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ABSTRACT: The thin metallic plate is ordinarily used as rapped structure. The paper aims to evaluate the anti-penetration per-
formance of the thin metallic plate against high-speed bullet, in order to evaluate the anti-penetration performance of the com-

plex structure rapped by thin steel plate. The 7.62 mm bullet is adopted to evaluated the anti-penetration performance of thin
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metalllic plate, which is used by 56-type rifle manual firing method. Single steel plate, 4 mm and 8 mm 06Cr19Nil0 plate and 8
mm and 16 mm 30CrMoA plate are respectively shot by the bullet. Double steel plates, 06Cr19Ni10 and 30CrMoA plates with

thickness combination as 4 mm+8 mm and 8 mm+8 mm are also studied. The striking and residual velocities of bullet is meas-

ured in the test, and the fracture mode of the target is analyzed. The ballistic limit velocity of perforated plate is theoretically

obtained. It is indicated that the 7.62 mm ordinary bullet can not perforate the single steel plate made of 30CrMoA steel with

thickness 16mm. It can not perforate all double steel plates tested in the present paper. Other single steel plates tested are perfo-

rated by the bullet. Based on the Recht-Ipson model, 4 mm and 8 mm 06Cr19Ni10 and 8 mm 30CrMoA steel plate has ballistic

limit velocity 511.7 m/s, 498.6 m/s and 684.3 m/s, respectively. With the increase of thickness, the failure mode of plate trans-

forms from ductile hole-enlargement into plugging, and both are ductile failure modes. The high-strength backing plate can en-

hance the anti-penetration performance of the front plate.

KEY WORDS: 7.62 mm ordinary bullet; gun-shot test; 06Cr19Nil0 steel; 30CrMoA steel; ductile hole enlargement; plug; bal-
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Tab.1 Comparison of the static mechanical performance of 06Cr19Nil0 and 30CrMoA

Material Density/ Elastic Possion's Yielding Reduction Dynamic ductility/ Rupture
name (g'em™)  modulus/GPa ratio strength/MPa of area/% (kJ-m?) strength/MPa
30CrMoA 7.82 209 0.27 735 ~50 ~710 930
06Cr19Nil10 7.82 205 0.33 210 ~75 >2500 520

®2 WHREWIREBIME
Tab.2 Configuration of target for gun-shot test

Type

Configuration
06Cr19Ni10(4 mm)
06Cr19Ni10(8 mm)

30CrMoA(8 mm)
30CrMoA(16 mm)
06Cr19Ni10(4 mm)+30CrMoA(8 mm)
06Cr19Ni10(8 mm)+30CrMoA(8 mm)

Single steel
plate

Double steel
plates

1.2 56 3k 7.62 mm L&

56 7 7.62 mm 38 SR 5w UL A IR AL A 5
KM BAfCFEME, 7.62 mm 3 0 32 Bl B Fr e
SLPRERA A, WE 1 FR, e 165g, K2
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mE 3 Rl U FREA N 3.6 g, K2 19.7 mm,
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Fig.1 7.62 mm ordinary bullet with cartridge case (left)
and its cross-section view (right)
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Bullet Target

K6 Al mh 55 AT B Y
Fig.6 High-speed photography of bullet into target during
shooting
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Tab.3 Test results for single steel plate against 7.62 mm bullet

Residual veloc- Residual

. . . Lol
Target ma- Target thick- Backing ef- Striking velocity/(m-s™") ity/(mes ) mass/g
Test No. terial ness/mm fective plate Hich d
P E9900-X 1gh-speed  pijlet  Plug  Bullet  Plut
photography
S-3 8.06 Yes 744 745 147 171 3.6 —
S-4 7.97 Yes 760 753 210 243 3.6 —
S-25 30CIMoA 7.93 Yes 771 725 177 192 — —
S-26 8.03 Yes 760 734 183 209 3.6 5.1
S-9 15.96 No 751 745 Not perforated 3.6 —
S-10 15.95 No 753 717 Not perforated 34 —
S-15 3.91 No 745 783 551 — — —
-1 . N 44 2 — — —
S-16 06Cr1ONi10 3.97 ) 7 729 578
S-21 7.99 No 753 712 406 436 — —
S-22 8.00 No 738 729 378 402 — —
R4 WNEMHEH 7.62 mm L@ EEMLHBER
Tab.4 Test results for double steel plates against 7.62mm bullet
TestNo.  Target material  Target thickness/mm Striking v?11001ty/ Residual leocny/ Residual mass of
(m's™) (m's™) bullet/g
06Cr19Nil0 3.98
D-3 CrioNi o 754 Not perforated —
30CrMoA 8.03
D-4 06CrI9Ni10 3.94 754 Not perforated —
30CrMoA 7.97
06Cr19Nil0 7.99
D-9 i ! 747 Not perforated 3.6
30CrMoA 7.89
06Cr19Nil0 7.98
D-10 758 Not perforated —
30CrMoA 8.00
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Fig.7 Morphology of recovered bullets and plugs
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Fig.8 Topographic image of Sing steel plate after shot, impact/front surface (upper) and distal surface (lower)
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Fig.9 High-speed photography of S-26
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Fig.10 The mark for bullet core and plug on 2A12 plate (S-4)
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Fig.11 Comparison of recovered bullet core and plug after
perforating of 8mm O06Cr19Nil0 steel plate (M-4) and
30CrMoA SSP (S-26)
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Fig.12 Topographic images for DSPs
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Fig.13 Topographic images of hole in DSP, impact surface and distal surface: a) 06Cr19Nil0 (4 mm)+30CrMoA(8 mm), front
steel plate; b) 06Cr19Nil0 (4 mm)+30CrMoA(8 mm), backing steel plate; ¢c) 06Cr19Nil0 (8 mm)+30CrMoA(8 mm), front steel
plate; d) 06Cr19Ni10 (8 mm)+30CrMoA(8 mm), backing steel plate
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