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Research Trends on the Ballistic Protection Materials and development of
Bullet-proof Helmet

Se Won Sohn*, Sung Hee Hong**

Key Words : Armour (°37}), Ballistic Protection(* %), Bullet-proof (*} &), Penetration mechanism (#% 717,

Protection ballistic limit (33 gFA))

1. M8

1A B (EE R, armour)t= YWt o T AZ.
2FTY A2TFARCIORAEZEEY AR - A
3 59 dFAFII (K kg)o) o2 W}ZH
theke 49 s9Rr)2RE BEEy] g &5
e ZEe Zele) BEAsE wEAL F
A5F77F w2 ERA gd ndldle $E9 7= .
42 & 77 oz sty 7|ge] v AE R
s weton, UEY-& Ados s¥r 5%
Qo 1 9Fo) FPovB FHE 60cm BE
FA FUFwoz g £ gt ¥ A5
o] &ad 1947l FAWEHHHLE NE 7}
FE(FHE) ) 293553, FFeF dA4go)
LA et JF@HE) ol FHS ¥ 2
Zd, ddd JA.a8e fﬁ%f‘a E¢E 5 499
%%° 3ol M= n
FuiEgs - EIEHf??J% .

CAzstn AR TRy

T RZuRE 7 A A st} gt

Tel. 02-450-3468, Fax. 02-456-3460

Email sohn@konkuk.ac.kr

saeqst, BgARe] Wwead Rold BAL Fu ATRE
S dtm k. @ #34ATEI s\Eolat,

EIIE BEFAR ol AAAMER 2olm Yt}

olg g FPAMEE 2 AHE-E 5ol whet Table |
AN} o] AFZF(ELEEH, soft armor)T FX7
(B, hard armor) 2.2 FEE 4 it}

WEH(BL#, bullet-proof) 2 F2 AT A 37y
AET A W5 E BHoz I I AREE
B3 Table 204 9} Zo] 4§, FAIEOZ B
ATt ol FolA sivh dol B¥E 287 e
Hell met ool di-gdle] ALH oz BHdstd ¢
}.

2T WE wEE BExow s wy
o FEE Az WS d3 A=
Ao et F2 AN BY AFAT
3] AgH oz AFEo g}
ERANME FHRAFEE 27FA87o A3 A
BeS T A SRSCEHEE, ballistics),
% w7} 1E(penetration mechanism), HHeksE
& w3 3 Al (protection ballistic limit), 2 EHsg
=743t7] A% n4F A A2 A (high veloc1ty
impact tester), Zt=¢| WIEA wa 3A
(protection standard) 5& 7|&3t1, dA] A&
Je LHRas fqEo AAHL 24 Qe F
A e e gig A7EES FH¥o R Ah
HaR} g,

¢

=
L =
e

ofl 4

il

Tlo o ool



DAY F A A19Q A7E

Table 1 Soft and Hard Armor

Property
Body armour .
protection
'Difficult areas'
o in vehicles to
Soft Ballistics Bullet or .
] increase
(textile Fragment .
. protection
structures) resistant vest .
against
fragments
Hard Ballistics | Helmets, Rigid Vehicles,
(rigid inserts for Shelters,
structures) vests Helicopters
2. e
21 B M=

A AHEH2 de FPAES Fig 13 2h
ARALAZT PR DERHIER, Wrought Armor)
Q) FAEUYE FUACHERMLLE R, RHA, Rolled
Homogeneous Armon)= ¥& =9 E3F dAdo|
K2 T5°] ESR(Electroslag Remelted Process) 3 o)
olsf] Azt 7ol F= AMgHTh EHAS FHA
(SHPA, Surface Hardened Plate Armor)= 74X H-E

g 2 A3 WA AR 23 AARNE F
719 RAZ Mg oY Aol FE,
HAAAgg7t & doju ZHolw R AMESA &
= Agoly. FZFZ(Cast Armor)S FEYA FF
ARG s Ho| WojA} B33 oz Az
o] golstd AL Y 5 Uv FH wFd
go] Ahggo

HAARAA d2nFS G 58T Es
o] &3l FUAAMREE Wol AMGHIL JoH,
1940017 Eweke] djg Ao AALSEOE
M= AT AlS083F 5 2 AlS4568EE ZFstA g
st} M113 APC Fzbafol AM&3tgien, Az
(AP, Armor Piercing) WZ 8024 EAEs} 75
3 Al 7049852 MS551 Sheridan A:x}2] <] 53 =)
2 ALt e uAdzt Ay s
gakoll di$-5k7] flsle wEE Fotke 7184
Aol 875z o] Al vEFH g5 FAAME
7129 Al5083 2 Al7039%E B} weEAjo] &
AsEs WAl &840 ¥ 4% A Al AR
22l A12519%r= 3 A170178H= 0] AgEo] 7|&9
ARABIY 1999374 FE A= GAle AUk

197430 L0 2 vl FHAEA Aile]
NZHE Elolely aAlE S £97 R 494
714 2 WA e] §3ith

)

Table 2 Application group of ballistic protection

Target group Civil

Police Military

VIP-cars, Vehicle for

Application transporting money, door

Body protection
(vests and helmets),
armored vehicles,

body protection,
vehicle protection,
ship protection,

classes Rules

protection armored compartment for| )
aircraft protection
guards
Special standards for
Test Standard Protection Technical standards direct shooting,
DIN 52290 &

for vests military standard for

fragments

Type of exposure bullets, fragments

mainly bullets mainly fragments
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Metallic

Armor

1

1

Fabric armor

Armor

Fibrous }

Felt

Fabric
Laminates

Non-Metallic ’~—

Polycarbonate

Transparent

Armor

{

Glass Polycarbonate
Composite

ADB85(AI120385%)
+ Al Alloy

Boron Carbide
+ Al Alioy

Ceramic

Armor

Silicon Carbide
+ Al Alloy

—

Beryllium Oxide
+ Al Alloy

Fig. 1 Classification of Armor materials

Homogenous
Wrought Plate
Ferrous
Face—Hardened
Cast Plate
— Aluminum
{ Non-Ferrous '— Magnesium
= Titanium
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EAEH, ARAgEE Agd9(ALO; SIC 5)°l
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Fig. 2 Schematic diagram of pilot's seat armor in

helicopter
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29 B, 74 - AF YA
-Er F7h EdiHol Jta
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Table 3 Typical causes of military casualties in
general warfare

element Ratio(%)
Fragments 59
Bullets 19
etc 22

Table 4 Exposure to Fragments in 135mm L5Al
artillery grenade

Fragment Weight(g) Ratio(%)
0.1~1.0 77
1.0~10.0 21
10.0~140.0 2
olelg ALBPe) SERTo] T APEA
£S AR, Table 59 Zo| I &£x7}

1

o] 90%71 9
—rﬁﬁ*‘ﬂl =

530m/s oG YE &

530m/s °) HE A

S g F Yoy o2 §

o] FA 1.0g, B}HY &=
At

A
P°=1

Table 5 Lethal injury ratio by fragment velocity

cumulative lethal inju
fragment velocity(m/s) " ratio(%) d
50 ~ 380 50
50 T 450 75

4. &7|F(Penetration Mechanism)

4.1 H{HE 2HHY

ZF78 vWd @A BB 8O =354 Ha #
HEA) B FFEB)S 3t/ 8o old &9
Y gho] AAE FFFe] glo] o &l Eoj9
e FHE TaH, BF5L o] ARES ¢
a3 SH JHE Tt

FAZE GRS ZA] Fo] HW
Gl(rod)7t #E8HA Retn @A vE"} SRS
o) EAes= 33 B = (failure mode)=E, Fig. 33
Zol 8148 Ao R4 R HAe = B
(bulge) B3 EX AW Fgol slN BAH
oz HE WU A7l 2 B(dish) @4to] Uth.

Zi(rod)®] EBFEAEEE HAW FUMA7E Hx
o B4¥ER dojurtr UFels AW
dojutn HFHoZE w7t AT

B FAE FH M7 223 029
e 44 Badn we S ol gow
A g89 AFoe $Ax7 BARE B B

o7} && Y (crater)o] YA FL,
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Fig. 3 Bulging and Dishing
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g@2re] &5, AT F7 2 BAZ A wet
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A AW 7723 B}AE Fo dEnvol
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4.2 13} HAK(Fracture mode)

FAZE kAW T FAY BAHFo] &4HABF
g F2 A5 EAZA, FEx Y ¢ A
Zxo] AA FFL growA gast AT,

o] 7% Fig. 494 B vio} o] HEx o o5
W2 dojut= 4% 1) (compression fracture), WH7
Hhgko] vALE 13 (radial fracture), =2t 33 (spal),
=2] 1} 4 (scabbing), &2 I(plug), T T2 A
FHo e TU(petalling), A4 TH FF(ductile
hole enlargement) 2 FHAANEQ 7o HAs=
A 4 3} (fragmentation) = 7] W& ST},

27158 g FHAe FIFI dEFH

0 , (ultimate compressive stress)2.0F & 33 37}
B AEE o FAEd, AEY EHB(ow
density target)oll A} Ay SHrh. 9o stalE <l

12

77 4E2A=RT 88 2 A 2] (ceramic)
AT EAPAAN AT 24P E 279
&7t 2H5E FAAHANA wAlHo] k& sl
VAR vtAEA SHe FHOE AT AT
H S Z(tensile failure mode)?} FAIE o] w30,
ol BRI BHA Ztdte Aol Uiy
Ay gy,

@A g = 2o vl @4t 24
9 B dHELo 2 A8ty FHA(isotopic) S
A3FAY £ A5 HHdo] YA X F
Soll FEHoR 27+E YA o] HARYoR F
oAAUrtE Aotk FEaw HAEEHo sty
g7t dojut= Aoz wxte] 3w Ao 7
719 &Y g7t B2 A FHITHoR
WA 7be Rofd)

AT W ofste] AT EL& &+
o7 HAWA Rdax FL&  FPd(narrow
annulus) Woll AAF =2 FHEAH oz wyzh
A% Lo sty a2 FRAA s 7
T "ol 29 A E(stability)l= A ®rh
ol A& TR Me 37 X E (adiabatic shearing failure
mode)2t 1 g},

91 gie Fol 5T

N\
N\
\

(a) compression fracture

% 2 A} (blunt

(b) radial fracture
%.

(d) plug

.
RN\

10,

(c) spal

<~

(e) face petalling

" oLl
D.

(g) fragmentation

(f) back-up petalling

(h) ductile hole enlargement

Fig. 4 Typical Failure(Penetration) Modes of Impacted
Plates
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penetrator) 2 SFAU FHFA9] Axd wHAS
BAE o F2 A5 844559 g4z
A AL A=t gY9S AR dTp)

oA 27] $Yart Azt o wtA g5
o] QS g3t HAg}. ol FHAI}
Yoz " AP ARLFA st 2
s 3l A7 AN WsE
RAoltt. Fasas FEAY dFgoz A
BAE =¥ £22 g FAIT| A, €0 FES &
A2 S5 E E(ballistic limit)E ¢FL XA BL

eI AAZ o F2 FAsth @7l o2 AR
of wel B3 e EEdA4E US AX AR
o A= FAE do HRIY FdI
(star-shaped crack)o] WAt THFHe] w1¢do)
FAA€E

A4 33 (ductile failure)dt ZZ4odlE= Ax7)
@G FNFAY PN F2 we] WA
olelo = T &4L B2 Y ke gxby

-

MYS HAE A LA, S8 4P
9 pEEe BBTYE F2 e

5. WSPHA 53 WY

quT FAAF) AANE B3 EHAZA
28 A A2FS AU BE7 S5
L2 AR g s g3e) FFH Asld A
4ol Qo) ALgxAe| wek Fatel BEAA 2
Aol BRAT olo] Be el A AAzA
& FnAsel $54%S Brhee

A5 wsAsold el BEO Agse
A5Holw, o] AL B £F, FASE 3
5o W ggARe 44, 34 2 Ax e
A5l Wl ARAG. 2y Aoz Pzt

£ oy

o 5% dAT FEAAYE di Fge o
HE AFHoR ZHstY ol HLAZ M3 9
th Ao e AAPd FAHAYA Ao 9A
#FEeP =Y, FE FEREINI =R FESH
I 7]&S Fig. 59 #o

e Sole #Ed g AEdsd, FHY
A FFeEes Ty, 1 FHAYHORE 50% &
EY SABE L e A9 FEEEE o) &8t
1 & B 5 37 (Protection ballistic Limit) &7 3}

13

50% FES 4HAETE e A9 gAddxs
olgshe FIRE YARE( by ) WY, 2
2a 71243 dSAF deg Aoy #E A
532l W3E & S (Ballistic Efficiency) =2 u¥ s}
e ol gt
witness plate
partial partial partial
penetration| penetration : penetration E
s
b§
complete complete complete
penetration penetration o penetration N
IS oo B
o o
N -3 &
D “

{a) for army (b) for navy (c} for protection ballistic fimits

Fig. 5 Penetration mode by criteria of the army, navy
and protection ballistic limits

5.1 &S EtT 8HH|(Protection ballistic limit) &
U 50% 2™ AE SHSET

b R B34 FHPHeRM &%
Aol Fe 4dAFHAY FEAE}E
5ol FUT FAEEG% FABFTES e

FTAEE, Vo)B WIEE
limit: Vst A& e},

NS5 EFYHL
#EHAY FEHEE §
WO R Fig. 6149 2ol Ve 10%Y BEFE
7 90%2] FBAEHES 7H ZolH, Ve 90%2]
HEHET 10%9] VAFEES e

o] dAlE AR FHFH] FA Aezt
(obliquity: FZHo| A o] F3tHe] i HHx &
Aol Ao dxol g FHzre] Zhol ulste
A F& 2431 FASEE HEAFIHA &
SHES Yt et oy FEE 59 B
AP il wieA A 9 FEAZ ] 44
dojutE &2 EFEEH(ZMR: zone of
mixed results) &, SHAFE0] o= HuLE9
FE2#Eol dojvte AL Aol g o= ¥
W2 Fateol gt

EEEEHA o= AR o3t B 24

=

Tahe APy oze st dutygeoz n;
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o)(up-and-down) HH-& A}g3Fh}.

Mixed zone between C.P and P.P

- L

= 100 —
R
= R Vao
ks
]
A 80 —
C
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a -
[
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e}
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2 L
o
a

20 —
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0 ) | | ] 5 | 1 ] ! ]
400 600 800 1000 1200 1400

Impact speed (ms)

Fig. 6 Definition of Protection Ballistic Limits (Vso)

5.2 D& S A8 (High velocity impact test)

FA&£EE AA A%(ow, <30misec), IS
(high, 30-240m/sec), B X (ballistic, 240m/sec®] ), %
I Z:(hypervelocity, <15,000m/sec) S A&x 9 H7}
A AR By, ARARE 240ms o] F
off A ALY FUH T2 4HE XL HE

ofy

BE 123.12cm BoRA XA & 5
Fig. 83} #o] 1 %23 ¢ (Ballistic Screen)2
A& F thA] 9144em ol R Fe 2W @A
HE AAe F A 39 B2 A2T3E 91.44cm
oA Aol A3} 3H G AAHNA 72em
Fojd A AlgAS T, AEAHAA 152em
Folzl Ao ¢FrE AW T2 FAFA
20cm Eo{A Ao Auv]AR}(recovery box)E A X

k.

4

HIGH SPEED
CAMERA
CONTROLLER

- | FIRING CONTROL

BALLISTIC
ANALYZER
(VELOCITY)

[ {cmvem ]

T UGHT 17 LIGHT 2
a2 o

TEST BARREL

% i_GHID SHEET

200 100 60
TEST GUN
SYSTEM

360

Fig. 7 Schematics of the ballistic impact experimental
device setup for test materials

FEE& AL v BA SAA AFdE
Fig. 99} Zo] Aecrolab. Supply Co.o|A A)=3t AF
H(mount)E Ab3slx, FEL& 22Ego} AVLA
(i)Y 5.56mme] 2F FEE& A& ALgE &
A& 5.56mm ball®hS AHERHC) Fig. 103 22 v
= Hewlett PackardAle] T]X|d o225 ol o
= MV OrdanceAl9] model 4010P ZZ w18 =
(chronograph)Z AH&-3te] ©xte] &5 & FH gt

Fig. 8 Ballistic

screen



Fig. 10 Digital oscilloscope and velocity computing
chronograph

6. SHEHE Ol (Bullet-proof helmet) &M AX|

A AFNEFA B L9 (Helmet) A ZHE-
2AlE A g9 4FokE TEdE.

1. Y& A (Nylon Fiber)
U E AR+ dAFAETA
2. ot2tul= Ad-f-(Aramid Fiber)
olhElE A6+ AREYEA
3. 143% Edd A (HPPE Fiber)
: HPPE + G754
4. 4 B3] 2 (Hybrid Composite materials)
: Aramid + HPPE

o2 g Z 2t E(FRP,
Reinforced Plastic)?] #5522 A& gz} 3
ol dl3led= 1o WEFEo] uje
g2 g e &5t FHETE 19 BEAAF
g F33] gadt agEz o

o o1
A7

kl
2
flo
I
k1

15

o she) H5E FYTE St YeBY AN
ozt 948 4%S BANAT 159 VA,
Hge] BEL AFZ ALE APASS WEE A
Asreio} i ARAFL delFH ) YRAR
2 A4E71E KRPE ASldns AgaA e
Ao oA Aok

FRPO AMgte] & HAst Abgsts AS-
HEAATEE E3ohe ez g Jov L
2 5 gae S5 wAe FA ut
Az @olA Wrkest 8t Fo] oA
TR ESEYE B EAE 2

477t 288t
Zg2HE AMSstE fEAdd BEARY
GRP= 2 & g g 7HAHAME 717 A Fs}
H5AYL s o] S5t ALEad stde] #
AP HE=FHo= 9 g Ao

MEA R M E EAT GREEst b
A7) W] oletels HHE AEE o= A
%78 SehaE(AFRP)©] Bo] AbgE Zlolth,

2% AL B9, AYFIY, T
wzhsha Aol F3ol UEUAT, WIS
AN E T84 el 7g Aol & U

m
=

el e A gatdME B0y EE
4ol # ey, od Ao AfUaE 2
Z9 o]A o] BRI THY HE EAHY
E4HE F &437|7F B dEFHe v st
el 732 g

nlxjuto g m&EAX F4£9 AAFEo=
A3 ez FANUAE FFstadE, 2 F+&
£ fx3lY 8RS AL E 5 de aAd=
43 125 ARE Aste HR723 FE5FRM,

Qo x

Fiber Reinforced Metal)}S A g AHL&3= 4
T EgE gl A WgFolth

7. 24=e) -‘é,*iﬁa(Protection standard)

Atz o2 wekdele)} etz o
£ Table 6, Table 77 2 ©] H|FA(NLJ, National
Institute of Justice)?] US AL AL&3tH, §3H <
7§ Table 834 22 TYd 73& A3,
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Table 6 NIJ STANDARD-010601.01 (Helmet)

: . Minimum Velocity
Armor T Test Bullet Bullet Weight
rmor ype [+) ulle ULl €1g (i 50 ft/s)
26
22 LRHV LEAD & 320me
I (40gr.) (10501t/s)
10.2
38 RN LEAD & 259mb
(158gr.) (850£/s)
8.0
9mn FMJ £ 332mk
(124g1.) (1090ft/s)
1A
1028 381ms
357 Magnum JSP
(158gr.) (12501t/s)
8.0 358
omn FMJ & 5
i (124gr) (1175ft/s)
357 Magnum JSP 10.2g 425mfs
(158gr.) (13951t/s)
Table 7 NIJ STANDARD-010601.01 (Vest)
Armor T Test Bullet Bullet Weight Minimum  Velocity
or [ €es ullc € €1
P u & & 50 fus)
2.6g 320ms
v
1 22 LRAV LEAD (40gr.) (10501t/s)
18 RN LEAD 10.2¢ 259m
(158gr.) (850fs)
8.0g 332ms
9nm FMJ
mm (124gr.) (1090ft/s)
A
357 M ISP 10-2¢ 381ms
agnum (158gr.) (1250ft/s)
8.0g 358ms
9mm FM
mn FMJ (124gr) (1175fs)
1
357 Magnum JSP 10.2g 425mfs
(158gr.) (1395ft/s)
9nmp FMJ RN 8.0¢ 427ms
m (124r.) (1400ft/s)
1A
“ < 15.6g 427mk
aghum (240gr.) (1400f/s)
11 7.62nm NATO DMI 268 838m
e (148gr.) (27501t/s)
10.8¢ 869ms
30 calib
v 30 caliber M2 AP (166gr) (2850f/5)

16
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Table 8 CEN - European Standard (partl)

Class Weapon Calibre Ammunition Applying test conditions
type mass test striking ~ no. of striking
(@ range velocity strikes distance
{m) (m/s) (mm)
+~0.005 +/-10 +/-10
BR1 rifle 22 Ir RN/lead 26 10.00 360 3 120
hand
BR2 9mm para FJ?/RN/SC 8,0 5.00 400 3 120
gun
hand
BR3 357 magnum  FJ?)/CB/SC  10.2 5.00 430 3 120
gun
hand
BR4 44 magnum FJ* /FN/SCP 156 5.00 440 3 120
gun
BR5 rifle 556 x 45 FJ* /PB/SC 40 10.00 950 3 120
BR6 rifle 7.56 x 51 FJ/PB/SC 95 10.00 830 3 120
BR7 rifle 7.56 x 51 FJ* /PBHC 98 10.00 820 3 120
RN -Round Nose 'nominal value, tolerance +/-0.1g
FN -Flat Nose 'Full Steel Jacket (Tombak Plated)
CB -Coned Bullet ' Full Steel Jacket
SC -Soft Core with Lead ' Full Tombak Jacket
SCP -Soft Core with Lead and Steel Penetration(type SS109)
PB -Pointed Bullet
HC -Steel Hard Core,mass' -3.8, hardness more than 63 HRC
FJ —-Full Metal Jacket Bullet
Class Weapon Calibre Ammunition Applying test conditions
type mass' test striking no.of striking
(9) range  velocity stikes  distance
(m) {m/s) (mm)
+/-0.005 +/-10 +/-10
solid lead
SG1 shot gun cal.12/70 ug? 31.0 10.00 420 1
slug
solid lead '
SG2 shot gun cal.12/70 UG 310 10.00 420 3 125
slug

'normal value, tolerance +/-0.1g
Zprenneke
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