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Effects of Foreign Object Damage on Fatigue Strength of
Stainless Steel Simulated Blades
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Abstract: In order to study the residual fatigue strength of stainless steel blade after foreign object damage
(FOD), FOD and high cycle fatigue (HCF) tests of 1Cr15Ni4Mo3N stainless steel simulation specimens of real
blade leading edge were carried out. FOD tests of simulation blades were performed by the air cannon system and
the results show that the damage can be divided into three types: semicircle type, V type and tearing type. The
damage depth increases with the enlargement of the steel ball diameter and the incident velocity. HCF tests of test
samples subjected to FOD were conducted by a step—loading method. The results show that the amplitude fatigue
strength of test samples subjected to FOD has decreased by more than 70%. It shows a significant downward trend
with the increase of damage depth and incident speed. The HCF strength of three notch types is different. The fa-
tigue strength of semicircle type notch is higher, while of V type notch is slightly lower, and of tearing type notch
is the lowest. The micro characteristics of damage notches and fatigue fractures were observed by SEM. The fa-
tigue source area is near the notch root surface, which indicates that the loss of material, shear bands and shear

dimples caused by high—speed impact promote the initiation of fatigue crack.
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Fig.1 Typical microstructure of 1Cr15Ni4Mo3N material

Table 1 Chemical composition of 1Cr15Ni4Mo3N material

in wt% "7

C Mn Si Cr Ni Mo N

0.11~0.16 0.50~1.25 <0.70 14.5~15.5 4.0~5.0 2.3~2.8 0.05~0.1

Table 2 Basic mechanical properties of 1Cr15Ni4Mo3N

and GCr15 at room temperature **

Material Density Young’s Poisson’s
ateria /( kg/m3) modulus/GPa ratio
1Cr15Ni4Mo3N 7770 194.2 0.30
GCrls 7850 210.0 0.30
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Fig. 3 Smooth dog bone standard sample(mm)
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Table 3 FOD test parameters

Group Specimen Lead?ng edge Impact velocity/ Diameter of
numbers radius/mm (m/s) steel ball/mm

1 8 0.1 265 3

2 27 0.1 200 3

3 15 0.1 340 4

4 15 0.085 265 4

5 5 0.085 265 3

6 3 0.085 280 4

7 30 0.085 340 4
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(a) Picture of air cannon system
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(b) Schematic diagram of air cannon system
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Fig. 4 Air cannon system
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