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Table 1 Chemical composition of 7020 aluminum alloy (/%)

Zn Mg Cu Mn Cr Ti Zr Fe Si Al

453 1.20 0.11 0.32 0.22 0.04 0.14 0.21  0.11 Bal.
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Fig.1 OM microstructure of 7020 aluminum alloy profile
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Fig.2 SEM microstructure (a) and second phase statistics (b) of
alloy
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Table 2 EDS analysis results of the second phases (point 1 and
point 2) in Fig.2a (w/%)

Point Fe Si Mn Cr Cu Zn Mg Al
1 18.39 430 427 185 0.47 1.58 0.69 68.45
2 16.00 4.42 436 2.40 0.43 1.78 0.64 69.96

2.4 SREAE R B ST 4 AE

Kl 4a s & A& S (STEM) B . MWK
Hron] DU 3 g RS S ATV 2 USHAE 50~200 nm B
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K3 o< 4 R ) 22 23 A
Fig.3 Recrystallization (a) and misorientation (b) analysis of the

grains for the alloy

K4 &< STEM IBA K AlsZr f) TEM 53715
Fig.4 STEM image (a) and TEM dark-field image of the Al;Zr (b)

for the alloy

%3 Bl 4a FE I EDS HITER
Table 3 EDS analysis results of the second phases (point 1 ~ 4)
in the grain in Fig.4a (o/%)

Point  Fe Si  Mn Cr Cu Zn Mg Al
1 - - 0.02 - - 6.78 3.15 90.03
2 - 0.2. 248 2.64 - 2.05 1.90 90.70
3 0.11 - 1.88 2.09 - - - 95.90
4 - - - 0.01 0.64 20.81 7.74 70.77
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Fig.5 TEM bright-field image and corresponding SAED pattern

of the grain interior (a) and near grain boundary (b)
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Fig.6 S-N curves of the 7020 aluminum alloy
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Fig.7 Fatigue crack growth rate curve of the 7020 aluminum

alloy
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*4 AEIEE AKFIMEH da/dN &
Table 4 Fatigue crack growth data of the alloy at specified AK

da/dN=C(AK)"(mm-cycle™)
AK=10 MPa-m"? AK=15 MPa-m'? AK=20 MPa-m"?

C n

2.87x1072.62  1.20x10™ 3.46x107* 7.36x107*
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Kl 8 AK=15 MPa'm'” I & &R 408 & I 115
Fig.8 Fracture morphology (a) and enlarged view of zone A (b)

of the alloy at AK =15 MPa-m'?

3 SRSt

3.1 WFERYHE

FEIE 55 ZESUHT A BT 57 106 A 1L RE A N 28T i A
IEVEARE 7 AL AL AR A AR Y, S % s T A7 1 18
i85, TR 55 TEAZ e AL i I T A
I R ZAT DI RIAIGeid 2 FPHLE], Kovacs S0 fr 1)
FIAGERE B AR D) S HEAT T BT, AEICR
X 4 A (5):

r =1J44(i§i)”2(121)“2G (4)

b

cutting

zmm=0%Jz- G bIn(157R/%) (5)
2 2n1—v R(1-1.57f/2)

S Teutting 1 Torowan 70 A2 A D) 1 RN S8 5 A o AR
BT DIN Sy, DR R I WS EE, G MBI DIRE R, b
PRI R R, £ TS E, R kTR,
v RRWIALL, ro R ALEE IS4 . A U4 RI(5) AT 4,
A7 85 D) SIS 5 e 280 R RS A AR 4 1 184 o it
S N TS o IR AR O s A L RV G Tl i AN B
T RAA AR 53 B0 PARR T 90/ o DRI A7 — AN e AR
N AR SE AN T SR SEI LA D E AT A, KT
e S RS H Ge BT AR, 4T Al-Zn-Mg RE 4
ME, X —WwAERELA 3 amPS?, AwFsedh 7020
B i NI RO AR Zh M, W S FioR. n'
MRSFHE 3~15nm 2 8], P RSFZ5 9.7 nm. KE
HO ST A RS KT IR SRS, S 8 i 32 22 DA
S W B ORI VA v/ I T BUIPI S D S DACHE =2 31T}
SR N e, (R REUE . B 9a Fin A& e e
7 R STEIR 10 J8 U i S BT O 4 SR
MNP T DL 38043 4 5 gt 19 o X A AR B B
BT, R ST BN A A AT B K R,
HERURE INTE % 55 RO . a4 107 W55 1
Wa, WA 97 X il 5t - SEM Mg an & 9b i .
MBI AT A, 2107 YOI 57 15 8 5 9% 55 X k00 7t b

AR 2 B0, e &5 AR T IRV A 2 . AL At
CFORHL R &5 R A 98 5 0 A O R SR TV S T M
W, (AN 4, FE4kSitn N )G, W] fE
AN IS RBUUAL T 0 o Ty A T HESE S5 oA — s
b M, AR AR T I S AR TR AN R I H 5
TF 2B AT 5 A S i A 7 A T T RS,
BG4 4 0% 57 Pk DS

B AP 5 R aU Rl B A AR R T P )L 0 T Bl
i1 5 T AC XA V& S 7, 9 55 2480 SR TE S ] 10
Prore B 10a vhn] kYA 9 57 R S0HA A2 TR R
SEAAL, E4rd i Fe. Siv Mn 2570 M K K
e ME Iy 45 AR R 2 RS BRI, 95 55 G0 )
AP B 10b B A BT R AR B GUIRIX W R, R
SRR AL WA AE 95 55 R GU R % 57 U 5 e JE T
RITIRAE N o AEDRLIL S sl A 3 55 Y ) 4R rh ik
T SRR IS A AR R HE S 45 it A, S T 57 RS0
A, IR BERLF 58 ST O AN A P AR R R s, T
BT EVREAE 0] 201, REL R AFRL R0 g £ rp F 5 ke
SE TR 97 RS0 AR I TR o {H Martin VORI oY 5 LR,
1E 7075 £G4 th 4l /NYR A 21 3 AT R AL MgoCr 5541

B9 & S0y o Ja oW 41 20 52
Fig.9 Micrographs of the alloy after 10° (a) and 107 (b) cycles of
loading
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Fig.10 Initiation micrographs of the fatigue crack at intermetallic

compounds (a) and corner (b)
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Fig.11  Effect of intermetallic compounds on fatigue crack

growth of the alloy: (a) crack along the edge of the
phases and (b) crack pass through the phases
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Fig.12 Schematic drawing of intermetallic compounds affecting

fatigue crack growth
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Fig.13 Fatigue crack propagation path at Paris regime of the
alloy observed by SEM (a) and EBSD (b)
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Table 5 Misorientation of adjacent regions on both sides of

fatigue crack of the alloy in Fig.13b

Adjacent Misorientation Adjacent Misorientation
region angle/(°) region angle/(°)
1-2 7.7 12-13 5.4
3-4 32.8 14-15 2.1
5-6 332 16-17 1.5
6-7 8.5 17-18 16.5
8-9 3.9 18-19 3.8
10-11 2.9 20-21 7.6

*6 E13b PEESREFRAT R R — MBS XS @ ZE
Table 6 Misorientation of adjacent regions on one side of

fatigue crack of the alloy in Fig.13b

Adjacent Misorientation Adjacent Misorientation
region angle/(°) region angle/(°)
1-3 53.7 11-13 9.5
3-5 48.4 13-15 60.4
5-7 37.9 15-17 6.3
7-9 6.5 17-19 25.9

9-11 13.8 19-21 39.8
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Fig.14 Schematic drawing of fatigue crack growth path
considering grain orientation and grain boundary

characteristics
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Xiangdong( ] W] 4 ) et al. Rare Metal Materials and

Fatigue Behavior and Microscopic Mechanism of 7020 Aluminum Alloy Profile

Shan Zhaojun'?, Liu Shengdan'?, Zhang Xinming'?, Ye Lingying'?, Li Yiran’, Tang Jianguo', Deng Yunlai'*
(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China)
(2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education,
Central South University, Changsha 410083, China)
(3. School of Civil Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The effect of microstructure on fatigue behavior of 7020 aluminum alloy profile was investigated by optical microscopy,
scanning electron microscopy, scanning transmission electron microscopy and electron back scattering diffraction technique. The results
show that the fatigue strength of the alloy is 232.9 MPa at 10’ cycles of loading, under the stress ratio R of 0. The fatigue crack growth
rate is about 6.44x10°> mm/cycle at AK of 8 MPa-m"?. The coarse high-melting intermetallic compounds with a size of 3 um to 12 pm in
the alloy not only easily become the initiation of fatigue crack, but also accelerate fatigue crack growth. In the unrecrystallized area, the
fatigue crack growth of the alloy mainly occurs by a transgranular mechanism. When the adjacent grains are small equiaxed recrystallized
grains with high misorientation, fatigue cracks would propagate rapidly along the grain boundaries. The lower the proportion of
recrystallization and its corresponding high-angle grain boundaries, the more tortuous of the fatigue crack propagation path. Under these
conditions, the fatigue crack of the alloy propagates slowly.
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