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Table 1 Chemical composition of 38CrMoAl steel (/%)
C Si Mn Cr Mo Al S P
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Table 2 Mechanical properties of 38CrMoAl steel after

different salt spray corrosion periods

Corrosion Yield Tensile .
period/d strength/MPa  strength/MPa Elongation/%
0 711 956 175
10 689 940 16.8
20 674 909 13.6
30 668 890 10.8
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Fig.8 Stress-strain curves of 38CrMoAl steel under high strain rate after salt spray corrosion for different periods: (a) 0 d, (b) 10 d,
(c)20d, and (d) 30d
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Table 3 Mechanical properties of 38CrMoAl steel under high strain rate after different salt spray corrosion periods

Corrosion period/d Strain rate/s™ Yield strength/MPa  Fracture diameter/mm Type of fracture
1700 796 3.52 Unbroken
2200 856 2.68 Ductile fracture
0 2600 900 2.59 Ductile fracture
3000 946 2.58 Ductile fracture
1700 750 3.50 Unbroken
2200 770 2.89 Ductile+1 tear
10 2600 800 2.84 Ductile+2 tear
3000 834 3.06 Ductile+3 tear
1700 711 3.16 Ductile+multiple tears
2200 752 3.06 Ductile+multiple tears
20 2600 787 2.90 Ductile+multiple tears
3000 824 3.02 Ductile+ multiple tears
1700 683 3.04 Ductile+multiple tears
2200 707 2.93 Ductile+multiple tears
%0 2600 736 2.75 Ductile+multiple tears

3000 786 2.90 Ductile+multiple tears
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Fig.9 Fracture morphologies of specimens under different corrosion periods and different strain rates: (a, b) 0 d quasi-static; (c) 0 d high strain

rate; (d, e) 30 d quasi-static; (f) 30 d high strain rate
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Table 4 EDS analysis results of quasi-static fractures before and

after salt spray corrosion

Element 0d 80d
wl% at% wl% at%
C 0.66 2.95 1.00 2.10
Al 0.90 1.81 - -
(0] - - 47.67 74.76
Cl - - 0.26 0.18
Cr 1.67 1.73 0.32 0.16
Fe 96.77 93.51 50.72 22.80
Total 100.00  100.00 100.00 100.00
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Table 5 J-C constitutive model parameters of 38CrMoAl steel after different periods of salt spray corrosion

Corrosion period/d A/MPa B/MPa n R%(n) c R*(C)
0 711 702 0.4778 0.8979 0.015 77 0.6658
10 689 665 0.4588 0.9101 0.009 894 0.6918
20 674 633 0.4403 0.9401 0.009 623 0.5367
30 668 697 0.4634 0.9569 0.006 180 0.3569
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Fig.11 Comparison of J-C constitutive parameter fitting results and experiment: (a) In(c—A)-In ¢ and (b) o-In(/&,)
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Fig.12 Comparison of the fitted results of the modified strain rate

enhancement items and the test
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Table 6 Fitting results of the modified strain rate enhancement

items
Corrosion period/d p D R
0 0.5580 5489 0.9937
10 0.6549 8578 0.9809
20 0.4042 5396 0.9919
30 0.2773 4859 0.9995
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Fig.13  Fitting results of corrosion correction parameters under

quasi-static conditions

R7 AEHEZEIHELE 38CrMoAl $HHY J-C AHERI S5
Table 7 J-C constitutive model parameters of 38CrMoAl steel

after different salt spray corrosion period

Strain rate/s™ A/X107 R?
0.001 -2.2602 0.9220
1700 -4.9799 0.9850
2200 -6.1834 0.8979
2600 -6.4922 0.8677
3000 -6.3118 0.7815
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Table 8 Adiabatic temperature rise and m value under high strain rate
Strain rate/s™ 0d 10d 20d 30d
ATIC m ATIC m AT/C m AT/IC m
1700 38.0 0.5064 33.0 0.3720 29.9 0.3316 28.8 0.3440
2200 54.1 0.6672 415 0.3679 40.5 0.3422 40.1 0.4325
2600 69.8 0.5243 53.3 0.3493 50.2 0.3758 46.5 0.3529
3000 73.7 0.4557 63.4 0.3410 56.3 0.3250 49.0 0.3246
F9 BIERM I-CAHSH
Table 9 Modified J-C constitutive parameters
Parameter A/MPa B/MPa n D p1 p2 m
Value 711 702 0.4778 0.5580 5489 -1.48x10°  -2.433x10°  0.4008
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Effect of Salt Spray Corrosion Environment on Dynamic Mechanical
Properties of 38CrMoAl Steel

Chen Yueliang®, Zhang Zhuzhu', Zhang Yong', Bian Guixue', Wang Andong’,
Huang Hailiang®?, Li Junliang®, Zhang Yangguang®
(1. Naval Aviation University Qingdao Campus, Qingdao 266041, China)
(2. 91206 Troops, Qingdao 266109, China)

Abstract: 38CrMoAl steels were subjected to quasi-static and impact tensile tests with strain rates from 0.001 to 3000 s™ after salt spray corrosion
at different periods to investigate the effect of salt spray corrosion environment on the dynamic mechanical properties of 38CrMoAl steel materials
under high strain rate conditions. The surface morphology, corrosion pit depth, corrosion product composition and fracture morphology of
38CrMoAl steel after salt spray corrosion were analyzed by digital microscope, FT-IR, SEM and EDS. The results show that the corrosion rate is
positively correlated with the salt spray corrosion time, the corrosion acceleration process follows the power function characteristic, and the
corrosion product layer promotes the corrosion of 38CrMoAl steel. The yield strength of 38CrMoAl steel increases with the increase of strain rate
and decreases with the increase of corrosion cycle. The fracture of 38CrMoAl steel after salt spray corrosion shows many tear-like features. The
longer the corrosion time, the more the tear-like marks. The tear-shaped fracture makes the fracture necking of the specimen no longer develop
uniformly, resulting in a decrease in the tensile strength and an increase in yield ratio after yielding. The strain rate strengthening term and
adiabatic softening term in the J-C constitutive model were corrected, and corrosion correction parameters were added, so that the new model can
accurately characterize the dynamic mechanical behavior of 38CrMoAl steel in a salt spray corrosion environment.

Key words: salt spray corrosion; 38CrMoAl; high strain rate; corrosion morphology; fracture analysis; modified J-C constitutive
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