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Naval ships are designed to have a variety of active and passive systems to defend against enemy threats, One of the passive
defense systems is to protect crew members and core equipment against the threat by using the outer plate of the equipment,
This study was intended to deal with design methods against small arms ammunition and fragments, The Korea Institute of Machinery
and Materials has measured the ballistic limit velocity of two types of high—tensile plate materials (AH36 and EH36) widely used
in ships and offshore structures through tests in cooperation with various related organizations, and the result data is continuously
accumulated, Based on the accumulated test results and data, such as mil test certificates of plate materials, it is intended to
estimate the protection limit speed of high—tensile plates and to develop a simple calculating formula that can be used in the
early design stage.
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Fig. 1 Definition for ballistic limit (Air Force Flight Dynamics
Laboratory, 1976)
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Table 1 Chemical parameters of high strength steels (Octal Metals, 2020)
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Steel C Mn Si P S

AH36 <0.18 0.7-0.16 >0.015 0.1-0.5 <0.04 <0.04
DH36 <0.18 0.9-0.16 >0.015 0.1-0.5 <0.04 <0.04
EH36 <0.18 0.9-0.16 >0.015 0.1-0.5 <0.04 <0.04

Table 2 Mechanical properties of high strength steels (Octal Metals, 2020)

Thickness Yield Tensie Elongation Ve impat?t test
Steel (mm) strength strength (%) Temp. Absorption work (Akv/J)
(MPa) (MPa) (C) Vertical Horizontal
AH36 <50 >355 490-620 >22 0 >34 >24
DH36 <50 >355 490-620 >22 =20 >34 >24
EH36 <50 >355 490-620 =22 -40 >34 =24
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Fig. 2 Plate tested for ballistic limit velocity
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Fig. 3 An example of ballistic limit velocity for AH36

AH36

900

X prediction
850 | —F—test

800 [

~
wn
o

-~
o
o

600 [

ballistic velocity (m/s)

G 6 7 8 9 10 1
thickness (mm)

Fig. 4 Ballistic limit velocity for AH36
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- *
g .......................................... O ........ u ................ Thickness Yield Ultimate | Elongation
g &0 (mm) strength strength | at break | U value
Bool (MPa) | (MPa) | (%)
5 . 6.27 457 533 21 6,930
7.13 450 521 25 8,092
o 8.32 435 508 27 8,487
o e e e, 9.03 480 551 18 6,186
No. of shot 10.25 414 502 26 7,939
Fig. 5 An example of ballistic limit velocity for EH36 11.33 436 517 25 7.942
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Table 5 Representative mechanical properties
(mean/standard deviation)

Elongation
at break (%)

23.8/1.6
24.6/2.6

Yield strength | Ultimate strength
(MPa) (MPa)

AH36 409.4/26.4 544.3/8.8
EH36 441.0/17.4 509.8/17.6
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Fig. 7 Error of ballistic limit velocity for AH36 and EH36

Fig. 8 Standard fragments (Jordan & Naito, 2010)
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Polyurea Coating

Fig. 11 AH36 plate with polyurea coating

Table 6 Mechanical properties of polyurea coating material

Densit Yield Ultimate | Elongation
(k /mg; strength strength | at break
9 (MPa) | (MPa) (%)
XS-350 1,180 18.1 19.2 162

Table 7 Ballistic limit velocity of combined plates

Plate Coating Test Predicted

thickness | thickness result result E(;)o)r
(mm) (mm) (m/s) (m/s)
7.18 3.02 665.2 643 3.3
7.18 4.01 664.4 645 2.9
7.18 4.88 658.4 647 1.7
8.19 3.10 736.6 702 4.7
8.19 3.72 721.3 703 2.5
8.19 4.73 721.1 705 2.2

Table 8 Ballistic limit velocity of combined plates

Coating Plate Test Predicted
thickness | thickness result result E(;o)r
(mm) (mm) (m/s) (m/s) °
3.02 7.18 641.6 642 0.1
4.01 7.18 638.8 642 0.5
4.88 7.18 629.0 642 2.1
3.10 8.19 694.4 701 1.0
3.72 8.19 690.2 701 1.6
4.73 8.19 696.6 701 0.6
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