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This paper presents ballistic limit velocity results of a variety of materials generally used in warships, Ballistic limit velocity is the

velocity required for a projectile to penetrate a target with 50 percents of time and is widely used as a measure of armour

bulletproofing, For this study, live fire experiments were implemented using AK—47 7.62 X 39 mm mild steel core as a projectile

as well as various thickness warship materials as a target, Also, methods of MIL-STD—662F, NIJ-STD-0101.06 and support

vector machine were applied to measure the ballistic limit velocity and then their results were graphically analyzed for

comparison, The minimum of their results was considered as the ballistic limit velocity in a conservative way.
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(a) use of witness plate  (b) not use of witness plate
Fig. 1 Examples of the complete penetration(CP) and
partial penetration(PP) based on both (a) and

(b) criterions
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Fig. 2 Example of MIL-STD-662F results "1,
where a green star is CP while a red cross
is PP and a black square represents valid
data for V;, measurement
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3 Example of NIJ-STD-0101.06 results v,
where a green star is CP while a red cross is
PP and a straight line represents logistic
regression for V;, measurement
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Sy, where a green star is CP while a red

cross is PP and a straight line represents
maximum margin hyperplane to measure Vj,
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Fig. 5 Ballistic limit velocity measurement experimental
setup
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of2g0| EXsich SWM gl = itke] ZAW]| sieske A
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Final Vso = min (V50,1 SVMV50) ©) Table 2 Experimental results with respect to methods;
MIL-STD-662F (MIL), NIJ=STD-0101.06(NIJ),
support vector machine(SVM), and Final

i MIL NILJ SVM Final
Thickness Vio Vio Vio Vio

Al ARBE ZiZte] MIFAel Alet2 o2t 220, Table

P AK-47 7.62 rmm MSCElo|l L3t 2745 H0{FD Qlck Materialsl o) | s) | (mss) | (vs) | (mis)
22 | 587.64 | 587.27 | 587.89 | 587.27

R 2 = Type A | 25 | 646.54 | 645.21 | 644.74 | 644.74
28 | 663.97 | 663.96 | 665.34 | 663.96

— Type A1 22, 25, 28 mm 22 578.6 | 576.99 | 579.33 | 576.99

~ Type B : 22, 25. 30 mm Type B 25 | 633.78 | 631.85 | 629.17 | 629.17

30 691.43 | 694 |690.52 | 690.52
7 653.08 | 652.11 | 659.77 | 652.11
Type C 8 727.43 | 726.6 | 726.45 | 726.45

- Type C: 7,8 9 mm

HSEHASE A=A ML, NJ, SWM 9 717.94 | 716.08 | 719.75 | 716.08
MIL-STD-662F NIJ-0101.06 Support Vector Machine
E 660 + PP 1.2 + PP vsll: 587.2T7T mis E 660 + pp
E 640 # CP > ) * e .| Esa ; g"' y i
upport Vector
2 620 g 2 620
o = 0.8 o
< 600 3 < 600
; # ° 0.6 = e ]
£ 580 + 2 o4 2 580 M
= |
& s60 . | Vso: 587.64 mis (11.9) 0.2 & 560 L V,,: 587.89 mis
o4 B
12 1.25 13 1.35 14 560 580 600 620 640 12 1.25 1.3 1.35 14
Charge (g) Strike Velocity (m/s) Charge (g)
(a) Material Type A (22mm) results
MIL-STD-662F NIJ-0101.06 Support Vector Machine
700 - 700
0 + PP 1.2 + pp| Vso: 84521 mis 7 + PP
£ 680 ® CcpP ® CP £ 680 ® CP
g‘ - E 1 . a é‘ O Support Vector .
Fhe o @ 2 - Fhe ° &
2 | L § oo S | ——
@ T 04 g e ©
5 o : & & 620 V.,: 644.74 mis
[ + | Vgq: 646.54 mis (26) 0.2 ’ v = [ + 50° T4 m
4
0
14 1.45 1.5 620 640 660 14 1.45 1.5
Charge (g) Strike Velocity (m/s) Charge (g)
(b) Material Type A (25mm) results
MIL-STD-662F NIJ-0101.06 Support Vector Machine
E 700 + Pp| Vg, 66397 mis (14) 1.2 + pp| Vg, 663.96 mis E 700 + PP
E » CP . ® CP . E ; :P .
H ; - port Vector
2 680 £ : M 2 680 =
G B | Zos : G o™
= [ — # ......... . w ¥ o m—-._'_
2 660 * +E ﬁ 0.6 : g L 660 e o,
2 . o o4 # 2 .
E 640 d i E 640
o + 0.2 __;,. g o + V,,: 665.34 mis
o B
o ——t
14 1.45 1.5 640 650 660 G670 GBO 14 1.45 1.5
Charge (g) Strike Velocity {(m/s) Charge (g)

(c) Material Type A (28mm) results
Fig. 6 Ballistic limit velocity results of Type A with 22, 25, and 28 mm thickness against AK-47 7.62 mm MSC
using MIL, NIJ, and SVM methods
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» cP
1 e
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& 0.8
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Q04 #
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(a) Material Type B (22mm) results

NIJ-0101.06
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1 B L k|
oy :
=08 3
; !
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o i
0 04 B
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#i
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(b) Material Type B (25mm) results

NIJ-0101.06
+ PP .
1.2 8 cp Vsn_. 694 mls
: R
g’ :
F 0.8 :
E s g
o 0.6 "'
Q 0.4 i
0.2 -
oY T i
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Strike Velocity (m/s)

(c) Material Type B (30mm) results

Fig. 7 Ballistic limit velocity results of Type B with 22, 25, and 30 mm thickness against AK-47 7.62 mm MSC
using MIL, NIJ, and SVM methods
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» L »
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+
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MIL-STD-662F NIJ-0101.06 Support Vector Machine
720 720
—_ * PPlly_ -653.08 mis (16/2) + PPy, :652.11 mis _ + PP
) * cpf %0 12| = cp » » CcP
,E 700 = 1 : e g 700 || © SupportVector
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@ L -] = @ ]
- m L E 0.6 ;;:-" - » o ]
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E %m. .......................... ¥ E (5]
7] 0.2 0 +0
640 640
0
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Charge (g) Strike Velocity (m/s) Charge (g)
(a) Material Type C (7 mm) results
MIL-STD-662F NIJ-0101.06 Support Vector Machine
770 P 770
—_ V,,.: 727.43 mis (1311 + PPlly  :726.6mis - + PP
_E 760 || = cp| =0 mis{ ) 1.2 * cp 50 m ‘E 760 s CP
— 1 = =] — © Support Vector
g‘?ﬁn gﬂﬂ Q?m V_.:726.45 mls
8 740 s - 2 740 | | "s0° F2AEM
2 2 0.6 o ] *
270 e 8 .k 2 > 730 o
R - T 04 g T
s 720 B + T 20| * -
0 0.2 7]
710 710
0 —&——+
1.62 1.64 1.66 T20 725 T30 T3i5 T40 1.62 1.64 1.66
Charge (g) Strike Velocity (m/s) Charge (g)
(b) Material Type C (8 mm) results
MIL-STD-662F NIJ-0101.06 Support Vector Machine
__760|| * PP ] + PP . — 16011 + PP
@ s cp Vgo: 71794 mis (185) |, . cp Vg, 716.08 mis r . cp
E 750 N E 750 O Support Vector
z :
2 740 £ H £ 740
g B 0.8 E - g
H _
E 730 HE " -§ 0.6 Do E 730 o °
720 ... = : 720 o0
£ @ Q04| o : £ ©
S70| B S 70| ©
(73] 0.2 : (73] Vg, 719.75 mis
700 0 H 700
16 1.62 1.64 710 720 730 16 1.62 1.64
Charge (g) Strike Velocity (m/s) Charge (g)

(c) Material Type C (9 mm) results

Fig. 8 Ballistic limit velocity results of Type C with 7, 8,and 9 mm thickness against AK-47 7.62 mm MSC using

MIL, NIJ, and SVM methods
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