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A Study on the Damage Design of Military Aircraft Structure Material
by Armor Piercing Bullet Hit

ol & 3° [ R

Jangwook, Hur Youngjin, Hyun

Abstract

Database for the damage reference by armor piercing bullet test was established for both tube and plate
specimens having a range of thickness. As the inclined angles of hit are increasing, it has been found that
penetration damage diameter tends to increases accordingly in both specimen of the tube and plate, and such
penetration damage diameter on the rear side becomes bigger than those on the front side. The tube specimen
showed that the damage becomes bigger when central areas rather than the peripheral were hit. Through the plate
test, it also has been found that the penetration ballistic limit for Al alloy is about 25.4mm and that of stainless
steel about 12.7mm. From the fatigue analysis results using the database for damage reference, it has been

identified whether the safety requirements of military aircraft could be met.

Keywords : Ballistic Damage Tolerance Design, Penetration Damage Diameter, Hit Incidence Angle, Minor's Rule, Total
Damage, Reduction Factor, Safe Life, Armor Piercing Bullet
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Fig. 1. Specimen configurations
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Table 1. Tube specimens of firing test

hit number of rounds
diameter, |thickness, | incidence | | alloy stainless
D(mm) | t(mm) angle, (70 (gﬁ%
o(°) series) series)
2.7 24 -
39.0 0
3.5 20 -
50.0 4.0 0 - 13
Total 44 13

Table 2. Plate specimens of firing test

thickness, | hit incidence A nLljlmber of .rolunds |
)| angle, OC) | ) S | i serios
0 5 -
3.2 30 5 -
60 5 -
0 5 2
12.7 30 5 2
60 5 2
0 5 2
254 30 5 2
60 5 2
Total 45 12

(@ 0° (b) 30°

(c) 60°

Fig. 2. Schematic diagram of the fixtures used for the
specimen set up
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type

center edge center edge

Al alloy
D : 39mm,
t : 3.5mm

stainless
steel
D : 50mm,
t: 4.0mm

Fig. 5. Photographs of front and rear side to the tube
specimens

Table 3. The results of penetration damage diameter to
the tube specimens

thick front side rear side | umber
maferial | shape standard standard|  Of
timm e e :
f AVEra0e | oviation | 2414% | Geviation | testing
27 center | 17.7 0.9 20.9 4.2 18
Al |7 | edge | 155 | 85 [ 219 | 23 | 6
alloy yg | center | 188 | 13 | 226 | 41 | 16
' edge | 16.8 54 257 3.0 4
stainless 10 center | 14.8 1.8 143 0.7
steel | edge | 139 | 38 15.1 0.7
sk 2EQ1E| 27 A SHREL RS BES UE
Wy ot
IEA DS tube Ao} FHF BT ST
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Fig. 6. Relation between tube thickness and penetration
damage diameter of Al alloy tube
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Fig. 7. Photographs of front and rear side to the plate
specimens

Table 4. The results of penetration damage diameter
to the plate specimens

it front side rear side

- number
., | thick, |incidence

material { of
tmm) | angle, standard standard| , °

0C) | 28% | deviation | ™% | geviation | €SING
0 12.7 0.5 13.8 1.0 5
3.2 30 18.3 1.0 19.0 1.0 5
60 37.8 1.7 30.9 1.4 5
Al 0 11.1 0.3 134 1.5 5
1 12.7 30 13.0 22 14.1 4.8 5
il 60 | 470 | 101 | - . 5
0 11.0 0.4 - - 2
254 30 18.4 24 - - 2
60 65.4 6.4 - - 2
sainless 0 10.4 0.4 15.6 0.7 2
teel 12.7 30 - - - - 2
see 60 - - - - 2
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Table 5. Damage of engine support structure

. penetration damage hit incidence
material : o
diameter, D(mm) angle(®)
stainless steel 15.6 0

penetration damage
diameter : 15.6mm

Fig. 11. Modelling of engine support structure with
ballistic damage
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Fig. 12. The stress analysis result of engine support
structure with ballistic damage.
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