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An Experimental Study of Dispersion of Residual Fatigue Life of Damage-Containing
Structures of 30CrMnSiNi2A Alloy Steel and Its Influencing Factors

CUI Ronghong, LI Xiaotao., ZENG Yilu
(Aviation Engineering School, Air Force Engineering University, Xi’an 710038, China)

Abstract In order to explore the potential of residual fatigue life of damage-containing structures to meet
the requirements of high reliability, the residual fatigue life test of damage-containing structures made of
alloy steel material 30CrMnSiNi2A is carried out, and the residual fatigue life dispersion and its influencing
factors are analyzed. The formal experiment procedures are simplified according to the results of fatigue
comparison preliminary experiment test between pieces containing pre-cracked damage and pre-set wire-cut
damage under equal amplitude spectral loading. The qualitative analysis of remaining fatigue life of damage-
containing structures is performed under different heat treatment processes and different load levels. Test
data analysis results show that the heat treatment process is able to improve the strength limit of alloy
steel materials, reduce the load level, and effectively improve the remaining fatigue life of damage-contai-

ning structures. Under the conditions of different treatment processes and different load levels, with the
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increment of damage in size, the difference in the scattering factor of the remaining fatigue life increases.

The damage being larger in size, the residual fatigue life of the heat-treated damage-containing structure

test pieces under a low load level is lower, and the life dispersion is lower. By doing so, the remaining fa-

tigue safety life can be effectively improved to meet the reliability requirements.
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Tab. 1  Chemical composition of 30CrMnSiNi2A ultra-high
strength steel

%

C Mn S P Si Cr
0.3 0.95 0.009 0.021 0.97 0.95
Ni Cu Mo \ Ti w

1.58 0.20 0.09 0.01 0.016 8 0.02
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Fig. 1 Alloy steel strip perforated plate specimen,local en-

largement and structural schematics
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Fig. 2 Screenshot of fatigue test site and magnifying glass

observation
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Tab. 2 Test value of residual fatigue life of test pieces of alloy

steel not strengthened by heat treatment process under

low load "
= 0.5-C 2-C 3-C
1 20 806 9 910 5717
2 24 713 9 571 4 727
3 24 290 8 862 4 966
4 24 987 8 057 5 349
5 22 233 9 136 5 058
6 21 873 10 632 5 684
7 23 762 10 023 5928
8 26 222 10 375 4 966
9 25 644 9 765 5 325
10 24 273 10 040 4526
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Tab.3 Test values of remaining fatigue life of alloy steel test pieces strengthened by heat treatment process under different loads
B %= T A2 57 734w /IR
1-C 5 369 5 052 5 246 5 154 3823 5371 5096 5 600 5150 5 144
N 1. 5-C 3 543 3 607 3290 3692 3185 3 893 4 093 3619 4 420 3 807
iR 2807
2.5-C 2 664 1 855 2522 1971 2627 2 446 2 786 2 291 1907 2 298
3-C 1069 1572 1702 2 100 1422 1984 1 354 1833 2023 1396
1-C 33972 28 636 28 251 27 124 27 987 30 617 28 772 28 574 25 290 29 355
A0 2 for 1.5-C 33272 28 636 28 251 27 124 27 987 30 617 28 772 28 574 25 290 29 355
2.5-C 20 069 20 801 20 756 20 995 20 470 20 777 21 831 18 450 21 659 20 152
IR # B 6 =1 513.81 MPa, 8 fif F...= B 5

29.52 kN,F ;,,=1. 78 kN %/ T, 58 BT id 1A 5
PFREY & 248 005 RT 5 BT AR 0% 55 75 i ik
B AR BOAR 2 i 4 R,

x4 PMAEZEEBRGRIGREGRKESTF®
Tab.4 Remaining fatigue life of test pieces after pre-cracking

to specified damage size

/N

A2 0.5-C(D) 0.5-C(1.5) 1.5-C(2.5) 2.5-C(3)
1 4 741 3 257 1101 1472
2 3 981 2 909 1175 578
3 4 758 2 842 1363 1265
4 3 246 3 044 1642 905
5 3 833 1996 1 369 1181
6 4 975 3 269 1317 1238
7 4 611 1 888 2 004 1438
8 4 235 3 451 1636 981
9 3307 2729 2 202 852
10 3 569 2 119 1 870 1 045
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Tab.5 Mean values of residual fatigue life and coefficient of dispersion for different types of damage test specimens

1512~ /mom 75 i 4 {H 5 AR E 22 % i o> AR R
B R A LY ik el A5 i€l 2 5 1
1 4126 5101 0.068 0 0.014 3 1.755 4 1.755 4
1.5 2 750 3715 0.095 2 0.042 0 2.198 5 1.416 4
2.5 1568 2 337 0.100 4 0.063 6 2.295 5 1. 692 6
3 1241 1 646 0.122 4 0.093 9 2.752 4 2.173 8
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Fig. 3 Variation of residual fatigue life with damage state
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Fig. 4 Fatigue fracture fracture diagrams of test pieces with

different wire-cut damage sizes
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Fig. 5 Variation of standard deviation of residual fatigue life

with damage state for different types of damages
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Fig. 6 Variation of the dispersion coefficients of the remai-
ning fatigue life of different types of damage with
damage states
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taining structures under different conditions
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Fig. 8 Variation curve of dispersion of residual fatigue life

of test pieces with different damage sizes
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