Al2CuLi) - :
/\ T1(ALCuLi)

Yy

6 Wi<110>a 77 FIMEA AR FLASTE B A & T HE N I &

Fig 6 TEM dark-field images of T1 phases of alloys with different cold rolling deformations observed along <110>a; direction:
(a) 13%, (b) 23%, (c) 46%, (d) 68%
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Fig 7 Mechanical property of alloy sheets with different cold rolling

deformations

WEGIFEAE: 20-22-22; WEIEKFEEHR: 20-22-22

2.4 WREEME
N TR FEA FLAR T B AR T 2L M () R

KA T Kahn #2828 5256 06 AR (1 W 20113k 47 PP . 1] 8
HWT R A LT B Rt k. TTUUE T, BEE
AEARTE RN, AT RAER Kie T 1.
MR EAR RN 68%HF, AR RN, Kic RN
43.24 MPa m*2, & 4 itk ROF kNS, i S BT o 1
R HOBRK, & AR FHES 2 ILERALIPRE, R

70F [ UPE —=— K|C 146
60r {44
“'g 50t «42§E
Z4O» 440 S
30+ T 138 29
=200 l// 136 ¥
10r {34
013 23 46 68 2

Cold rolling deformation/%
Kl 8 ARV FLASTY B < AR i 20 1tk
Fig 8 Fracture toughness of alloy sheets with different cold

rolling deformations
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Fig 9 Torn fracture morphology of alloy sheets with different cold rolling deformations
(a) 13%; (b) 23%; (c) 46%; (d) 68%
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Fig 10 Relation curves of da/dN-AK for alloy sheets with different cold rolling deformations

(a) Curve of da/dN-AK (b) Localized enlargement of the curve of da/dN-AK
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Fig 11 SEM morphology of the fatigue crack steady state expansion area of alloy sheets with different cold rolling deformations
(a) 13%); (b) 23%; (c) 46%,; (d) 68%
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WG LR R H, BELAHARE, H
WIBFE KB EMRE, SEEGHEE, MRS
BB, RN e B A EIRAS, TIBEE HElR K
JERFLURTLERIIG R, b = A R EALE, LA
FE LT, ArdsZ B RAAREYESS, T A sk DA K A 5
MISE£5R9120, BEE W FLAR T B IIE R, AR A i i
ENLEAWA, AL R ST 2B E AT 2K
MR/, LR AL AR A T B AR SR i Al DR
fe R RO FIHKAR L RN &S . N TEM 25 R r] UE
VUFh-& 4 B RO HAR 208 Todl, BB TEERIGR
o AT HAH B 4 AT AN B A I O R S — R
GEME R ST AL YK AT #E—H
REARTE BN G 1R R, 0 g AT AL
ERIHH

Al-Cu-Li A& 8 T A T s i A4, HEE
BRI 4 Fh, s st SR, Arh
sk KA g, wTBAH A RBIRIR A

oys = Adgy, + Aogs + Aoy + Agy, (5)

YT EEEERUL, AR TTERE AT L@ Hall-Petch
T RPN AR 3

Aoy, = Aog + Ky, -d /2 (6)

Hr, Aco AZEAETJE IR FE(30 MPa), BP4l Al 7E1R K

RE TR ERGREE, ky oA Hall-Petch %%, #4844+

2104 0.12 MPa » mY23l, d &4 MR R . ¥

Gt g RANK(6), THERILERNEK 4 s, BEA

HAREMEKR, BAMERS, HAHBEERLK.

R4 WERBUETHEESER
Table 5 Calculation results of grain boundary strengthening

contribution

Flnal_cold Average grain size Grain boundary
rolling / strengthening/MPa
deformation/% Hm Y g
13 153.6 39.68
23 93.7 42.40
46 485 47.23
68 18.2 58.23

Al-Cu-Li A& MG 4t (W Cu fl Mg %),
2> [V TR A i sm A e AR, BE A 1S KA R IZ B BE
71, NI m &4 M5 pEra , [E 3 sk 5 53 Be % @ it LA
o B A E

Aoy, = AxCEP )
Hrp Ax REE, Cx AR EER 7 HIRE, AW
VEETHEESGSITERN A BT Ac=12.132,
Anmg=20.48113, (5% BT A B 5 J5 1 # IS AR AE A S Ak
HRE, [EE AR B, &2 61.2 MPa. X T
T8 Gk, AR 7 1 [V 5L+ 32 B DAYt AH 1) 7%
KAETE, AURDEBEEIET, S5 H A 56 1) oTEk
EAREE, [V s A 0] i IR B B s ma R /N, PR AE AR S
Hoa] B3R BN R T O AR 1 T R RS A T (<
10MPa).

TEAR AL SRR AL A, 4 8 5 AR T = 138
PR A 2 AN BT T i, DS 2 A2 LA A s, K
B AL RSO — P18, RS IEN.
WA A SHERE R GG, WRET EEHss M, [
TEAFE AT AR S MR ATE 2R, BRI A s Ak mT AR
KIET T8 BT AT, HoTmknr LA 2 B
B

Aoy = MaGbp*/? 8)
Hef, M AR#KFGL), o AZ ST %00.3), G
NERIIBT DI (26.2 GPa), b KK #(0.286 nm), p
LA E . LA AT LB X XRD A7 49 EI1E 153
#r, FIF Williamson-Hall 2 R BT I 3515
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p= ZLEE (10)
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B3 (8) A1 (10) W] RAZ» J3I5K H DU < O A7
W EEAA ARG, S5 R IWR 5. T T8 I AL FdL
AT RAE, DR AR &AM A iR AL E
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B AL T EHR AL AR & G AR R P is s, 28 F)
Br AR ROBEAS AR, & e RS BE AR R AT A5 252 v -
AR FLEEN T8 &, WA AT NBONR #, Hr
HRACH 2N Tol, HERRUN. HERS. TR
AT & < BR FE R DT FT LU DorinBM55 A Firs i A
RBEAT 5

1211Mpy° 12
Ao, = =it e (11)
t r

Hrb, D MM ERR, t ANTHAHERE, yer 9
—ANH A AT RED(0.1070/m?), b MR R, f, AT
HA AR E T OvhidEsk s GERON 1/2Gb?). MR
6 T SR RS R TS, B A LR R IR,
A H SR A B TR B A PR AR

AT 22 30(5) of DU A A AL A1) of 5 < e il 2 EE F) T
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Fig 12 XRD diffraction patterns of alloy sheets with different

cold rolling deformations

®5 (IHEBHETESER
Table 5 Calculation results of dislocation strengthening

contribution

Final cold rolling  Dislocation density Dislocation
deformation/% /m? strengthening/MPa
13 6.10=10% 54.44
23 5.52x10% 51.80
46 5.15x10% 50.01
68 5.66x10% 52.42
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Table 6 Calculation results of precipitation strengthening

contribution

Final cold rolling

T B Precipitation strengthening/MPa

13 361.58
23 366.54
46 351.66
68 335.79

13, THEFTAR I a5 R BTN A RS, B AR AR
P8 AR EEORIE T SR AL A TR, X
TRAEARRHARERN G SRS, 16 R
908 P AR 72 7 BB A HE SR AL R B s AL . B SR
AN 1Y A P R LA ARV € e L P VAL IR L AT
WRELIE 0 T Aok f /0N ROV, A H A PO S8R AR R
g, ATRER T A BER L, TR KRR R,
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¥-F3 45 e f R AT B T R I R e ok RO 25 m
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Effect of cold rolling deformation on grain morphology and damage resistance of Al-Cu-L.i
alloy
Hong Xin'23, Yan Lizhen>%", Zhang Yongan'23", Li Xiwu'23, Li Zhihui- 3, Wen Kai*?®, Geng Libo*
Qi Bao*, Li Ying!?3, Xiong Baiging® 3
(1. State Key Laboratory of NonferrousSructural 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, Chongging 401326, China)
Abstract: Metallographic microscopy (OM), electron backscatter diffraction (EBSD), transmission electron microscopy (TEM), scanning electron
microscopy (SEM), X-ray diffraction (XRD), and room-temperature tensile, tearing, and fatigue crack extension experimental methods were used
to investigate the effect of the four final cold-rolling deformations (13%. 23%. 46%. 68%) after intermediate annealing on the grain morphology
and damage resistance properties of the Al-3.9Cu-0.74Li-0.68Mg alloy sheets. The results indicate that with increasing cold-rolling reduction after
intermediate annealing, complete recrystallization occurred in the sheets after solution treatment, leading to a significant reduction in the average
grain size and aspect ratio, with grains tending to become more equiaxed. The primary precipitates in the aged alloy were T1 phase, and the size,
number density, and volume fraction of T1 phase showed little variation among the four reduction levels. Quantitative calculations of the
contributions of different strengthening mechanisms to the yield strength revealed that the strengthening of the alloys with the four reduction levels
was mainly attributed to the precipitation strengthening of T1 phase, contributing 336-367 MPa to the yield strength. With increasing cold-rolling
reduction, the fatigue crack growth rate of the sheets increased, resulting in deteriorated fatigue performance, while the fracture toughness showed
an upward trend. Fine grains were beneficial for improving fracture toughness but detrimental to fatigue property.

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