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Ballistic test of double-layer metal casing of aero-engines

ZHANG Fan', CAO Zhenzhong', MIAO Yan*, CONG Peihong’,
BAI Songhan®, ZHANG Dingguo'

(1. School of Science,
Nanjing University of Science and Technology, Nanjing 210094, China;
2. Shenyang Engine Research Institute,
Aero Engine Corporation of China, Shenyang 110015, China)

Abstract: In order to study the containment of double-layer metal-structured casing of aero-
engines under blade ‘s impact, the ballistic test of double -layer titanium alloy laminated target
plates with different clearances was carried out by using a sliding-bore gun test system. The pro-
cess of blade penetration into target plate was recorded by high-speed camera system, and the
damaged targets were recovered. The penetration resistance and failure modes of different laminat-
ed target plates were studied. Through 28 effective ballistic tests, it was found that: compared
with the test results of the combination with the same thickness of the inner (attack surface) and
outer target plate, the larger gap indicated the worse anti-penetration ability of the target plate;

compared with the test results of the combination without the gap, the anti-penetration ability of

Wots H 8 :2021-03-15

EEWB : HRARREIS (11772158) ; i B IEARHIF I 55 %% 1 (30917011103)

PEZE B AT skl (1990—), B 44, B0 % K Sh WAL I 40 75 o ) R TR B 5

BAEIEE % [ (1967 ), 9, 0 B Sl Wb, F ST s Uk 2k R G0 8h 2 S5 .
E-mail : zhangdg419@mail. njust. edu. cn

SIARE ok, WD, 5 A R S L UZ S5 4 45 TR AL Y 8l e [T ], Aieas 3l ) 2 i, 2022, 37(6) : 1248-1259. ZHANG
Fan, CAO Zhenzhong, MIAO Yan, et al. Ballistic test of double-layer metal casing of aero-engines[J]. Journal of Aerospace

Power, 2022,37(6) : 1248-1259.



%61

g LSRR S HILRUZ 45 ) 4 R AL A S T 1249

the combination with the thinner inner target plate was better than that of the combination with

the same thickness of the inner and outer target plates. The ballistic test was simulated numerical-

ly by commercial finite element software ANSYS/LS-DYNA. The finite element simulation re-

sults were in good agreement with the test results. It was found that the anti-penetration ability of

the combination with thinner inner target was stronger than that of the combination with thicker in-

ner target, and both of them were stronger than that of the combination with the same thickness

of inner and outer targets; in the case of no clearance, the ballistic limit increased with the in-

crease of blade angle of attack, but the angle of attack of the sudden increase of velocity curve

was different. The dimensionless target thickness determined the failure mode of the blade impact-

ing the double-layer targets.

Key words: double-layer TC4 laminated target plates; ballistic test; gaps;
ANSYS/LS-DYNA numerical simulation; penetration; ballistic limit;

dimensionless target thickness
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Table 1 Prediction results of numerical simulation of ballistic tests

L EiNe vy/(m/s) ARG vy/(m/s) LGSRy vy/(m/s)
5S+0A+5S 263.2 2S+0A-+8S 272.1 8S+0A+2S 264.9
5S+2A+5S 251.9 2S+2A-+8S 257.7 8S+2A+2S 265.9
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5S+8AD 224.3 2S+8A-+8S 258.8 8S+8A+2S 259.7
5S+10A+5S 218.8 2S+10A+38S 263.3 8S+10A+2S 256.8
5S+15A+58 207.7
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Table 2 Results of ballistic tests

AN hg Ro2 LILR IRty 06 45 R vo/(m/s) v,/(m/s) AW a/ (%)
£23 2S+0A+8S B 297. 43 113.07 0 0
224 2S+0A+8S ik 294. 66 133. 32 0 110. 00
#30 2S+0A+8S B 259. 30 —9.71 0
#25 8S+0A+2S Bk 280. 95 9.96 5.00
£26 8S+0A+2S BLoE 35 vy 307. 28 42. 40 4.70 20. 00
#31 8S+0A+2S B 290. 52 8.02 11. 50
27 5S+0A+5S B 274. 28 111. 56 0.77 —12.00
242 5S+0A+5S Bk 269. 82 10. 44 0
#43 5S+0A+5S BLoE BT vy 273.13 45. 64 0 —24.00
=7 5S+2A+58 Bk 256. 61 25.91 2.65
£8 5S+2A+5S Bk 280. 28 —20.11 0
=11 5S+2A+58 Bk K 256. 00 —17.29 5. 80 —12.00
240 5S+2A+5S g 270. 63 181. 25 0 —2.00
#10 5S+5A+5S B 302. 93 235. 50 —4.57 —7.30
#12 5S+5A+5S ik 286.79 201. 61 9.06 —4.00
#13 5S+5A+5S Bk 272. 59 —4.69 13.43 0
214 5S+5A+5S P 259. 52 118. 86 7.13 0
#44 5S+5A+5S i 238. 83 159. 87 0 —13.00
#15 5S+8A+5S iz 255. 42 197. 49 —4.70 10. 00
16 5S+8A+5S Dy 233.67 2.50 —6.25 —19.00
#41 5S+8A+5S P 246. 59 117. 86 4.94 0
#17 5S+10A+5S B 225.67 99. 20 —1.59 —2.00
#18 5S+10A+5S Gig 212. 08 76. 24 0 —4.90
#21 5S+10A+5S B 207. 41 92. 65 0 0
#22 5S+10A+5S ik 230.97 77.65 2.97 18. 50
£19 5S+15A+5S B 208. 52 116.55 0 —7.50
£20 5S+15A+5S Bk 196. 18 —14.75 —10.38 17. 50
£32 5S+15A+5S HEHE vy, 210.00 3.72 16. 50
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Fig.9 Test #32 numerical simulation results are compared with the test results
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Fig.10 Blade of test #32 along y axis velocity-time curve
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with the simulation results
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Fig.12 Test results agree well with the simulation results

under 0 mm gap
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