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Fatigue Life Degradation of 7075-T6 Aluminum Alloy Sheets Strengthened by Cold
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ABSTRACT: The work aims to study the fatigue life degradation law and damage mechanism of aluminum alloy sheets
strengthened by single-hole and multi-hole cold extrusion in corrosive environment. Two kinds of three-hole cold extrusion
strengthened 7075-T6 aluminum alloy sheets with different hole spacing were used to carry out pre-corrosion fatigue tests for
different corrosion time in laboratory accelerated corrosion spectrum simulating tropical marine atmospheric environment. The
C(?) curve, fatigue S-N curve and damage morphology characteristics of three-hole extrusion strengthened aluminum sheets
and single-hole extrusion strengthened aluminum sheets with triple hole spacing were obtained, and the corrosion mechanism

and extrusion strengthening effect of extrusion strengthened specimens after corrosion were analyzed. At the same time, the
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experimental results of specimens with different number of holes were compared, and the effect of the number of holes on
the corrosion and fatigue properties of extrusion strengthened aluminum sheets was explored. The results show that the fa-
tigue performance of the extruded aluminum alloy sheet after corrosion is significantly degraded, the corrosion damage is
mainly denudation, and the fatigue crack initiation position is transferred from the hole edge to the surface. The number of
extrusion holes has little effect on the fatigue and corrosion fatigue performance of extrusion strengthened aluminum alloy
sheets.

KEY WORDS: cold extrusion strengthening; porous aluminum alloy sheet; pre-corrosion fatigue; S-N curve; C(f) curve; dam-

age mechanism
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Tab.1 Main chemical composition of 7075-T6 aluminum alloy ( mass fraction, %)
Cr Cu Mn Fe Si Mg Ni Ti Zn Al
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Fig.1 Aluminum alloy specimens strengthened by cold extrusion with different number of holes: a) single hole; b) three holes
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Fig.2 Periodic immersion test: a) schematic diagram; b) real picture
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Tab.2 Corrosion medium composition and concentration of
accelerated corrosion solution

c(H,S04)/  c(HNO3)/ o i
P (mol-L™h (mol-L™) w(NaCl)/% 717K
1.0 0.0406 0.0919 35 —
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Tab.3 Relevant parameters of periodic immersion test
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Tab.4 Fatigue test results of single-hole cold extrusion strengthened specimen
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= St ¥ 7 Kol i 45 Sl BT x—X|/s XIEARS RS .
5. /MPa g5 Nycyeles FECFar XBOIE R | | R S R AL CBHERE 7=90% )
1 191 562 5.28 1.312 3
2 118 807 5.07 0.5550
230 5.14 0.111 0.021 6 3
3 144 331 5.16 0.205 7
4 107 031 5.03 0.963 0
1 133 996 5.13 1.1955
2 67 195 4.83 09131
240 4.96 0.142 0.028 7 3
3 71 308 4.85 0.7316
4 104 955 5.02 0.449 2
1 50 078 4.70 0.686 2
2 53417 4.73 0.960 6
260 4.63 0.102 0.022 1 3
3 32302 4.51 1.177 3
4 38 155 4.58 0.469 5
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Tab.5 Fatigue test results of three-hole cold extrusion strengthened specimen

/MR

ROy e AT agme OO RS [TUs APERRE T
1 100 580 5.00 0.229
2 55195 4.74 1.245
230 4.96 0.18 0.0356 4
3 85978 4.93 0.156
4 147 582 5.17 1.172
1 157 894 5.20 1.457
2 96 291 4.98 0.156
240 5.00 0.13 0.026 6 3
3 81237 4.91 0.710
4 84 257 4.93 0.591
1 73 300 4.87 0.927
2 26 177 4.42 0.984
260 3 59 164 4.77 4.59 1.21 0.529 0.0464 5
4 32383 4.51 0.387
5 25008 4.40 0.913
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Fig.3 Mean fatigue S-N curves of single hole and three
hole extruded specimens
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Tab.6 Corrosion fatigue test results of single-hole extrusion strengthened specimens

S SNl s 95 55 F e A R /MR
o 9% 55 F5 1t 3 . .
Tl iRt [E] /h Omax/MPa B Ny/cycles LRl EX 10 ( BEE v=90% )
1 31739
2 22 808
33 240 3 55 709 25759.75 0.0155 3
4 22 693
1 25 636
2 24 748
165 240 3 53 609 25612.26 0.007 8 3
4 28 456
1 5523
330 240 2 10 924 8173.6 0.038 1 3
3 8 074
1 3156
2 2819
495 240 3 5 209 3901.75 0.034 8 3
4 4423
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Tab.7 Corrosion fatigue test results of three-hole extrusion strengthened specimens
F = SN - I 55 FA Y X BAE S /M ER
'F- W% 55 5t N
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1 24 560
33 240 2 25024 24 802.25 0.003 5 3
3 23 765
4 25 860
1 24 704
165 2 27 351 26 288.67 0.005 3 3
3 26 811
1 6 848
330 240 2 8658 8037.5 0.0128 3
3 8 798
4 7 846
1 2 608
495 240 2 4031 3991.75 0.033 3 4
3 4629
4 4 699
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Fig.4 Corrosion C(?) curves of single-hole and three-hole
extrusion strengthened specimens
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Fig.5 Surface corrosion morphology of single-hole and three-hole strengthened specimens
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Fig.6 EBSD observation of cross section of three hole strengthened specimen: a) EBSD (uncorroded);
b) SEM (corrosion for 330 hours); ¢) BSE (corrosion for 330 hours)
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Fig.7 Fatigue fracture morphology of single-hole strengthened specimen
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Fig.8 Fatigue fracture morphology of three-hole
strengthened specimen
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Fig.9 SEM observation results of crack initiation
zone after corrosion: a) corrosion for 165 hours;
b) corrosion for 495 hours
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Fig.10 Surface corrosion mechanism of specimen strengthened by hole extrusion
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Fig.12 Surface crack initiation position of three hole extrusion strengthened specimen: a) corrosion for 33 hours;
b) corrosion for 165 hours; ¢) corrosion for 330 hours; d) corrosion for 495 hours
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