52 B Ab fE

g

Holwsg el Jese

Zurphstel 74
o = o o o = A S
STY, FHY WEH, S5H

Qo

3o Hely, e 2E A B4 2 A AAG WERe) ) LAFES B4, Hely
A% A hg P22 Y] 9do] AAH P58
3 gERe Al 298 AP Huel wet YEYSS RYHES
WA BB W 2S4S FAAAC Btk B3] T ol B3 W Bl §
YEES B W 5 U wetstolol Fth olsh W WYEIEAY

N
24
2o

ABSTRACT

This paper is for the state of the art of the lightweight protective clothing against the mine, and it covers
the preliminary work focused on the appropriate protection, ballistics, convenience, and wearability. It is
suggested that the lightweight protective clothing should be fabricated with the laminated materials of high
strength woven and non-woven fabrics to reduce the weight and thickness, thus improving the wearability. And
partial reinforcement of the protective clothing is necessary to prevent the mortal wound near the important
parts of the body without disturbing the arbitrary activity. The composition of the protective clothing should be
designed in consideration of easy putting-on and taking-off in addition to easy divesture, which require little
motion of the body is in case of serious injury.

Additionally, status of the practical technique for high performance and ultra-light hybrid armor material were
also described.
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Table 1 NIJ-STD-SPEC] 2j3t Wretddl 9 wetdo] wrs7|E

B 22 LRV Lesad 26/ 40 . 1,050
38 Special AN Load 10.2 / 158 5 1.025
amm i B/ 124 1.090 1.120
LEVEL 1A | 357 Magnum JSP 0.2/ 158 1.250
.40 Calber FMJ 1.7/ 180 1.055
v g | S P 8/124 1175 1.205
357 Magnum 5P 10,2 / 156 1,396 1.430
mm FM 8.0/ 124 1.430
LEVEL MA 1 44 Magnum 57 15,55 / 240 - 1,430
LEVEL ml 7.62mm NATO FMJ 9.7/ 150 - 2,780
LEVEL IV | 30-06 AP 10.6/ 166 2,880

*HI-ST0, 0106.01 ~Balistic Helmets”
*NLI-STD, 0101.04 ~Balistic Aesistance of Personal Body Armonr
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g ngﬂ WoES AR sheled, 1 o1& Fig. 13
of =AISFHIL, Fig. 4oz sholHI= EdARE o]&7t W
el 7H‘ﬂ£_r/\l a8 & AAAE FAE ZASHH

2|2 ZFH Ao A= Aehss8-A|(STF:shear thickening fluid)
o] st 5445 o83t *‘7HL"94 254 oJuAETA &
e AR A ALE sk qich

o]zt Ao HH%‘OH% AT FAF SHelA AAd
o] WsAgEA 7|Z£2] hard body armor7} o soft body
armor®] YEo =z o|E2u} el HAYTAFE(LBA, liquid body
armor)ofl thgt Thio] oAl Q= FAlelH 1] IS F
Aoz 3 7|2 A7t A= 3 Qi) LBAS] tjF el Bof
2 A Al 7R RS = gled Adsdt fA(shear
thickening fluid, STF), ®}7]-4-¥ -5-A(magneto rheological fluid,
MRF), A7]-4H 4% S = 4
sl o BUES WA 9 o] g *JﬂMIHL A4

FoR EAste] FEe BE4E BAT - gl wE f94
S ZEa o), A, A7, A7 5 AR l A A=l 7t
HAE PAo] a7t oz Hste] AmR|= EAo] Q). o]
A efFo] AAHY AR &ds] BEsHA He 7y
<l HP%OM ERFUr £3 MRFQJ S St B Hole

Bingham (Newtonian with yield stress)

Bingham Plastic
(shear-thinning with yield stress)

Shear Stress, T

Shear Thinning (Preudoplastic)
Newtonian

y Shear Thickening (Dilataat)

-

Shear Rate, y
Fig. 15 f% §%9 Q%=

equilibrium shear thinning
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e A 52 2T o, STR= WEE AA Ereo §42¢0l
A ol %73 Ao el oJgt s 7)HE TR ER
Hdsits Aol 44 4= 9l
i) 21*1]7] NAATEA A2} JJr Asto] Akssl {AI(STF)
¢l WE ol $-§3l7] 3t It v ST (ARL)2
Holthsl Wagnerii=2] AgtdEo] $4ol Hof 7|2d+

o}gaour OV—W}XI AR AAESte] tisiM= G
AAIES At AR dE7l vt gls A
oFA7}R] STF| % Za Lot Feet WlAUS Fgol F
’—'TOPIL 7158 fA8E R
A7 = A7 ol =S %ﬁﬂi =L QUek

A AIAR SR 7P gl AFEAL Qs FHE Hofz
= IEA FHst) il Ak EAHAE & & ¢
(suspension) 4= HAFE] AR} A= A4 Sufol ulA|
g JR7F BAE ] Qs AeR, HRIE, =, Fol ZPA, 3
AE AR Foll sl o] 8= Qick ol=dt fAl=
1 B/ whet Ak&o] wstef dAIgle] ARt HES Kol
+= 8 A (newtonian fluid)e} A&7t WE o) Hew g
7l Wal= v]FE -G-Al(non-newtonian fluid)= e ch

Fig. 16= §% 39 Qof:E Adslt Aog fjrio] 11
ax} S8A G AAEE Z7to] et Ywsh Ak A
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AP Z7kske Aekset A dovli ulkE fRlolct.
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Swengthening
(Hardering)

Fig. 17 83AI9) 24A AdEsh-Adkss-dddsio] gt 2A=

Cemgosiia
Armer

N

N

E==——"————Inpact shock
Y
_—/ \\-— .
— =————= Double shearing
Y c .
ompressive
__—_J,u \=—— Single shearing shearing
(in)
Y
=—= /~=—=—— Single shearin
= L (out}
Y

Cavity expansion
inertia force

e Stretching/bulging
-tensile failure

Fig. 18 #ZEA3Y 7]

o3t Athss}t AARS “dilatancy’ 2t dhi=t], o] MG
71%1gte} o3t H® F7FELE B 9df ob 23 ¢
AR FAE W E(cluster)o] FAol 7|k Aom &
94 qlom the aYAE ABLEsL Z7Rd tet 27]
o= F21& el HH FLZ(ordered closed-packing phase)7} &4
o] AUFEE Aot} o 5F oj4e] AuLEo| of
o §-A%52s2 3] (hydrodynamic force)oll oJ8f AT =
dlojojzhe] uhiele Fusil $719 AERGo| F7I5
olefat FH A HATE/ HYHORH 0|2 3 M=
F243] F718= A Fig. 160f mA]3lste] Hoj3a Qlrt.

N2 rlo

-Fig- 19 é‘ﬂlﬁf} E3A9 gEEost o3 #HFEA

onolithic: composite armor fragmentation
protection Wa0 Ballistic Limits

:5 .30 Cal. F5P(44 Grain)
Spectra shiel

WA 2
f% .___-—;;'/ g‘—‘Z“GIass
15 20 25 30 35 40 45 5055
3 Areal density, lbs/ft"2

Fig. 20 W= V50(ballistic limit, FEFALE) Hole] Y S-&A.

T3} Fig. 179 Aehda-Aek-ssh-Augsto] g mA=2
HE] ghEA 437t ok aggregate FE|E ZAIS= XS Ab
|519E W= upRriR| o] dao] dojd 4= S & = UL
H E5 AdEst 9 o] MejoAe EoA] AdEst o
do| EAsttH= AL BojFt

et Aest A4S S0 AARE o A= Soprt
o] o)

YAt A e Epa

A 1) BelogUMAE ofetul=A HRuct g

et ol $4ata, Hold ek Ayw glov,

dregE 2 HBGeol] ot $4540] b Afuct U
Lz

5] $eick. Wakstoha

efstu, ® o9 7hg7) wsol skel-olebul= 4ge} hybrid(sh
olHelE)gozA Wetee] FAE Zolid wukdol)
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CHRONOBRAPH WITNESS
SUPPORT
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TEST g
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0.5mm 2024T3
"_"'_- o ALLUMINUM)
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SPECIMEN
0.5 M
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B} 22 QABEES 2k Ago] ofgiAn, wrebd ol

o Axd YERE ool BES) IR ek U 3l
A

A8 ik gﬂﬂ, o ATIES 25 4
2 ZolA)7] J7kA] Algo] ot U] ofelg ol
ol Fere] LEoA7L dolt AN R HekElo] W
3} Aol7| wjo|ck. }dlzzﬂ =0 BB 7+
£ Afe A7) ol fw, webd HES AgAlE o B
< A7k ﬂ?ﬂoi Y 32 5 OHHXV} BolA7] A Aol
Al 91 ouA= ek 4= Sl
Tl Aol &Ko w FESHH A sty shis B4 H
<l olul M Alele] Ate 3] wige I Eold
A GodAIZ Agke. Ak Zgho] o 245 ol2gt ﬁfé}e"
< 3 ) 875 ouAle goAL, 2ER o §
YA QAR Adghd Aotk 7|4 Fea 2
A= g2 d8 54 Al - A mAY EP%
= Az #EE e Qloh
olgt Uﬂﬂ‘% & skl Fig. 180 & = Al AH9
o3 WAYESS EABISICE & o2 2 il e Bt
2] mhH = oJeH(FSP:fragment simulation projectile)ol] 2]t ¥+&
AR Fig. 190 A3 oH, o]of tfjst W= Vso(ballistic
limit, Y5 3tA&E) dHoly 2 -3-8ARE Fig. 200 AA Sk

r]o

L J]-> Ho

3.3 WoH AlggEI}

ulsH 2] A|Er (FSP:fragment simulating projectile)-2 7i<1-8-
A2k A7) L AEAE 4] BEAFYE B

Level 1I-A

.22 Magnum 40gr. JHP(1209FPS/369MPS)

.32 ACP 60gr.Silvertip JHP(936FPS/285MPS)
.380 ACP 95gr. FMC(902FPS/275MPS)

.38 Special 125gr. Nyclad SWHP(1009FPS/308MPS)
.38 Special +P 110gr. JHP(1049FPS/320MPS)
.38 Special +P 140gr. JHP(869FPS/265MPS)
.9mm 124gr. FMC(1173FPS/358MPS) *

.9mm 125gr. JSP(1121FPS/342MPS)

.9mm 147gr. Black Talon(1010FPS/308MPS)
10 .9mm 147gr. Golden Saber(1083FPS/330MPS)
11 .9mm 147gr. Hydra Sock(1011FPS/308MPS) *
12 .357 Magnum 158gr. JSP(1308FPS/399MPS)
13 .357 Magnum 110gr. JHP(1292FPS/394MPS)
14 .357 Magnum 125gr.

15 .40Caliber 180gr. FMJTC(992FPS/302MPS)
16 .40Caliber 170gr. FMJTC(1095FPS/334MPS)
17 .10mm 155gr. FMJTC(1024FPS/312MPS)

18 .10mm 170gr. FMJTC(1137FPS/347MPS)

19 .41Magnum 210gr. LSWC(1141FPS/348MPS)
20 .41Magnum 240gr. LFP(1017FPS/310MPS)
21 .45 Long Colt 250gr. LRN(778FPS/237MPS)
22 .45 ACP 230gr. FMJ(826FPS/252MPS)

23 .12ga. 00 Buck (9 pellet)(1063FPS/324MPS)

O©CO~NOOUTDS WN

Level Il

24 .9mm 124g FMJ(1215FPS/370MPS) *

25 .9mm 115g Silvertip JHP(1252FPS/382MPS)

26 .9mm 124g Starfire JHP(1174FPS/358MPS)

27 .357 Magnum 158gr. JSP(1453FPS/443MPS) *

28 .357 Magnum 145gr. Silvertip JHP(1371FPS/418MPS)
29 .357 Magnum 125gr. JHP(1428FPS/435MPS)

30 .10mm 175gr. Silvertip JHP(1246FPS/380MPS)

31 .41 Magnum 210gr. JHP(1322FPS/403MPS)

32 .44 Magnum 240gr. SJHP1270FPS/438MPS)

Level IlI-A

33 .9mm 124g FMJ(1440FPS/439MPS) *

34 .9mm 1159 FMJ Israeil(1499FPS/457MPS)

35 .9mm 123g FMJ Geco(1372FPS/418MPS)

36 .9mm 124g FMJ Calbim(1259FPS/384MPS)

37 .44 Magnum 240gr. LSWC(1448FPS/441MPS) *
38 .44 Magnum 240gr. HSP(1320FPS/402MPS)

39 .12ga.l.0z Rifled Slug(1290FPS/393MPS) A

40 .12ga.l.0z Rifled Slug(1254FPS/382MPS) A

* NN certification round
A when used in concert with the NFCAS sternum plate

Fig. 22 $I¥0] 2 =R 25
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Melg zre] ekAlEel AT gich FSPE caliber 22
(5.56mm), caliber 30(7.62mm), caliber 50(12.7mm) % 20mm
oz BRdL.

MIL-STD-662F 2 Ajo] oJshd HlghEo] el A)5-2 caliber
22(1.19)¢] uhH mojgro g wol A AAE AMESto] WHdH
SEVa)2 SR o, Faw YY) AL )
Ao THE U 2k ool ue
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