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Table 1 Chemical composition of 7020 aluminum alloy

EBSD 7 Al 7RG B « AU Jo 34T A s
HL AR I A 10% 13 E IR +90% L BER A AT, 52
IHE 20 V.

1% [E#5 GB/T 228.1 £ MTS Landmark F7{#1Hl
HEAT 2 IR BRI, 3P AT X bR BE K 40 mm,
FEAR 2 mm/min, AFEEGEHHIE 3 A4
FEo 9257 S—N 2R FH SDS100 B A i A7) o
FHREHL, IR ERR GB/T 3075 #HT, WHFE 71
HURE, R ERE 10 mm, MRS B 77 R(K min/ Komnax)
N-1. MIEFREK N 1. R RBSLRAE
MTS Landmark 3% 57 i3t/ _E, K& E 5 GB/T 6398
BEAT, RS ERM CT Rk, REERS N 62.5
mm X 60 mm X 10 mm(LX WX B), 554G 700
BT SHEIT 8, M R N 0.1, 1E5ZUK
Ingk, In#EAE 10Hz, SEIRFECA =R KA.

2 SLIGLER

2.1 MERESEESTEHE

GBI ET R 7 MBI S A AL 1 Fr
e B 1 AT ALER BIANF & 4 B A oK
DRNESRFFIELFYEH G, LA a3t —
SEEHDIRAN/N R, 1 S A SRR A A 4
TR BRI AN S 55 2 42 T HL-F il SEM
MEE 2 From. MNP LLER], =M&e
WHFETT A, BRI A0 & oK L 38 AR .
1. 2 5 EENE _MPREl 3 54640, A1
SE e AR TR R X IR AEAE S
1, 55 AH EDS RIS TR LR B 4 Rk 2
TS, AR 2 HHRTRIEE AR A Fes Siv Mn
TGN aAl(Fe, Mn, S, Fe JGERTESE MHHH
B . BB AP aAl(Fe, Mn, Si)FHE &S
W, BUTEJERE, KSR, HEESA
TR I AR IV R, DRI LG O R g M I 485 i

Alloy Mass fraction/%

No. Fe Si Zn Mg Mn Cr Cu Ti Zr Al
1" 0.20 0.09 4.58 1.20 0.32 0.22 0.10 0.05 0.14 Bal.
2" 0.13 0.05 4.45 1.18 0.31 0.21 0.12 0.05 0.13 Bal.
3 0.18 0.09 443 1.16 0.32 0.21 0.10 0.05 0.14 Bal.
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Fig. 1 Optical micrographs of longitudinal section of 7020 aluminum alloys: (a) Alloy 1% (b) Alloy 2" (c) Alloy 3"

B2 4 S A S 2 P I SEM (2

Fig. 2 SEM images of longitudinal section and plane perpendicular to extrusion normal direction of 7020 aluminum alloys:

(a), (d) Alloy 17; (b), () Alloy 2%; (c), (f) Alloy 3

F2 AFEEGEBHE AT
Table 2 EDS analyses of second phases of different alloys

Point Mass fraction/%

No. Fe Si Mn Cr Zn Mg Al

A 17.51 456 5.14 234 129 053 68.63
B 17.00 4.65 6.01 290 131 051 67.61

C 812 266 3.17 266 272 130 79.36
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Fig. 3 Size statistics of intermetallic particles of different

alloys
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Fig. 4 EBSD recrystallization and intergranular angle analyses of different alloys: (a), (b) Alloy 1%; (c), (d) Alloy 2" (e), ()

Alloy 3"
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Table 3 Tensile properties for different alloys at room

temperature
Alloy No. Ry02/MPa R, /MPa Al%
1 289+1.7 347427 15.5+0.3
2" 302+2.2 362+3.1 15.0+0.2
3 292+1.5 351+2.7 15.240.2
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max
2 5654%

IgN =9.59-2.44 x1g(S

max

-99.20), R*=0.94  (3)
35E%E,

IgN =9.29-2.30x1g(S, —103.36), R’=0.95 (4)
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Fig.5 S—N curves of different alloys
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Fig. 6 Fatigue crack growth rate curves of different alloys
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Table 4 Fatigue crack growth data of different alloys at specified AK

Alloy da/dN=C(AK)"
C m 1/2 12 12
No. AK=10 MPa-m AK=15 MPa'm AK=20 MPa-m
1* 6.81 X107 2.46 1.96X107* 533%X10°* 1.08X107
2" 6.86X 1077 242 1.80%x 107" 481%x10* 9.66X107*
3* 3.54%X 1077 2.66 1.62%x10™* 476X 10" 1.02X10°°

..

7 s

4

Sy

Bl7 AK=15MPa-m"? i RN[F) & 498 55 R4 R i 35
Fig. 7 SEM images of fatigue fracture surfaces for different alloys at AK of about 15 MPa-m"?: (a), (b) Alloy 1%; (c), (d)
Alloy 2%; (e), () Alloy 3"
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Fig. 8 SEM images of different alloys after fatigue cycling: (a), (b) Alloy 1, N=1X107; (c) Alloy 3*, N=1 X 10% (d) Alloy 3",

N=1X10"
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Fig. 9 Fractographs of different alloys after fatigue fracture: (a) Alloy 1%; (b) Alloy 3

RS PO REU AR BEWS
Table 5 EDS analyses of particles at initiation point of

fatigue crack show in Fig. 9

Point Mass fraction/%

No. Fe Si Mn Zn Mg Al
A 7.54 3.23 2.06 3.17 1.16  82.83
B 9.50 - 1.68 3.14 1.18 84.50

p AR A, 5 3 5 G e BRI 57 AL T AR X
K, TR FAh, AN RSTRE A HXETE
&5 i M E K 7 R S0 AR I RE 3 &) 7 BB I AR T 1Y
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Fig. 10 Fatigue crack propagation path at Paris regime of different alloys: (a) Alloy 17; (b) Alloy 3*
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Fig. 11  Fatigue crack propagation path at Paris regime of alloy 2: (a) SEM image; (b) EBSD image
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Table 6 Misorientation of adjacent regions on both sides of fatigue crack of alloy 2

Adjacent Misorientation Adjacent Misorientation Adjacent Misorientation
region angle/(°) region angle/(°) region angle/(°)
1-2 49.82 8-9 42.80 14-15 -
2-3 4.11 9-10 25.22 14-17 -
4-5 1.97 1011 53.05 16-19 28.78
5-6 7.47 12-13 6.41 1620 41.38
7-8 3.56 12—-15 7.55 18-21 2.54
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Table 7 Misorientation of adjacent regions on one side of fatigue crack of alloy 2*

Adjacent Misorientation Adjacent Misorientation Adjacent Misorientation
region angle/(°) region angle/(°) region angle/(°)
1-3 50.22 9-11 46.76 17-19 43.61
3-5 9.05 11-13 52.04 1920 15.30
5-7 3.94 13-15 6.61 2021 3.66
7-9 42.45 15-17 11.18

VST &5 SR (X I 11 AN 19 &5 ks, 5 R
DX I ) 22 K B 9 55 iR ) DR A B2 i 5, AE X I
9-10. 14-15. 14-17 AHKMER L B G &
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FRACLER [7 ) o - 435 b 5 R 4T R 4R 4 b i, S
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Effect of intermetallic particles on fatigue behavior of
7020 aluminum alloy profile

SHAN Zhao-jun"?, YE Ling-ying"?, ZHANG Xin-ming"?, HUANG Qing-mei"?,
TANG Jan-guo"?, LIU Sheng-dan"* DENG Yun-lai"?

(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)

Abstract: The influence of intermetallic particles on fatigue behavior of 7020 aluminum alloy profile was
investigated by fatigue strength test, fatigue crack growth test, scanning electron microscopy and electron back
scattering diffraction technique. The results show that the fatigue strength of the alloy containing amounts of
intermetallic particles with a diameter of less than 2 um and few particles with a size of greater than 4 pm reaches
113.3 MPa, which is 16.4% higher than that of the alloy with more large-sized intermetallic particles. The fatigue
crack growth rate of the alloy containing more large-size intermetallic particles is 21.0% faster than that of the
alloy with dense and fine intermetallic particles. The coarse intermetallic particles with a diameter of 3 to 17 um
are likely to form fatigue crack initiation due to self-cracking or debonding from the substrate during fatigue cycles.
And the particles with a diameter between 3 and 7 um have the highest frequency of accelerating fatigue crack
growth. The intermetallic particles with small size can evenly distribute stress, increase the roughness of the crack
section, and improve the fatigue performance of the alloy. The intermetallic particles also affect the
recrystallization fraction and grain boundary characteristics of the alloy. When the recrystallization fraction and
high angle grain boundary of the alloy are reduced, fatigue crack propagation resistance can be improved.

Key words: 7020 aluminum alloy; intermetallic particle; fatigue strength; fatigue crack growth
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