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Abstract: In order to analyze the characteristics difference of foreign object damage
caused by different metal hard materials on the aero-engine fan blades, beads made of steel,
copper, aluminum and lead were regarded as foreign objects, the intake edges of real blades
were impacted at two angles and different speeds, and the dynamic damage process was sim-

ulated by numerical methods. The experiment results showed that when the steel and copper

175 B H#:2019-06-26
BEEWH : FH K &AM & BRI (2015CB057400)
TEE R 4715 (1995 ), B B4R, B NFALAS R BHLEE Y R BE SRS 5T .

SIAMES A7 R VPR 2 AN R Ry ol s e S LM R B 5 0. i %S 3 00 2 41, 2020, 35(1) £ 18-29. SHU Chang.,

CHENG Ming,XU Yu,et al. Study on damage of aero-engine blades caused by different metal hard materials[J]. Journal

of Aerospace Power,2020,35(1):18-29.



1

WS O TR G Jm B el A A R s Ly R 5T

19

beads impacted, the blade damage morphology could be divided into pits, tears and gaps,
when the tearing appearance occurred, the small angle impact required higher speed com-
pared with large angle impact. Furthermore, copper beads impact required higher speed com-
pared with steel beads impact; aluminum beads and lead beads had large deformation when
they were impacted, which only caused extrusion deformation of the blade. The simulation
results showed that, when the impact energy was 2. 2], there were two significant peaks of
contact force in the process of tear damage caused by copper beads and steel beads, accompa-
nied by the phenomenon of “kinetic energy recovery”; more kinetic energy of the copper bead
was transformed into the blade and its own strain energy, so its penetration ability to the
blade was not as good as that of the steel bead; the aluminum bead had the highest impact
force, and the ratio of its kinetic energy to its own strain energy was the highest; the impact
force peak of the lead bead was not obvious, and most of its kinetic energy was converted in-

to heat consumed by friction.

Key words: foreign object damage (FOD); fan blades; ballistic impact;

damage simulation; damage appearance; dynamic response
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Fig. 1 Light gas gun test system
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Table 1 Mass fraction of chemical composition of BT3-1 titanium alloy blades %
Bure FEILER
i Ti Al Mo Cr Si Fe
KB B 5 6. 22 2. 36 1.42 0. 29 0. 41
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Table 2 Material properties of beads

ST Wk i 2k Mk ik

%/ (kg/m*) 7781 8465 2688 10350
PG 5.5~6.0 3.0~4.0 2.0~2.5 1.5
PR/ GPa 207 100 71 16
PR ME L/ MPa 763 125 30 25
JE IR #EBE/MPa 518 300 95 5
THAA I 0. 30 0. 32 0.33 0. 42
He YN AR 0. 28 0. 40 0.50  0.65
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Fig. 17 Time history curve of bead kinetic energy
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Fig. 18 Kinetic energy loss rate of beads
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Fig. 19 Transformation of bead kinetic energy
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