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# # 5970469421 : MAJOR DEFENSE ENGINEERING AND TECHNOLOGY

KEYWORD: Bulletproof Vest, Armor Plate, Composite Material, Carbon-fibre Sheet, X-Ray
Film
Attavut Plasin

DESIGN AND DEVELOPMENT OF PROTECTIVE ARMOR FOR BULLETPROOF VEST USING
METAL PLATE, CARBON FIBER COMPOSITE AND REUSED X-RAY FILMS. Advisor: Assoc.
Prof. Seksak Asavavisithchai, Ph.D. Co-advisor: Asst. Prof. Niphon Wansophark,
D.Eng.,Col. Asst. Prof. Nuthaporn Nuttayasakul, Ph.D.

The present research work aims to design and manufacture the ballistic armor
plates for bulletproof vests, produced using composite materials as stainless steel plate,
carbon fiber sheets and reused X-ray films. All three materials were bonded with epoxy resin.
The armor plates were tested against NIJ-Type lIA threats, using NIJ 0101.04 ballistic test
standard. The effects of the thicknesses of X-ray films and carbon fiber sheets, the weight of
armor plates, and the arrangement of material layers on the penetration prevention of
ammunition have been studied through the analysis of damage characteristics on the armor
plates. The results of the width and depth on damaged armor surface, and the fracture of
armor plates, due to the impact of ammunition, were comparatively examined with the real
ammunition and finite element method. It was found that the armor, with the total weight of
2 kg, can resist against the 9 mm FMJ RN projectile at a speed of 341 m/s. It can stop the high-
speed shells and fracture the bullets at the front SS plate, without damage to the rear plates.
The back face signature (BFS), which is the collapsing depth of the rear plate materials,
compared to the NU0101.04 standard, level 2A for making bulletproof vests, was
approximately 8.2 mm, within the standard level. (the collapsed distance must not exceed 44
mm). In the present study, it was found that the best armor plate condition composed of a
stainless steel plate, carbon fiber films of 10 sheets and X-ray film of 20 sheets. The
measurement of damage width on the front plate showed very similar resulted in the actual
test and in the simulation, using finite element method. The measurement of the collapse of

the front and rear plate also yielded similar results with only 3% error.

Field of Study: Defense Engineering and Student's Signature .......cccoecevieeinnen.
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Academic Year: 2018 Advisor's Signature ..........cccoeveveercenn.
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DuPont Kevlar XP consistently stops bullets

within the first three layers of a vest
designed with a total of 11 layers.
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M151991 2.1 WAAINITIHUNTEAUTVBINITEMAAOU MIUNINTFIUY NIJO101.04 [11]

11

Armor Type | Test Round Test Bullet Bullet weight | Reference Velocity
(£30+t/s)

1 .22 caliber LR 2649 329 m/s
LRN 40 gr. (1080 ft/s)

1 2 .380 ACP 6.29 322 m/s
FMJ RN 95 gr. (1055 ft/s)

1 9 mm 8.0g 341 m/s
FMJ RN 124 gr. (1120 ft/s)

2A 2 40 S&W 117 g 322 m/s
FMJ 180 gr. (1055 ft/s)

1 9 mm 8.0g 367 m/s
FMJ RN 124 gr. (1205 ft/s)

2 2 357 Mag 10.2g 436 m/s
JSP 158 gr (1430 ft/s)

1 9 mm 8.2¢g 436 m/s
FMJ RN 124 gr. (1430 ft/s)

3A 2 44 Mag 15.6 g 436 m/s
JHP 240 gr. (1430 ft/s)

3 1 7.62 mm NATO 969 838 m/s
FMJ 148 gr. (2780 ft/s)

4 1 .30 caliber 10.8 g 869 m/s
M2 AP 166 gr. (2880 ft/s)

piatianiulumngg

AP : Armor Piercing

JSP : Jacket soft point

FMJ : Full Metal Jacketed

LRHV : Long Rifle High Velocity
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2.1.4.2 Lﬂ%qﬁ@LL@zQﬂmnIzﬁqw?uwmmu
lumsmageuBsduanudeinss VLéiﬁﬁmiﬁmﬁl{iqﬂmmimummﬂm NIJ 0101.04 A3
wamslugl? 2.7
1. anqstluiilivagey (Test Barrel)
2. Lﬂ%ﬁ@ﬂqmﬁfmizqu (Chronograph)

3. nIzuLddnnu (Backing Material Fixture)

‘v—* *-:’C.:M Backing Material Fixture

\nrjf Pangl
Line af Flight

— Stop Trigger (1 & 2)

A 5 mfor Type | 1-A, 11
and lll-A arrmars; 15 m
for Type Ul and 1V armaors

. ¢ Chronograph 2 B- 2 m minirmum for Type |, 1A,
¥ Chronograph 1 11, and 1il-& armaoes; 12 m minimum
for Type |1l and IV armors

G - Approximalely 1.5+ 6 mm

JUN 2.7 in3eailouargunsalinsvaaeumuann gy NIJ - 0101.04 [11]
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g A P
LINAAUAN N19AA (Impulse) AMNANNITN 3 %1@%

F=2
=, |[4&
dP = Fdt (6)

0 < = o A o 4
N1N1T Integrate waqmuﬂ@ﬂuuﬂmiuLuummmmmﬂmemm:mm@wmm‘lu

| = o ¥ 1 o Ay A ! o ¥ =
GRS NIURA AN TH LN UAN BN AR P, NIAN t, LL@W’]’]TNLNHMNQ@VHE%@Q p, N

a1 t, azlian

AP =P, =P, = fttlz Fdt (7)

BununefuaanAanisaanInd inanndnsfunesuss F ludoanan At = t, — ty

va A
@31®uﬁlﬁﬁ~lﬂ’]?®@ﬂ‘ﬂ

I=["Fdt (8)

luifaz@auwnudyansnl [ defianudinisddswudasaesduuusumaniagiaaians

TaanAndanss (F) waauaasldilue1aed waazuwlsduiuman Aduisasiiansn

1%

TR)
IWaANNAZAINITIATHENNLILRAY (a time — average force) 11
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F—At ‘s Fdt (9)

2.2.2. ﬂ%“ﬁuﬁu“ﬂ’ﬂ\?'ﬂi‘}ﬂ’]ﬁ

v
o o

nsruivaesayn AR ENIRNIIaeaanusINseyinteiuuaz iUt
o o qu a P o Aa <& P
wandu P linAnusanaszudeiuuaziulngussnamiiniuilaziauinluainduss
2 o gw o o a = @ v s
nauandann e nnIAiedesTuin. farsanaynianda m,, m, daudsudy vq;
Vo AINAIALAzIiALINIyiNFaiu annguetiafiaesh 3 azléidnl13]

WP 1 NFENFD 2 = WS 2 NITNFA 1

FIZ = _F21
MUz p—MaVap  —Mq ¥y ptmy ¥y
oA At B
mqvq; + myVUy = mlvlf + mzvzf (’]O)

A1naNn1g (10) Welilusedngla aanatauendinuinszinduszuy Tsudnresszuy
noutu Az AN AU TN BANI899 2 ULINAIEY B8N N19aUFNHIHINUEN
(Conservation of momentum)

Tunnsruiuaeseyniesadngla@inisoutisifiesnidu 2 uuulnenfsauinauann

o

AN UAataeeing GringauudaliinisgnRandsuamt nanake naNuAatineuTw

q

UWASMAIIUYINTL T8N N1eTuRLILE AU (Elastic collision) Adgii 2.8

Before collision After collision
N v” "2:‘ V]./' : V._)’
| M) — mo - — ( :

(a) (b)

JUN 2.8 amuansn1svuiuluuganguseninedng 2 Julu 1 87 (a) feuwu  (b) naswy

—

14]

Tunsairunuutiangu lnatualidngisaesfioudueg m,, m, AMNEWBY v, , v,

Q

wazAMEIane v, , v, ArtianiseuinE i uan uasnasuaad muannish 11
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MUy + MpVyi = MUy + MyVyp
1 - 2 1 -~ 2 _ 1 - 2 1 ~ 2
Emﬂ]u‘ +5m2v2i —Emlvlf +5m2v2f

(11)

Wi finasIuanduavTuiiasndineusuarandinisauuuuldianguanysnl

o

(Perfectly Inelastic collision) A3311#1 2.9 Asannish 12

Before collision After collision

Vr
my + moy

(a) (b)

JUN 2.9 amuansnisvuiuwuuliiganguanysalssningdng 2 ulu 1 47

(a) NAUTLU (b) VAT [14]

MUy + MUy = MqVyp + MpVyf

1 - 2 1 - 2 1 - 2 1 -~ 2
Emlvli +5m2v2i >Em1v1f +Em2v2f
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2.2.3 AYNNANIUBINIINIENL (Impact Depth)
TunnslsznnAtAnanaeianfunszquUasaINnlens raenszgunnadinnn
AoaAnuEage aunsnldudnnisilssui At el AuguTuANANTBINNTANNIEN
(Newton’s Approximation For The Impact Depth) Taeldunanaumn Faenisnnelau
o p - i o s 4 o
WANNUAANBINTEAY (Kinetic Energy) Navtenzidinunfneannuiiage ianszunnlu
Fanulmunaaginlinsequiianisdagd danaliifasesuanuuiadunuiaziiailusvey

9a8ANAW AININT 2.10 TnaH A TNANAUEALAMNNUILUBIAINTLAUUAZINII QU [12]

FAANNNTN 13

(13)

e D A8 3¥ETANANIAINIINEQNZAN (Penetration Depth)
L A8 AINNEINTIDNNTEAU (Projectile Length)
A A mqwmmmmmz@u (Density Of Projectile Material)

B A8 Anumuuiuaesdaniunie (Density Of Target Material)

Projectile
material with Projectile
density A length L

Projectile

v Velocity V
Target
material with
density B

s

3

g

5

[=]

g

=2

o

JUT 2.10 nnuansszuzsoednvasiandmunenuznziianseauainusags [12]
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224 wLRLIANNL (Frictional Force)

% <

IHBUNWININZYNLENEAIENIEQUAIIANNITIZS MINANANTUNNHIANTAATIN

2

Ta
1 a 1 a d” dldl a o o I
ﬂ’]‘j‘ﬂZVIZ’QZZW‘LI'J’]LﬂﬂLL?QG]’N"']LﬂﬂslIu RN uRodudanuazutvaanitdy 2 dezinm

k2

18uA wanm (Pressure Force) WA B3aLA8ANIL (Frictional Force) Imssaiiinlusanany
ArAN1TN7ANENAIN W UA N U ALAN AN UALNALITI WANIUNINATUIINLINARUAY

gl lunnsulasugiaeueiuiag luiBualndnasiunssquilu Gawaanniaasughiu

W1anANTaunindu taevialilazadngmuundlsyunn 100 asA LA @A 15]

U

2.2.4.1 AMNSAUITNINNTURY (Temperature of Interface)

1 v

uasaInnIsdenziuszndienszqunnensadnlddsdueu aziin

o U dl o ¥ dl
W@QQWH@QWN?@M"N@’]N%@ﬂ']uqmvl,ﬂ"]']ﬂ@llﬂq?ﬂ 14

1
Vs =
AT = (—)z2 - (14)
(naC f
e AT Aa AR5 UIANTUTITUNANIAINWIAHANIUITUINRIFN A
VoOAD AINIEITENNITAU
=
AR ITEIENg
0 fAe  AINITEIANNEEUTRIIAN
A 1 % 1 dl 1 o
C AR AIANgAINTAURENTIILNLI BNIATIA9IAR

= . = = C P
f AR ANANNYBANLINLAEANIUADVUIUUIL NN
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2242 ANNABIRLAN (Frictional Stress)

Waguuuglaesnuialndhasiuguugilunisuaaninan (Melting

v
= o

Temperature) az@9ua MHALTIALANIUARNTMUN NN aRae N1 A u R an1w v

' !
o o =

aun9nlszinnslAannNnIIaseaNAANANNUIE TN U RN AUNAS I uARaUN U [15] A

ANn13N 15
oc L
= 2(—)z- AT 15
f=27) (15)
225 nuduarnisianziinludiafimus (Finite Element Method)

ATz i s e s (Finite Element Analysis : FEA) 1113801531824

N19AALAUBITAITAANHNANIAINKIINTERFN97 Ine lETEn suAdyniTediaiae 1

q

Joyvniediunadianizesuds n1930aadusnNIznINNsadan N19nNsea8faniIaAIy

v o a k% d’ v v a o Aa

501 NM9AN807ANNNIT InaTesaInA Luku Geasfiesldannimiatinaaniidang 10

doelunisufityuinissauauesnisiiunianingesdian Twilaqiii nsmaei i lufied
o= dll A dl o 2 a o % a e a g dl

wuAnadlurresend1Any lun1s99en19AUANeIAIA R TLATIAINTINANART LIa9aN

ANNNTONUNLLAZALATIZU AN LEEI‘W’IEI LAZNN9ARLAURLTINATAITUINUNNE LFLTINTZNN

ya o A a

mmﬁﬁmumquﬁqmm WAL mwLﬂ?‘ﬂmmm%umuﬁqﬁﬂmwmumm@mu@q FINNAUBN

u

v
1% o o 1

Japnln&iasamnuiiuazanda azaunsnldisnisanassiinaununaaauase anviedeag

anfnlEanelunnamaaee Azl 2.11
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3.3x107 % s

SUN 2.11 Aeeg19n15unganains i ludLo aiuAunIAsIziAuEs g

Y
(%

Fununsgladmiuiunsegul16]

2.2.5.1 Anmdisnziwuusnaasinlufefmudutsdunaundneandy 3 Funaul16]
1. nanuatlymianizianzas Usenauliléng 3 dunautaspn
- NMINMUAFLINNIUIAIATIR (Geometry) Hlun1INmUATUIAU 90
Tuaun i lun1maaay
- NINIUUARANANLANINNILAIN (Physical Properties) 1un13ldRnan1im
RN
VATUUTAAN LT LN1TnaaaL
- 119ldusan3enn (Loads) ABLTINNIZNIABTLINL
2. natlendieyaingllsunsn Ndunaudan
- NN943191% (Mesh Generation) DatuisNA A NA Aty Nge unisuils
| Qy [ 1 v le 1 [~3 % o =] K 1
sUsresTuauAna iidududiuian lnafiesailanegsauay
. dos
ANHOUZARNIUN 1 N3N AZaL
-N1IAUUARAMANTFENINN18AIW (Physical Properties) Llun13lddaya
AruantTvrasiuuiagn i lunimesauaslullsunsuinldlunisAiuan
- NNTANUATALLLA (Boundary Condition) untsiavunaninzaauian i
NN9TABALAUDIADLIINTTANTLUT UL
3. N1TLAMINEA (Process Output) 11N195189NUHANITATUITURINNNT

AAzinng W lusiaaiuus
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A 4 A o dl 1
- ﬂ%‘LZ‘lﬂﬂﬂﬁ‘f‘.ﬁLﬂVI‘H’ﬂ\ﬂl@H@ Wunisirenuansianisaaasnignanla 1u

ANNHLAL AN HLATEATBITAR AYINIULINTBNANNIAL MBI TBITWINU LY

[ %

40

v b4 dld o o o o
- NNTATINLVRHANNAMNANNUWINY

U

- LAANNARENN AN NTNNLAZYNAY]A

2252, 2i81As W lusa AN

n1sAzitly s naAanssn fiaesia s i ludie Amuslaavialy

sznay lUfae 6 Tuneu Aati[17]

1. nsudalamuaesdoymesnidueamudtes Wuntsudalawy

]
=K 1

. dI aa a & aa A
(Domain) lunileliAeaniduiefinusuuuniladftas ] w3
wialanuglinedudenluaesdineentduedinuszdisrnaiin

(Geometry) Willpuwanzausatlym Aanani 2.12

One-dimensional elements

_’ ‘
.\‘T
Triangular
elements
Rectangular
elements
I .\'

'
a vy

JUN 2.12 Megrauvdmiulawuluniisdifuazasdinnienisldoduudfiaiaiu(17]
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A Y oA a o
2.N19188n MminLa A LN A

Tunsaaazdlymisae i lufiedwudatunsoutaedwud ldinanawuy

panan Nl nuazglinaniiaeit nanenldninvesiefimusin ldmunzanduilomun

vathifiasannisdenldninrecedmus asinanssnusanati 1 lunisaieuULans
31979 (CAD Model) wunanaasInlusioaiuus (Finite element model) 1aanlunnsauang
(Solving time) taa1lun1sua M9 a (Post processing time) U3n1asnneld OEVETR
WUIAIINA141984 (Disk usage for solving) wagiidagAINatuan (Memory usage for
solving) seameasnanfinelnaialUrintee g uiaunsauteanid 3 guluuuléun

AU 1 AR, 19ANUFA I 2 RA way AWl 3 A5 G9lnsaziasnmaii[18]

| '
ol A

AU Y 1 85 Wulefwudnigluundnangn Tu 1 wawus Inaninsn

u

v

sznaufiog 2 qasia (Node) lausaiatmuzdmiuubilymauiiulaseadeisey

o

1 ' 1
= o = a a

a1 Nngsmuuwanazianssiuview AnantRwNAND A wua liAURE U6
v |dl”all v 3 QQI o v v A a & a d”d Dd’ldl | o
MHuniunuindneesdueu duiudenveedwuiainiae nisldillenvesmiseninue
= < v A = ¥ o ' o ! Y o o 1% ' 1
Wwesidnties MWnanlunswisandeyauaznisiuanlaininin doudedninliuwn Aoy
anasLTnuasereddaseainuarliaiouaninInIzatefinresnINALLEIIMqAse

1A[18] AsgLn 2.13

JUN 2.13 amuansefiuusily 1 36 laud Rod Element , Beam Element

Bar Element[18]
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AW 2 86 tneviallasiaaednuuizae wuuaNasnnlsznausion 3 qn

a A

! = % ! g o o gy i~
FauazUULAIMAsNNUTznauAaY 4 AR L@@mumumummzmmuLmﬂa&mwmw

AM190418893 Ui TuNWRY AuTuAANTRTNAINUUAINNIANAS A INNUITDIT Y

o

Tudanaasiennavedmuduuuiiae awnsouflaywndglasdudenlininndie A

T 1835 arnldArusnndarunaduilamauiueaiNwsle 1 36 wiidaiaunainig

v
o o Y o

ANUIUALLE ALNWA U 3 HRALANTIDaq TN BNVAHAANEAINN12AN U N LA R AN

gnFievgednfiaal18] AsgLn 2.14

g‘dﬁ 2.14 MNWLAALDALIUALY 2 87 Lon Plane Stress Element , Plane Strain Element ,

Shell Element [18]

v 1
' a o [

AWl 3 1A gUivaenedwuiilneialiazliginsegnuiaindszneudion 8

u

qasa uazginatsrilanisznaudon 4 qase Tuatiiuglir9edueu 15U aLNu

U a

guaua N0 M ufTywnamaniaesudslfnanuatagluuy wsyiuanasanisliea

£
a a4

wusgiaiinanislEuiaaauatunn surisldnanlunisAnuanunu dednaziduoym

A miunstinanzitynlfissesnenianeddauyanal1s] AsgUn 2.15
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5U# 2.15 mvuanaedmudiy 3 93 dud Solid Element 18]

3. nMsdszhngaunisinludied st

dl = aa g a o a 1% a o & a
\Wavannszilauds W lufiedinuiadunafoaannisideyiug wuimn
1Ay Iudunautfe niaasuudasannisdseyius liiduannimieafizatie
Usznaufaan1sn e Uan al Aaikaznng Wit aun1sme W lufefimuddeeslu
= a dglu/ = a ' . dl
slunvresannian i gadinBin@aulugluuuaeanyisng (matrix) eanazaanlunig

dsehmduudultlsunsuneuiameisialy]

4. nremanann g i ludiedwmumdnfoadundanfannisszuu v

wasantszhngannisinlumefwudli ludunaui 3 azsiasinnnsand

a

o dgj dl

Wuannisszuy v iunisidiwsiaziedwusdtdesuidsznauiudnaudulnmugdsien
> dgjd = o

anysoireatlyuitiu svuvannislugil Aslsenaufosannismiaigatintosiiuanuu

unlpgauasiiuauuanmalulam Ly

a Q

oA P - ~
5.ﬂq?ﬂﬁ‘$ﬂ‘ﬂmwﬂu1°ﬂ°ﬂ@uLﬁlmquﬂﬂu1mﬁl@Umeﬂ?xﬂﬂm@ﬂuu@ﬂﬂqﬁ‘lﬁfyw

a da’ v K ¥ 1=
NATU LaRuAaNNITezLL o i

o

6. NIAUIUNIANBUNRINTT
dll o a 'S 1 % b % 3 o dll v 1 dll Yo
IHENIN93WATIZIRENYNABINET A9AINTDRINIMBW IR 1T LHe 3N

1 u v
U ATAINITUIAT — 1
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2.3 9aANaN (Composite Materials)

q

2
o ' | o o

Japuan (Composite Materials) udagnanssus 2 nguianuaniusiuliliima

q q

mnmiﬂi”mwﬁmﬁwu (Artificially Made) Tnaindannanazfiasliazarsfaiuuasiuuay

agAlsznauNILANLAN AU TRLaL Iﬂﬁlﬁ"l’]ﬁJZ\i’]ﬂﬂJVI’NQﬁ"lﬂﬁ‘i‘ﬁJ‘ﬂ'ﬂ\‘i’)Z\iﬂNmNﬁd

v
Y4 a

LLﬁlﬂmWQﬂuﬂﬂﬂiﬂ@Wﬂ IAAF FULAN WA AL

a A o

dld [ d‘ o
AMUANURANG NTRANBUSNEAN

09} o & o | o 2 [ % A o a dgl
UINNUN AIHRATUNTIUNTITNANTEU ﬂ?ﬁ‘uWiWﬁ’] Husu asgin Taenad ’&QN@NLﬂﬁﬁlu"\’]ﬂ

a

D

wa 2 156 TRawsnuananSandn ey (Matrix) WumaniEunasunnndgn §au

= ' 1y ™ o 9 o o o = | Y v o
AaLUaNNLaLl LL@Z@%@@N?@ULW@@H Azt umsaeFy EI@Lﬂ’]ZZLV\IZWIW\‘I"IL?IW@Qﬂﬂu

daenszaruss Wiadane llianmalusendnadinisasuglifiny uaziadnatinnil

o

dl 1 o d‘ = 1 o a . ) ¥ dl a aa
VIﬂ?Z@WﬂLLVI?ﬂWQ@ﬂINLW@M@ﬂ TILTLNIN AUATNLIN (Reinforcement) NMUUINLATNRANL B

v
o o

WinuWanan sﬁﬂﬂm@NUMﬂﬂ\m@ﬂN’&NV}iﬂ@ Lﬂuﬁmmumﬂmuﬂuﬂmmmummm:‘m MU

q

b

'
=

1FHIUADIRNTFIIR uLL@yiﬂm‘quwmmmmmmmmwmﬂmh9] A3l 2.16

U

DD DDADD DDA
[T v [e "o s oo 070”7
N )
(S s oo erg [SVL SV SV 7 [ s v s v
concentration size shape
poYoVoVs) o Yo Vo Vo)
67676767 [
o Do B aaQp o
& v uuuu
distribution orientation

gﬂﬁ 2.16 mWLLamaﬂwmvmq@]SU'eNW\IawﬂiumfJmasmmwamaauumammwamamma:u[19]
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Jandalsznautlsenausoudoudidny 2 dou lhun wailaiuuaziaigiuus
felnerilazutsiannanaumaiiefiuliesnidu 3 Ussinndanuanidefiunedes
(Polymer — Matrix Composites : PMCs) , ’T@QNQNLﬁ”ﬂﬁ”uTﬂMz (Metal — Matrix Composites
: MMCs) LL@;&@QN@NL&@ﬁ”uLsﬁ?’]ﬁﬂ (Ceramic — Matrix Composites : CMCs) ﬁx‘igﬂﬁ 217
wazansnanuuntiassie lllfanmuanszaasanaduss lhun aunia (Particle) ule

(Fiber) wazAainad (Whisker) ayniAL@suusasiansuziulnvirana 1My Nen1unn

-

danauAFlud Wuku uazinfiansundnadouseudneaua1aratdun uAugnans

v o

(Aspect ratio) 818ms1dauAenaIuInNngn 100 Auld azFanansidduwraiuidudule T

a1aa1unAINAd NaTuEwlasaLiias (Continuous Fiber) wazidulelusaiiiaq

|
[ A

(Discontinuous Fiber) wazsagnnnsaawuniduleliseiiieanuenndiuseninananueg

o ]

satdunuAudnanglfidudulesna (Long Fiber) Telldnsdauninndn 1,000 Bl uas

v
o ] o

uladls (Short Fiber) Taldnsndautiasnadn 1,000 Wulanvismiuduledurisduazidulee
a a & o 1 1 a A & 1 ¥ IS & & ! ¥ a A &
Huyid soedraduleduvsdidu iduloeraie Wulaaaglas 1ufiu dowiduleeiiuyisd

analudulanta Wulaaisueu visadulalany wudulatuseu dulanasung Wusiu

dndanefiiludnuzredulosnadnunnniiduinuguenaslums lulasuasuas
AN AR INAT TUNAINNIABMAINISEN9T89KANLALY (Elongated Single Crystal)
= = o = o= = . . o o va o

asduurlinnazidunananysainilsAainnisiaansy (Dislocation) 1 lHidainasianau

W9Ug9gaNIN[20]

Taedeilsznay

Composite Materials
1

1

TaquBalsznauwediaued
Polymer Matrix Composite
(PMC)

'?ﬁqniaﬂixnﬂufﬁw:
Metal Matrix Composite
(MMC)

i’aqniaﬂnnnumnﬂn
Ceramic Matrix Composite
(CMC)

wnindimesluiwads

irTuussEuly

wnindinesluwanadn

= v
LEINLIIND HI.E’HILI

P
LI uEuly

(5] I.I.TJFT‘]LIG‘».UT‘Iﬂ |

LEINUTIAI DU I

IFuunaneianed I s udaned I

whiwsdeiuly

SUT 2.17 7iandn1s9wunvesiandalsenaunuyinves Matrix wazanuaz ey

LASHLLSI[20]
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2.3.1. YanuANHONUNAANDS (Polymer — Matrix Composites : PMCs)

dsznausasdunadwaiiiuieny waridaguandinusadudulaufia (Glass Fiber -
Reinforced Polymer) danuaniasnusaiuidulanifuay (carbon fiber - reinforced
polymer) d&nuaNLaTxILIA%eL W laz93n (Aramid Fiber - Reinforced Polymer) L{upiv

A9g1i 2.18

WD =27 nm ) F —

2 = 1) YV > 3
EHT=2000kV o 2o 0060 De 3 um

JUN 2.18 nmuananInseaedtegwaaneveduluasusuluilonudnendisgul21]

dll o o dl” dly a g e ¥ a o o
WathaniFfresndilanunadiuasuazaniitraaduladsuiselsenauniumi

1 ¥ 1
TidandalsznauiAnnuudeusauinausinnindagnediued wasanndulaigiuuseii

%

wiFuusensein wAduiussestingegaiiu danlsznauaziinonainnsalunistin
a9qn 15 inuscastingegraaudulodiuuse Aniumatanufiosdaonumiannuniu

wnwanazvaiuduledinusls arnasuussluglayniaiidowdinanuudusalugil

g

aynA (Particle) Hdauiddnanudsusslalinminiuguuudule (Fioer) fasainmanu
Tisaitinsresansdinidinussdanasianiansyanauss AstanBanaisasuussluglaynia

31 @n91FN (Filler) FandiailsznanazlmnuidaussinduateunidenFaumnauiunoig

1
S =< = <3

NUILUUNA N T U e anteen lfmauudauseaannne (Specific Strength) @aiilu
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1 ¥
1 o a ==K £ o

EMIAIUIENINAMNITUIIFBANNUU UL ITARRNEITW Asin e N sntindana

i
P4

dsznausn g miuanulassaieunatiansiasiuusanserinngeunninls duwasiiaes

F197[20]
2.3.2 dapuanitianulans (Metal - Matrix Composites: MMCs)

dsznavsaeiianuwdulanemiianliun azgiifian Jagdduusaiudulasiaiiiaqldun

o v

ArFUaU FanauAnslud Tusew axgiiun Wufiu daadfulgesdanliiarunmldaulian

q

7
= o

GOINNREY Fununsdand uaztiudgadiuaanudusligaau Al 2.19

=

a LY A < & & aa s
E‘U‘VI 2.19 ﬂ'TWLLﬁ@QﬁE)EJLLG]ﬂ‘lﬂﬂ’lﬁﬂmﬁm‘ﬂﬂiﬁ“ﬁ%i’l@ﬂLL(’NLUULWﬁLu%JWHLLﬁ%N‘UaﬂEJu ﬂ’]ﬂ‘UG]

WulanaSunsa22)]

o o

o a ¢ﬂl v v o a t:ll a = a
Avsudaniasunsanldazfaadudanasuusanidulm st n e a1 918 a1

Q Q

k7 7 1
A A A

Tavy inlidantanundulanzlaununiusarudigeaunin wasiangniglianu

Q

4
o k74 !

WINAW BNTNANMILULIasANsIEs s TiasndTany AinTHiA N LLWI9TARIE
Usznauanaasaniedulse@ninisaeneilasannainuies (Coefficient Temperature
Expansion : CTE) anad ianzasidiunsaiumsinaainisaanefaiiiaaainaausauni

1
=

! ] = a2 A o ¥ o a all ¥ =
nanlany dounsinans@suusalaneusiiudulaann Q@QL%Qﬂ?tﬂﬂUWiﬂ@tNﬂ')'\N
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1 v 1
a

wiauseiigean lnevialudanasdszneutanzasin lllenuludnwnsimaaiulane anaiks

U

' (%

wseAn N llazdunislfudgeantimasatenulanc 1ingaay uardangnisldaunuiu

A[20]
2.3.3. f?aﬂmmNLﬁﬂﬁuLﬁiﬁﬁﬂ (Ceramic — Matrix Composites : CMCs)

dsznavficadasmainiuienu uaztineinsaynia Wuly danadvesssni

=

nafianileldldfal5idudanatuns Wu 3anauaflud (SiC) wazavgiilanaanTas
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U7 2.20 nmuanssesuwaniinvesiaanauifivadofuduesfinuazidaneunstudidu

WALASUWLTI[23]
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na@suusbitu i dnidunisliulgean i lidandalsenaunliinou

q

MHEUATIUNIUNINTY  Aansidsnussazidinllaonan1sundaessas unnNenaiATussndng
msliau Wadandelsenaulafuuseaslifanisulszuanuiui Wesainseauanazgn
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NUNF8A19L83 NI eI NANTHN Fan91 ANmilaauuuey (Pseudo Ductile)

o o d’l d’l a dl 1 a uAd‘ o a dl Vo o
AuFLiefuminy lidiniseazuansantmndse wazuanyunlelfsuusensznn
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=® 4} o 3 a Qi 1Y o Y o a a = a
AUDNIIAFANUY muumm,muLmﬂmmﬂﬂ%mﬂmmmmﬂim@umamnumwmum
dﬁ/
LASNUNIWNINDL[20]
2.4 WanLEnaLsel (X- Ray Film)
al| & [~3 o A o dld ) o Ce di 1 aa o
2.4.1 NANLENTLIE AD VRANHAINHAN ﬁysl,umqmil,l,wvmmewi‘ummmw
| Yo o o o K o a 1
AN1T mﬂ‘l,umamw@mﬂfm PANNIINNIUALLTUNTUNNNIAINAINNTR859E Tadqn

o a A o a @ e dl A a al o [~3 o‘d‘ A
Azl UNAUAY ViTaTALaNTLIE] LW@Iﬂﬂ’]W@@ﬂﬁJqﬂﬁ"]ﬂgﬂq')@ IneginuasianLdnagisdn |4

Auaglutlaqiiuutseanidu 6 Uszinmuan lHun[24]

2.4.1.1 Adunldluaan1sunn e (Medical X-ray Film) wiaaaniilu 2 14a

1 v
2K A a 4

- Wdnainassumn (Regular Type Film) @eilvivassaiannseslduay
TddaalddoutuainiiumI NN ngs Naldsouiuainiiuma

WsuaIaziFeanin Screen Film

v
Y o a

-Aauaian1G59@Inamnsg (Direct Exposure) Wandnawsdaiiafiinis
aid I v % u’/j 1Al & o v
AVUANTNANNIENIN Emulsion UBE1UTII4892 89w UN AN B 19545
1Al & [~3 e A o =K 1 dla
ANnuINITH B nTdriinossun Tuilaqiiuasladidunie
al o

WA ez lda uada N a N A58 m TuslA (Automatic

Processing) 4

2412 Adudnasgrian i lusansviunuwnng (Dental X-ray Film) aziauna®
< a di v ] | =® al
wnidluiAsive lananizgiuludasnn naanauiaainnlnuesilday

iaanARaIR UL UNARINITANEA 1l 99NHL Wi 1wy

2.4.1.3 Photo Radiographic Film Wdnafiailenuauds Emulsion 198 ULAE9

2890 AN (Single Coated)

o o

2414  Dosimeter film Wanaian 1441 nFudnlsuiufedaesfnu]uimam
B o oy oo y
Neniufd e linauiaiuuidnliiulussaznamunniuali

2415 Wandnadsen14luaennsgnanunssu (Industrial Film) WuWaNANER
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dl dl 4 o
FIRNIWBRATIAATBEITIVUBNIA)

2.4.1.6 Duplication Film iluiaufa1n1satinldElunns Copy nansedls

aanN luanEUzIaIN I NTadTaanss (Direct Positive Copies)

2.4.2 dautlsznauaesilan X - Ray InaialUWdu X - Ray wisaaniily 2

szinn TAun[25]

&

fudinddatuaadini (Double Emulsion X — Ray Film) W& &

<)

2.4.2.1

1
o o

W lunasanenIn x- ray n1an1sunngdazidusiantadaduan

=b_

Fu aninadasnddsz@nsaanidu 2 win Inadsznavlildiae

AausinaAsgUn 2.21

Emulsion

SUN 2.21 AMNLAAININFAVINVDINAULD NS ¥RADITATUADIPUY

Y

( Double Emulsion X — Ray Film )[25]

]
=

- FuLAAaL (Super Coat) NIN1A1NLAANAY (Gelatin) Wludaundae

v 1
o v o

PTastupnudavaniauanliunduasiadu

1
o o

uaatu (Emulsion) Usznavdusqsuandunalas (Siver Halide)

See

'
' o o

¢ ludilatu daannisiinninasealainas (Image Crossover)

v 1 v
o o o o

UEARA (Adhesive Layer) nutinfdszanuszudnedudiadunazdu

Re
Zt
N

=2

FUIBAANEI A9 Fmnanaa AU
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- FugIusaIWan (Film Base) N1u1anninalaainas (Polyester) L1l

49

daqudnAnyluirasaundaus daaanAnu@annaniinani1siace
WNUAANAN LT

2.4.2.2 Wanrladdadusinuiaan (Single Emulsion X — Ray Film) TnavialuW &

v
a A

wWnosdrdatie ldlunsaraniwidnagisdisinuy (Mammography)

& e dl 4 Y o K v a
NITHANTEINA (Extremities) LW@m'a\‘imﬂuuuwﬂmwlummmzL@ﬂngngm

Tnedsznavlufasdausine gl 2.22

Emulsion

1Y

~ o a s & f a av o Y a
U 2.22 ATNLAPINTNAIATINVDINAULENYLTYBUADNATUA LAY

( Single Emulsion X — Ray Film ) [25]

1
=

- FuLAAR L (Super Coat) N111a1NLa AR (Gelatin) Wudundas

I
o o

Tasiuaudevianieuanliuntuaatu

v 1
v a o

- FudN AT (Emulsion) Usznavausiuuanduwalas (Siver Halide)
Hainegluadadu dqeannisiianinmasealanes (Image
Crossover)

- Fuiinfin (Adhesive layer) MuBnNUszanusendnatudiadunasdu

FIULBINANINFAE TINNIANLAAFU

- Fug1ueIW AN (Film Base) N1unanindieainas (Polyester) 1l
daqudnAnyluirasaaundaus daaanAnu@aunaniina N3 A

LU AN BN LTe]
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1%

2.5 wiannan3aily (Stainless Steel)

a s

HauandAsiununisianseuluaninuanfansnee lhgeandimaniialy
Tnalantzileag luusseiniAnRanNTuaziinL]isan Oxidation inlifiaaia wszaix
sesuTAredaan s lusiasanndsinudassliininngs Tnedasuglliiiuasnlafueg
\Wan (FeO, , Fe,0,) AviuianansinlaniandinlllumanlulBunnnunn azinliman
o A on o a o a & = y a )

ananaiaNiEn sfiununisinatininlu wasanlasienludasusnaziia Anodic
Reaction N1l aNannaslasidanaanlasd Cr,0, 1w dududNdaundaaiuruiny

wazNuudaaalasudly Cathodic Reaction ki lsiiinnisyndan [26] AvgU 2.23

cathodic
08

0.4

0 A A A L i o, Cr

08P
anodic

JUT 2.23 wnunnuanaraven1siiy Cr asluvdnseaudfndliihveavdnnaulasdey

—

26]

AN LRnannan Batuutsaanidu 5 Uszinn[27]

a

_wefiAn (Ferritic Stainless Steel) 1iumanndn5atuniilasidlay 105 -
27% Apnudinuntunisiansaulifiaandnnannan Batulszinnaaamuiin wsganda
Uszinnunfinudnin Gualiuateslsesu gunsaldviusnsud Tasanizdauses
vale@asnuud dosdnviduimannédnlbaiiniued 403,405409,434,436

442,446

- N 5WUERN (Martensitic Stainless Steel) Wumannan13aduniFu1o

ANSUAN 0.1-1%TATtR N 12 — 14%uazINauAYN 0.2-1 % arnunIun1Iiansauldsias
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N91U2LNNARANURN LANAINNLIININNINTHAIRINRUFNIMANTUAUNINNTN HaNTR

a

RWIZAAAUNIUANAARA A9mNIziunNTIingUnsald1uiunisdn daknfnluaenisg

u

unnel FatinauannanBatiuiues 414 , 416 , 420 , 431, 440

- AR AMUNAN (Austenitic Stainless Steel) wUaNNA FaRNANLFU 0

A5uawlaAu 0.15%Iaslauldtianndn 16% waziniaAnInauAduaziniiaLilu
- P~ wa A 4 e A A . o ! P aa |
parlszney andAnianansnudnmai Tensile strength AN UTAN weiH
%Elongation g4n31A9dasyalun1919 2.2 uaznanwn 2.24 N1 liiauns0augnng
Yo al o A 1 [~3 1a %3 1 1 [~3 v v a '
nalfdne wasianwizienizhaudmangalifin dratraduimanndlfatiniuaes

o o

304, 316 , 317 , 321, 347 1uU9AS9az N80 ®s H a8 A 1uuad unuildurnaianh

U

|
N o

Hl3uauAfueuge weeazidadnes L aghiiunasunulininafianldiunn

'
o o o

- Y A Ado a o
ANTURAURIDNTNRAIDNTT M LNUTUANH IN@‘U NLﬂu‘ﬂﬂﬁﬂ?yﬂ@U um\lﬁhm’]‘]_nuwu

lszp 81989ile

AIWANT (Duplex Stainless Steel) uilszinnndlasenanuanszrIanes

Anuazaadnuilanludnsgouimany 50:50 N1 lHlamanna 154 iun A andm

q

WiAMABN A TN LTILIIHB ISR (Tensile Strength) NEIN3T LATHAIUNIUNIAA
ndauldnninlszinnaadmuilan uwiﬂiwmﬂm‘ IMnusaAI N %um’qwﬂm

Gasniin luvinide dumsnniBatiuwas 2205

WAL 21 FaLAUTe (Precipitation Stainless Steel)td1N13UNUANNEAN
Tatindszinneaamuiinn senfinudanlddunszuaunisliinanuben uazvin iy
whafieliinnazneu denaliiilefuiianannudeiigeiu uasnudeniseanindud
goun N ga e Ayl ulududaulugnanunssudinsiadl iiesaudidn

11U 17-7PH @etlsznaudalasilan 17% wasiiniia 7%
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300 J/
YS -
200
FERRITIC STAINLESS:
- EQUIVALENT TO
CARBON STEEL
0

AUSTENITICS
STAINLESS STEELS
TYPE 304/316

>

STRESS [Ksil

AUSTENITICS:
EASIER TO FORM
INTO COMPLEX SHAPES

STRAIN
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224 ATNLAAIANUFUNUSYDIAILLIAULAEANLLIASEAURILANNAT LS ATy

wRasUseny [27]

AT 2.2 nansautRnenaveardnnantiatunsazvin[28]

Grade Yield strength Tensile Strength Elongation Hardness
(MPa) (Mpa) (%) (HV)
202 299 684 57 170
304 298 695 60 168
316L 300 636 55 157
409L 266 421 34 136
430 326 502 29 157
439 292 441 31 151
441 298 464 33 150
444 380 540 27 -
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2.5.1. Stainless 304 Wlwwmannénlunsznaseamuiindnniasldiuetng

WNUANE WTRTENBNetNledn 18/8 Tnadiiunuesanlanienet 18% uazs1aliniia

@ Yy Ny A P ' Iy v < |

8% wann&n13atinings 304 Harunumuseaninwandenluussainialuaaning aue

Auntsinnsautinusessawarnisinansauluaninuondenninouseulunanlss
o o [~3 % a I's oI a a a dld I's

A mFuwmanndnaiin 304L uglunumiueusnatiafiraesaiin 304 NHENANTUEY

. do oA . o o
4940 0.03% AANINN 2.3 TetagadnnsnAznauIesAFluMiiasaInnmen Wunas
Widaaeadnaiuimntiiu i luaninnimes lfudiedluan1osignsinnseuasiaguuss

[29]

A13197 2.3 AN3euanedlulszneum el suanndn Batiuinse 304L uaz 304[29]

Type 304 (%) Type 304L (%)
Carbon 0.08 max 0.03 max
Manganese 2.00 max 2.00 max
Phosphorus 0.045 max 0.045 max
Sulfur 0.030 max 0.030 max
Silicon 0.75 max 0.75 max
Chromium 18.00 — 20.00 18.00-20.00
Nickel 8.00-12.00 8.00-12.00
Nitrogen 0.10 max 0.10 max
Iron Balance Balance

ANS9N 2.4 miwLLaQOauﬁ’amqﬂaﬁqmm:ﬁﬁawmmﬁnﬂé’ﬂ%ﬁﬁumim 304L way 304

Y

[29]
UTS 0.2%YS Elongation % Hardness
ksi (MPa) ksi (Mpa) in 2" (50.8 mm) Rockwell
Type 304L 85(586) 35 (241) 55 B80
Type 304 90(621) 42 (290) 55 B82
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2.6 viulaA3uas (Carbon Fiber)

1
=

¥ 'Y o Y o a 1 c 1o A
Lmﬂﬂma‘mmﬂm@m‘mimuﬁfmuuaumnimqmmmmﬂum NITHLANTUNAN AL

q

AAAMNITNNNTTU 89NA Wzilasa N AMaNTRIRNzFNwaNF19aIndanpuiall Ty

q

[399789ANUTAUTS ARINNUNIUNAN Hthntinun dwlaariueuiauindudiuguanang

i~ =

U104 0.005 -0.10 Hadwms Aagn 2.25 aelpavialnisuandulaaniueunliazgniin

a4

Vidudusng wazindulaauimanunsaniuasladludulaasuan[3o]

JUN 2.25 MmuanamaUTeuiigurunvesduninyediudulenisueu(31]

=

Wulagarfuaudaunuiianiaininaiuasniaandt Inaazealatulnegs

o

(Polyacrylonitrile : PAN) H8#3lA39a519n191aH 9317 2.26 dauluntsnamdule Carbon

al
v v v

Fiber a1nsia PAN 1e3tiu azildunanuuanas 4 dunauasil (32]

1l
N

JUN 2.26 aMmuandlaseasaniaaiives Polyacrylonitrile[33]
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dUunauN 1: Oxidation tun1sundulainaazaalalulngg Tdwmnlnine1d

o

grungdatn 3,000 asanaatiaa aunnlidulaasuain@ananaiaiudni wWalsinn

o ¥ < ng @ ¥ dld ! ¥ ]
A uleladadu ﬂ@ZVL@ZQ'JuV]L?EIﬂ'JWN’] Nomex hA L LTIRTNITNUN

£in Nomex Hldnnaatindulnla

dumauR 2 : Carbonisation 1{11NEN Nomex N l@arnnigienluduman Oxidation

ldmnsianAuFaugans 10,000-30,000 a9AgalTed Tuussa1niAbulnsiausios

ANINABgININ WanIn1sindonlsrnevsindunlildsnn Carbonoan’ly

Winua 11Ul ANTUAUR AN LELTI NN

v 1 v 1
TUMAAUA 3 : Surface Treatment LHIUTUABUNNTLAAALATTNALNATARIUTNUDY

Eule deaunsntininiziaseadnadne waliisiagin Carbon Fiber aunsnmsglag

o o v = & AW o v o g o o o

18 wazn1 g ulodan undanssnngalu g ufudunauilazfiasseinsede
v

luntstpaaudsinawmaslidldinaneasainid tnsnzd1faN a9 N IATULAN

¥ g dl % 1A (3 a A o 1%
L@uiﬂﬂ’]ﬁu@u‘ﬂiﬂ‘ﬂziﬂﬂﬂQ’]NLL%QLL?QLL@Z’&’]N’]?QLﬂﬂﬂ’]i‘LL[ﬂﬂ‘Mﬁ“ﬂﬁﬂi@

dumaui 4 : Surface Coating 11N 511101413 BNANT (Epoxy ) NILAARLIAA

7

dl v A a dl a o v Y '8 1 a
WaTHNURIAULAZIAAAIINLI9TH m”l,mmulﬂmm@uvl,ummqum@ﬂmuﬂu

1 7 1
el atiunARTelugLaNnisin 1 e degit 2.27
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e
S

*
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2.27 mnwansivE@uleasuaunnsaudnsulyanu[34]
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|
= A

AuaNTTREuNA1Anyaendulaafusuuaniuiioainzesasinminiiuiuén
dl o = o o < % 09-’ o dld ! o I %
memmﬁﬂumﬂu@uumm\‘mmumaﬂﬂ@ﬂumuuﬂmum’mmmu aewuaIEule
= :/j o

ANFUAUNANLTLTININNAIUMANNAN BnTedalAnNudaLsAeusene luiiARIaIn nuse

AN99AR LATNITNILLNN FIANTI9N 2.5

A15799 2.5 AnananInIsiSeuisvantinianavenduleaisuou wazivannailutiniing

WwinAu [31]
'ﬁvfs\iﬁ]‘ Density Tensile Strength Tensile Modulus Specific Strength
(g/cm’) (GPa) (GPa) (GPa)
Asuaulviuef 1.75 3.5 230.0 2.00
WANNAN 7.87 1.3 210.0 0.17

2.7 8ReandisT (Epoxy Resins)

1 1
=

o = ) 2 a el A = % -
ANANdLTIU (Epoxy Resins) AANARLNATNHINATNLNALN UsznaumieAsual 2

v
o

azRaNLAYeANTIAUY 1 aznan Aanlataanald wydRend (Epoxy Group) Ae3iln 2.28 1

1
a Y

dusumssnumisndeslasedisaanisdenies afenaiandmvainuanelugeening

&” [ v = =X o k24 ! v a ] 24 ¥ 7% a k24
1uagiulaseaialuana AnasEamiziudulasielén wuwdulawha duleezsin ¥

|
o

laanfuan sa% An1gedandeiauiumelnanaiadw) unededinaitia liansn

v
%

wazlofiawamad wanaIntealauLdansegs nunuseatsal Hlanasningilinegs

4 a 2 a

(Dimension Stability) \‘ifmﬁiﬂmﬁugﬂ 5\‘1LLﬁmmumumwamnwm%muiwmmzzﬂmdﬂ

q

wadawamadrialidnduarbilaleawes uaznisldaunguugilsliaminnedwina

3

(Polyamide) wianiiRlnesnrasaReandnednfanin[3s]
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OH

PNy O O o _h_fo O O o<

L dn

U7 2.28 nmanslassaiiananiiues Epoxy[36]

2.7.1. Uffisenisidenlenvasafiendisdu (Curing Reaction of Epoxy Resins)

A ey a

= ai X a aaa = 24 al
nendistuargnidasuiiumeiluaninenisiinljizeveasjanfient
dl a aaa o o %3 a '8 A
gegaaziindgisenduseduiesnaneidulaluindiwes (Homopolymer ) w3a814
a aaa [ dl o % [~ dl a aaa a 1
nad)seiuanaaenlasiuiana (@19iliinde) aslunisifinlfizanenaasiinednale

asenilizanaTaaadasing

2.7.2. A7 manlasanandistu

asdenleeitendlaeviallazutiadu 3 ngu Aanguiedy (Amine) Ngx

nandaan (Lewis Acid) uwaznguuadauaulalags (Acid Anhydride)

o NG
1.asmenlenguia iy

a

1.1 1HuaRa (Tertiary Amine) Tnevinlilazimunzdniueutiainig
LAZUARSL FD9EN9T89A T TmaN NN WuiuuTa lawiiatediu (Benzyldimethylamine
,BDMA) , lawufiaazfluwfialuaa (Dimethylaminomethyl Phenol , DMP-30) , tag1ann

URALANL (Triethanol Amine)

1.2 wadwsriduuaaeiu (Polyfunctional Amine) dstmianTlaanguiiiily

:// a a = a = = dld 1 o aaa 1
MeazananeiuwazazlsuiAnaly meiaimwumuﬂ'methhmimﬂgmmﬂmq

a a

fiae 3 aznaw A9azey uglreseiulgugi (Primary Amine) vigaialuyAeqi (Secondary

u a



Amine) Tnainldas@anAnieduaziindffizanaziindgnsendenlecliize uaziialén

ay ~ a A | ! Y 0o gy a o ecayya
ﬂmu@jmuﬂq slu‘ﬁmzvlﬂﬂw’IMﬂL@Numﬂmmfmﬂ’m@uﬂn\‘im quﬂmﬂmﬂmmmiﬁmﬂmuﬂu

)

dl I a & o al a o v o a o rd‘d”
raan19ilasugilinege weatsiduueaeiuBaniiN g lunivianig wandusinuugy
% 1 1 a . . o 1 dl d”d a
AENTITURARLLUL LLASLLNURNTN LA (Lammatlng) I?]’)'E]EI’]\?‘IJ@\‘]ZQ’]?LT’E]MIEN‘]Jﬁ‘:ﬁLﬂVIuﬂ’ﬂ llﬁL@‘Vl@
aulmsalu (Diethylene Triamine , DTA) , Insefiaduiansziaiy (Triethylenetetramine ,

TETA)

2. A9 TN ENNgNNIAARA (Lewis Acid)

nsadtann liduatsdanios wuluseulnsngaslsdlulueiauie

1 1
=

qu (Boron Trifluoride Monoethyleneamine , BF,MEA ) M ugndefauntane sy
gounniities wazliindfisenduanseu iluasaeniasimanzdwiunandneinduan

LHLHNNNINIUNAS

3.anadenleanguuetauaulalagd (Acid Anhydride)

1
ol a o

uagauaulalpssntantini 19l usn s man laeue9aNand sty anaay

aglugTuTuneulalaug (Monoanhydride) visa lawaulalase (Dianhydride) [35]
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2.8 NUIAENLNUIURI

Yohannes Regassa wazAmuz[37] lavinnnsidaidainseiunszquiuunanIngy
d‘ = 1 Y o dl [~ a dl og; o % o U QI
#apnInIglddannidumanlugluuuipn Weantiivtinliiuias fnliwnanssaniwlunig

a oA a./ddy o & yva aa a o IS v
‘IJ{J‘LI[5]\1'1‘1,&19]WIJ%LLZ\]ZEN@WN’]?NMWHWWUﬂW?ﬂ?.ZVIZ‘IJﬂQﬂ?tZ\!uVLﬂﬂ ATNITINEATHNITATIN

wuudaesinel#lUsunsy Solid Work 2012 uaz Abaqus 6.10 ugensduinldanansgn

ngziunseguiluuuuAan InanTwnuisaainanliaisedul Keviar-29 a1uau 20 4u

ARINYUN 10 Hadwas uazldnalaawad uiwdudanuaiy AINEANIINAAAINLIN

A0 TUNNINTANANLBINTEAUIUIA 7.62 x 39 HaAmATNszaz 10 WA Inaldifia

o o y oo
ANLALVNENTUgATINY AagUn

D

2.29 aaualiiATwauaatianay A9317 2.30 NRanusa

Aa = dl a dl o [ % v o” A a o
720 LURATFARIUIN Gﬁ\‘m;mmmm@uimwmmmmmm;’%muuﬂme 1.5 Alaniu

JUT 2.29 NINUARSHLILAIA2T89NITAUNNI At wLLsnzaaun s zAen NN A

al dl 1 o
ANHLA NN LN UNRN[37]
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nullet fyimg iz
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U489 D.P. Goncalves[38] Minnnsaiaszsinansznunislenzaadnsyqu
Autiwanunazersin uariave Tugluuy 1 85 TnauuudnasstazdaaliinisAiuaninisg
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Pt = = aa o o o A
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wazlAinnNsAnEINaNIEN eI IUIAABUN1ATARE I RN KA SANAIN T lWNg
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[38]

Matias Garcia-Avila[39] l&vinn1s@nu1lanzinumanIngn (Composite Metal

1 v 1
=

Foam : CMF)Tifluianiiilugwgu duwinin daauainnsnlunisgadunassung lag

Q a q

D

[ %

FNATANIIN AN N AN UL UN 2N ANNANAUIA 2 NN, #9717 2.33 Tuuyisnduay

a

1 v
aal o

Wsanriuuiusiniiesaiegainszadtaminiug Inaninimaaaunisdefioanszguy
7.62 x 51 14U, M80 LLay 7.62x63 JU. M2 AP ﬁixﬁ‘u 304 ﬁlﬁﬁJN’]lﬂﬁ‘ﬁ;’]u NIJO101.06 ﬁ
AHE Nz snuanF1eiugmSuN128e 1 danazn128auann

A) B) 7.62x63mm M2 AP

7.62x51mm M80

Projectile

/i

Ceramic CMF

JU7 2.33 sUuanaszuvgainazaanindnililunimeas vt uaznimnseguinlilunis

wmmu@qmzqu 7.62 x 51 WU. M80 LAy 7.62x63 NN, M2 AP[39]
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JUT 2,36 NnUAASRUNANNMIREMETENTINIUNAIAINNAFALES TATULWT WG HN B9
Huduivg An1Inzqneat1eInszqu uazayNIANIINaNy lAFuusanadnludi

WuTanzraningn (CMF)[39]

AM.R. Azmi wazAnz[40] 1H11N19ANHIN1INAABLLIIAIUATLINNIZUNNTDY
Fan ainniani@ulusssuans kenaf wazuui AN x-ray Insf1vuagluuunisnauwuy

o o A = Aaa o ~
@@Uﬂumﬂﬂﬂ‘iﬁﬁ’]gﬂLL‘LILI‘V]@‘V]ZQ@ IANTNN 2.6

MINW 2.6 AITNUARINITNNTIALTBITUVRITARA AR UAIUMU[40]

Configuration Layers Thickness
1 K-X-K-X-K-X-K  6.35mm
2 K-K-X-X-X-K-K  6.40mm
3 X-X-X-X-X-X-X 1.60mm
4 K-K-K-K-K-K-K  8.15mm
K - Kenaf

X - X-ray Film
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HANINITILATILITNANIINARD L Tensile stress ka2 Tensile strain ABITUINUIG 4

| A = | oA A o = o A
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Tensile Stress (MPa)
w oA
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[y}
o

._.
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e Configuration 1

e Configuration 2

Configuration 3

e Configuration 4

4 6

Tensile Strain (%)

JUN 2.35 n5muan Tensile stress Wag Tensile strain Y4WUNUNG 4 ULUU[40]

o = 1 = dld
N@mimm@umwmﬂmgﬂmen 4 Ny

PandienFaumaunugluuui 1 wargluuui 2

n3dnEentaeld kenaf MauntinniaNTR

fefunisnaniuszudedansneaiie

o 2 KX a [ 1 aa// a 1Al e 1= a a o dl
M IAN98ARANUIZMINTURITEY kenaf LasUNUNAN X-ray 1MMﬂi$@WﬁﬂﬁW ANANTINN

2.7

ATNN 2.7 HANTNAFBUANRALLTIAURITUIIUNG 4 FULUU[40]

Conf. UTS Tensile Modulus  Tensile
(MPa) (GPa) Strain (%)

1 30.59 2.98 1.88%

2 34.15 3.05 1.84%

3 75.52 2.40 15.29%

4 49.61 3.43 2.79%
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JUTN 2.37 ANULARBUIULERINSIZUNTEAUNAIINNTNAGRUES [44]
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und 3
ST IPE LT
3.1 Fanidlun193de
a) wHuUMaNNA115a5u 1n9m 304 A11A 30.5 cm x 30.5 cm AIINUWN 2 mm

= o

b) weuNANEnTsA M wEaanTsanenUna Ranuuineia wazuuulinena

o) udwdulaarsueu - Wiues aunm 160 g/m® ann Toray Carbon Fibers

America, Inc (CFA)

anriRvagnndulaarsuau-lniues

Tensile Strength 3,530 MPa
Tensile Modulus 230 GPa
Strain 1.5 %
Density 1.76 g/om3
d) AWenTsTw (Epoxy Resin)
e) azdlmu (Acetone)
3.2 gilnsniuaziAsasile
a) WNANWAIUTUNITRINBIUIA 30.5 cm x 30.5 cm  NINIAINWEUR A

1wefuasn Aagin 3.1

JUN 3.38 nmanaualfuidnsuyinguauuug 30.5 cm x 30.5 cm
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v
o

b) 1A70F9ULN Eie DIGI Model §u DS-673 Anxsnaupnlanaiiay 3

BN
c) ndesqanssruuuLlduas (Optical Microscope)
d) ﬂﬁmf\mmmﬁmu@Lﬁﬂmfammm&mmm (SEM) fitia JOEL q'u JSM-6400

e) LATRINAZALLINAG — WINFR (Universal Testing Machine) £19ia Shimadzu

$UEZ-S

f) wAsesieannaeunIsfesiunszauian M NINATINIEANA §11INI1Y

ANFIALAITNR NN,

3.3 NIATNININAUNTZQUIAZLATIINENAABLIT LAY

3.3.1 AN9ATNTUNANLANDLel

% [ o o

a)  ASNUNANAAIUFUNNTUIIBIURMAINARFA 9UA 30.5 cm x 30.5 cm

q

b) WA&N Epoxy Resin Waz Hardener 1ialaudsfoadmnsndny 2: 1 lag

1Nnin

c) nneaulidinduetnage szdnsedsednliifianasenialuansazans

d) WS TUALRLHWAR SN DL BRI tnAas 1 EurioNRaT 1L

'
o =K

e) et uENLdafsesunile dnuluA A Endueelneudnlloeaauu

24
o

A & < Ly 1 A 1) ¥ a
LHUA AN AN LI TuLINALN9ILINe WEI’]E’WNiNiMLﬂ@W@Q@’]ﬂ’]ﬁIH

& <

FEUININ WA AN LB N
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f)  NIEIAINTURDU d BWAT e ANAIAL ABN91AE IEANUIULEUN AN AR a9N3
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332 ni1sdsznautudsudnardiunlumannantfaiuduuduidulansuau

o 1 =3 ¥ v a % 1a ¢ ° o o Qa/ dl dl v o
a) u']LLN‘L&L‘VI@ﬂﬂ@Wi?@uNQWQVLQIHLLNWNW’&’]V?UWWTHQ’]HE‘U@L‘M@ﬂﬁ\l“ﬂlﬂﬁ‘?ﬁ

Q

AUNA 30.5 cm x 30.5 cm

b) Wa&N Epoxy Resin kaz Hardener 1finlaudefoaansndaw 2.1 Ing

Rty

c)  nnraulidinduetnagne szdnsyiveeliinaneseinialuansazans

4 wsFuasnuuEumannd Batufiane 3 luwifiad inaelfisdurioniie
1A

o) dlasFuBuudeisysumils vindusuil s ndiedildannnstsynenlu

Fumou 3.3.1 dolaeasuuudumanndBatuatainile nenaiy

TulsiiRanasaInialuss st uNaudnGLssl Lazuauannan Faiu

v
) 9197uwliluennidonamanwiaain

v L4
o

g) WisTuasuuuNUAANEnmed dugading inas T uvioninTuiueting
09; a QI [~3 o/ v o/ d! ¥ K o 1 73 'S
119 AN1UsasTUBNLdiR lArTAunle ulasinududulaa1iueunng

adltasing wnia azlATlATaa5 9T RN URANTNAINA 3.2

dubudnndnGaily

FuEUNAN AN LTE

~
> Funddulanniuan

nazqu

JUN 3.39 nnuanslAea?NTuauNgITiungTg 1WA 30.5 cm x 30.5 cm
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h)  swly 12 F9Tue il aETuldimLan THNTuIueanannuLANW Anwssaau
YAITUINU

3.4 stunyTuaunaged
A o A 1 3 1% Y A A 3 o ! Y 9
gunud 1 (s9ia A) R wlwmanndnBalin - uiuiddngsd - uiuduleanfueny
DugduuundagueuniinduuiumanninBatin Jandunataduuiuiduidngised
uwazdugafineduuiuidulenuen Tnamisen 3.1 lHwansnisdnBesdanuaztinuin

Qb 1 =3 ¥ v o a I Al e < e 1 ¥ ¥
ngﬂl,mmumu LLNuLﬂ@ﬂﬂ@Wiﬁ"&uN — wHuWANENTLed — wwdulaAiuau

JULLUT 2 (394 B) Aa uduimidanndliaiin — welwduloarfueu — ududdudngised
Wugiuuundasuduninduiumannd Baln dandunaraiuuividuloaiiuey
wazdugaineduwiuddudnaisd lnanieh 3.2 lHwaninisdnFaedanuaztinmin

2997UuULTUNU urmdnnd Bain- windulaanfueu - wiuandnased



3197 3.8 wanen1sdnisesiagueskaztintinvesguuuuiuay wiumnanndliat -

weuASLD LTS — wHuEulaASUaUY

gﬂLmu%”m’m welmannénBatin — uiwidudnmiee - uiwdulaafuau
394 1 vihwinrieuii (kg) vivinudarin (kg) viwin Resin(kg)
A1 S1-X10-CO0 1.558 1.686 0.128
A2 | S1-X10-C5 1.628 1.864 0.236
A3 | S1-X10-C10 1.698 1.964 0.266
A4 | S1-X20-CO 1.798 2.012 0.214
A5 S1-X20-C5 1.868 2.180 0.312
A6 | S1-X20-C10 1.938 2.254 0.316
A7 S1-X30-CO0 2.038 2.150 0.112
A8 S1-X30-C5h 2.108 2.350 0.242
A9 | S1-X30-C10 2178 2.456 0.278
P31 3.9 uansn1sndesTanvatazimtinuessUNUUTUIL uiumdnndlSady -
wrwdulonsueu- wiuildudnasd
sUuLUTunu wwardnndn et - ududulaasuen whildudnmad
IUA Fuay visinriesin (kg) vinutinuderin (kg) vinuiin Resin(kg)
B1 S1-C0-X10 1.558 1.686 0.128
B2 | S1-C5-X10 1.628 1.734 0.106
B3 | S1-C10-X10 1.698 1.872 0.174
B4 | S$1-C0-X20 1.798 2.012 0.214
B5 S1-C5-X20 1.868 2.062 0.194
B6 | S1-C10-X20 1.938 2.120 0.182
B7 S1-C0-X30 2.038 2.150 0.112
B8 S1-C5-X30 2.108 2.296 0.188
B9 S1-C10-X30 2178 2.364 0.186

F0a819T1911 A2 (S1-X10-C5) WHWUAANNANBATNANWIN 1 WA / WHUN AN N9

10 i1 / hisdulanniua 5 wei
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3.5 113799948 LIATATINTUIIUNINE
3.5.1 NMIMIRABLULLINUNA
v Q’l S A
a)  mmaaeulnna e TuuliiIuIARINNInTgIL NIJ0101.04 An
30.5cm x 30.5¢cm
b)  AMAABLANLBLATINAUIEINNTWTAR sonDanesaNATIazag]
FENINUHY
o o a v = Aa & = =
C)  UWANANNNINTTENUAY ATIAABLANIALMNLNNATUVBITUINY TIND
anwauznalasugilaesionazqgu Hin1dnTuInTeIANNAINE
=2 o K a
ANANTBINTTNLANZAN TUNNHATBIANIAL UL
3.5.2 NMIMIIRGRLULLIAANA
a)  mmaseulanaTvresTuulanginglindesqanssmiiuyliuag
b)  UNNTEFatanadeuNTLIALanNINaulNaNNTansIadan L L
Lx o

o o 0 = o o N Ay -
NIAULE AN @Qﬁl‘ﬂﬂi‘ﬁ‘qﬂﬂ?m‘l’m ﬂﬂﬂ’]WQ\‘iﬂ@ﬂ@ﬂﬂ"ﬁ@VI??ﬂu

AANATAULLLARINTIA

v
3.6 NINAFDLANANLTANINNAVBITLINY

a) ssdwuneaeu i linuninsgunnivualigienasay ASTM
b)  tawulineseuwsene (Tensile Test)

1
A

v ] v
- PNIRARILATAINARALN IE AU LNARD LTI
o K 1 1 dlo dl og// [
- funnavseauiuacullsunsnresaseamnagey antdulden
AN luNIIAgaU 3UN9 wazA1ANNLaansiY
L AT UAUTUIN UL NINARANANN I
o & - & o PRy
- TuinAtAHIREVNe annsutnaanlaninans I Load —
, o L das 4 e A
Displacement Curve WWaUIATNUALFHNIIN TI9ZUIATNARINIUN

1 lunnsianzneguey

- ININARDLTUINUAUATL
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- AAZHNANTNAADL

o K % ) =3 '
c)  tunnuafiays uliBnaziing

3.7 mmmmu@ammmmﬁ;m NIJ Standard 0101.04

Amiuanddeililinaaaunstiainedassnigaaima 411NauRAIIRLINEIR AN,
3.7.1 Fuunageyl
ng dl v a % =
FuunedaLn i lunimeasanesaziesliania 30.5 cm x 30.5 cm
FNNNIMTFIU NIJ Standard 0101.04 MiAmunals
3.7.2 wAsesdialunamaaaLEs

a) a1qpilumAdaL (Test Barrel) AINNA 3.3

UM 40 nnuande1sUunAdey

CaN



b) NITAUNARDUENTZAL 2A FUIA 9 mm. AININT 3.4

JUN 3.41 pmuanansegudmiunaaey

c) Lﬂ?@ﬁmmmﬁéqmzqu (Chronograph) 2 4m

aju Oehler 35P Proof Channel Chronograph FaNNA 3.5

JUT 3.42 nmuanaesesinAIsINTEaU

v 1
d) aUnInAUEATLL AININT 3.6

e) NITUZAU AININA 3.6
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JUN 3.43 Mnuandgunsaldadudunuuagnszusiu

3.8 TURALNIINARALNITEN

v v 1

a)  NINIPARITUINNBNININARDLIT

b) MnsAmafvgUnsalmINNIATFIY NI Standard 0101.04 Tae 14

sraizvinaandatenszuenTunada Ui uanu 5 AT WAZINY

ANLUHI09LATeITAANIEINTTAUA T WU TUIIW ANl ane

=
nezUaNunNAgaLl 2 U3

v

TUINUNAAAL

b

v
c)  Bensrquiluruin 9un. lnandeldfinga

WangIagauAN3aeensrgulueg lugeeANiEe 341 WA /

UN WTe 1,120 WA /3uP (£30 Wm /FuAN) AaNuIRIgIY

NI1J0101.04
a :/J ng ¢ﬂl o a % a
d) AARAITUNIUNARBULNANINITINARBUEIAILUNTICHUAT

e)  YINNNFENNARDL LATAIIRAALAINNLTINAUEILAZAINNLTINAIENAN

dl o < dl o K % al dl a dg’ Q”
wsaedmANIFINTUNN LS ATaRdeuAUALNANAAT UL UTWIW

NPADL

) TunuanNTuIuagaULazin lBnazing
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3.9 AnEAATzuLLsNaa9 I lusia et

3.9.1 TAAN19A1a8eIAnTHARNT

1A TuduRa I uN193L AT LT LUANA 29899 L A LLUABNHR TAtaNaas
TUINWNINEAUNIEAUUATNIZQUIEN NN TTUIIU AotidBNN9ETNANNIAITOULNUTRY

Fuanunuuanaed neldldsunsu Ansys™ fanduldsunsuniseanuuy LHun Tlsunsu

[
= o

. dl a o d” 2 o
Solidworks LW‘ﬂﬂ?%LNuﬂQWQJ@WN’]?ﬂsluﬂ’]?ﬂuﬂ?Z@]uL‘Ll‘ﬂ\‘l AUTBINTICNUNTERL BNV

ATziANIAETIENAzAAfLINEiUNTEqUE TAENANTINAINAITNANIUARTUATAN

¥ 1
=X =

ANNIZIGATINENIAATY WaNTTguUene MUTUIIUL LA LN EUTUNARINN1IMARALIEIATY
d” dl Y Yy a o - . dl
ann1iugunlduAdainisinsieiuuy Explicit Dynamic iasannifunng
A18297ANTINNWNENINA RN TL AR UL Ut a1l wanslnangeuintuos
TnuANLazWAYI4T4 Lagrange @9lfisanTuinaraedanuaraiaIa9an1nzBusiuLay

dl ada 1% ¥ 1 L
UBDLILUR LW@M’]’Jﬁﬂ']ﬁ‘LLﬂﬁD&Iﬁ’]vLﬂﬂEI'NZQNH?m

o

AmFuenuddanlfliuuuanassiuma Johnson-Cook daiflulunadnuiudag
dszinmilane WesandaniannaiATanganIn SAsIANNLATEALATAIUUNNAY A1N1T0N)
P 4 = o = o = a o
ANNNLALNAAATIN HaNANITULRIAIINLATER ERTIAINNIATER LATADINYH[46] ASANNIS

3.1

v=|a+Be,"|[i+Cloge, |1-7,7] 3.1

€p AD WANTENLABNANLATEALLLAYZL (Plastic Strain)
Ep PR HANIZMUYRIERINAAIATEAAILILLLLING
(Normalized Effective Plastic Strain)

A a o

T, A8 aounRAndunusiu
Tnelfrasnsnepesdanuiazainn 1 lunisa$eunudnasannideneteqinanzii

NITAUAUAZNITAUAIANINNNANWINT 4.1 UAT 9.4
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dmiudandulaafuenanulilduuudnaesdima Puff Equation 1iesunangAnssuaes
o a PRy N o o a pRp o =) o o o .
JananuFnaninisdudalUdaFnnminimengsiage asddusiesliaunisues Mie-
Gruneisen [47] muaNn137 3.2 Tun1sesunemNduiuiresnNiuuazLFNInITes

[~1 a dl dl = o
109ud4 4 grungntleluansignivdn

P = Py + I'p[e — ey] 3.2

TnaifnpisineunlFainasnis

pocou(1 + p)
[1+(S—1)ul?

o m D ()
B 2pg\1 44

u=£—1

Po

PH=

P, AB ANAL U ANNUZENNEY (Pressure at a reference state)

e, A8 WAS LN U M @0IUEA19BY (Internal Energy at a reference state)
[ A2 Gruneisen coefficient

p A8 ANV (Density)

TnaldAraenisneaeauiudulea1fuenn 4 lun19a319uuUana AR EUN 889Ny

AUNTZQUAIANTNNIANUINT 4.2
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A mFudanuduidudnaisdanulsld Hydrocodes F9panaEUITMNAAZATUIRIAIN

= d‘ a 5o o o Qid L) .
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3.92  NIIRANKLLLAYATIUNTURIUNUINTIZAUNIZAUIATNITAY
Tun1saraasinlumed wud ludunauusnfasioniseanuuugilsneaey
g oo g P = v : oy
TNl lunimeaau IngazEuainniswiranlana?ansrguuas uiuinaznld lunng
nagauianun 3 du lAunudumanninBatudaduwduline wivduloaifueu uas

weludRSnasdanadulnalaseaiieseudnsuiuazgnidassiefiag Epoxy resin 3410
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o 1 14

Usnznszguiinunanuida 350 mis Ineludunauil azidenlilunavesianiineduialy
gudieyaresseniuad ANSYS Tnalaseatnedanuensrquazlinesnaes ( Brass )i
Waennszqu uazpzia (Lead) LﬂuLﬁy@Lmum:qu §QQ31%TMmemfmmﬂugm%mﬂaimﬂﬂ
fnsutlalneaiinaasluing fanmii 3.8 lhadnissnsedlunainsziunszqu 3 guuuy

THun

gUuLUN 1 : ueumann& Batia 1 udu urwdulaafueu 10 why uazuiuiaNEngLssd

20 WK (S1 - C10 = X20) AYNHUENTUINUNTIZIVNWINAL 8.64 mm

gUuuu® 2 udwwdanndnBatin 1 udy urwduloaniueu 8 wiu uazuiud s dnased

20 WY (ST — C8 — X20) ANHNUMINTUNIUNIIZIVNWINAL 8.18 mm

JUULLA 3 udumdnndn3atia 1wy udwdnlaafueu 6 weu uazuauiAudngiae

20 WEiL (ST — C6 — X20) ANHUUITUINWNIIZIINNNAL 7.82 mm

Brass
Lead 350m/s

JUN 3.45 minisinaeawiuinsziunsrauwaznsrgulagldisinludeduud
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b4
[ a o

v :/I dl o o dj . v o 1 v
nisasaiu iudunaundrAnyindunaunils Tnsfidasesmiinisudslaseaiig
Qg, tzll k% 1 Q’l ] [~ = 1 a & =
a7 U lElunmaaeuutseeniduTudauidn Band e s (Element) 3819
1 dl o/ nl/ v v v a a £ o 1 Qy o/
satdasiulaeiialiudoavfiasldntinaeed udlinunsanniugilsenesduay dnwuy
YAIWIINTLNINNTLNAAT U AnTuTdsunsnfaraug inanasidanlasnalunmay

AweiiusauynaaseaNuFNEENd1 Node

T ldudriinaavanmudazutiaandu 3 dszinnlfun wemudimmnen

L8 aa & aa o o =& dgj a g
WUAABIHA LaziaaNuAa uln d1niunisAne lusutazidunisamaeiilynilu
JULLUANNAR AN T 3.9 azuassdruaasuruinziunszquldnisaiiaiamusiiuy
Quadrominant Laz LaLA Luuﬁmmﬂizqmﬂmﬂmmu Tri Element with quadrominant GRFY

ADANNBEN 99.5%

-4— LLﬁjuLﬂ?qzﬁuﬂig@u

.4— ﬂ?g@‘u

JUT 3.46 aMmmsasiausvesiuaulHunTziunseguuaznszgululusunsy ANSYS
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unN 4

NAN152]8

4.1 N@ﬂ’]ﬁ“ﬂﬂ@@UﬁﬂHmtﬂﬁﬁﬂqﬂﬂ’]Wﬂl’ﬂﬁ’ﬁ/@Q

41.1) wHWMaNnaNBany

WaATIRADLANHUENINBNNTRILRIUANN AN 15 TN 1nTa 304 Aananalu

! v v
v a

1 dsj a a o o a a o % 1
g1 4.1 WUdINURAROT U BRI AN UG RaBatianeisaasinu Tddaauaua uTaL
= 1 =
LAZHN AAUUUITAIUHY 2 mm UAZHIUIA 30.5 cm x 30.5 cm ATNNIATTIUNAGAL
dl 2 1 = 1 < % v a
NIJO101.04[11] wazm15199 4.1 lBuamediutlsznauniaaleesuduinanninbatiunge
304 ARelAALATIZY Spark source optical emission spectrometry %dwud’]ﬁﬂ?mmmmmﬁl
nanzeuudnninBaiiuinga 304 IndiAeaiuAINInggIu[20] wazn919i 4.2 MHuans
ANLUANIINAAIENI991ATIZNAINLATES HOUNSFIELD 1 UTM (H10KM) uazgi#l 4.2

NINLAAIHNANTIINARDLILINAY (Tensile Test) 1adukNuUMaNNA15a70401N9A 304 a1nNTIN

v
KX a ¥

N1INAGALNLAN e BNATUINUNAGeLANNIALLAzAMNIATE AT udnda AR Tlna R

ANANN LS T UN W IEUATY WUINAINBAAAANNEIANEL 1WINTTL 4.487 GPa (gA1N314 7

4.2) TpatiannqaAINRANALLIZN0L 360 MPa 1A93IN1LLHE A INIATE ALNNTY A

I o

AYINLALAZ NN TR 19E7] InedANANMANGIaR WiNL 691 MPa (gA1979 71 4.2) Aniis

|
o o

AANIAUAzanAdaENTUlATAAuNITiTaRTIARaNATNL

JUT 4.47 urumanndl3atiuvuia 30.5 cm X 30.5 cm
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A1 4.10 LanIEILUsZNOUNNLATIVOILNUIANNAT L SatiuInge 304

WBUaANEN (wt.%) rasudwnannatlfala insm 304

Fe C Si Mn P S Cr Mo Ni Cu Vv
71.74 | 0.022 | 0.506 | 1.208 | 0.025 | 0.0084 | 18.00 | 0.103 | 8.273 | 0.107 | 0.0086
A5 4.11 hansanTinianavawkuannatsatduwnse 304
E Modulus Max Stress Break Stress Elongation at break
(GPa) (MPa) (MPa) (%)
4.467 691 - 89.6
HANNTVARDLILTIAIIAILEULWANNAN bAUNNTA 304
700
650 /_\\
600 /
550 /
500 /
450
E 400 /
> /
£ 350 /
(2]
@ 300 I
0 250 I
200 I
150 /
100 /
50 /

10 20 30 40 50 60 70 80 90 100

Strain (%)

JUT 4.48 nsMluanInanIsNAdoULIIRIveRUmaNnaT lSallungn 304
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4.1.2) weiwdulaaniuen

HengaagauanrniznIenIanInaesuiuidulaafuaunudiniednlane
dszanuinduuiutinfiaduuiu lidiBuulaBuunilumgeeanuduly wariioau

7
JU% 4.3 wansduanudandulaaidueuanin 30.5cm X 30.5cm  Uarm91en 4.3 1A

LAASANITANINAFIEN15TLATIZITAINLATEY HOUNSFIELD §1 UTM (H10KM) 317 4.4
NN LAASEANIINARD LIRS (Tensile Test) vautitidulanrsuan annsMnIImmagey

! A o = < Y = Y a & A = PO
WUAT WHANINITANTUIUNAREL AN AR LRI THN N NT RN AN LATEALNNT W |

pNdNRUsITuN W& WA InadAnandaANEANLY WiNAL 25.85 GPa WATaAAITIN

'
1% =

(Yield Stress) WU 444 MPa (961914 91 4.3) AUi@nHA0NAUTIAIAINLAUEIGA 7

q q

444 1 MPa auN3eiada@n11naanaIniuinaAd@wyinGy 4323 MPa

q

- dcgceaTeg 9 1011 12 13 16295 1647 18 92021 2 @ 2075 2% 77 2 29 30

U7 .49 wsiuSanduloasuausinm 30.5 cm X 30.5 cm

A9 4.12 wansauURnIanavadkiudulaa1suauy

E Modulus Yield Stress Max Stress | Break Stress | Break Extension

(GPa) (MPa) (MPa) (MPa) (%)

25.85 444 444 433 2.0
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1 14
HANNTNARDLLIINIUD LLNuLﬂuqlilﬂ'];‘llﬂu

450

400

350

w
=]
(=]

250

)
=]
o

Stress (MPa)

i
%
o

100

50 ——

0

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

Strain (%)

JUN 4.50 N INUERIHAN TGO UL IFYBLHULEUlsA1SUBY

4.1.3) weuAaNBndLsel

aa o K

weluA Susnaseminun livininaziauEan duanannuky A3anuuayiai
Tuynetsnns Enanisdfuan niiadiaentsldiinazeindaduynueiu ivaaeiudesdng
ANz NIuEUluIEANINITanlsza uAag Epoxy resin Taagii 4.5 wang
4 i
Fuanuuaud dnasdaun 30.5 cm x 30.5cm  wazlua19i 4.4 uananiEnIeng
PILHUASNLEN TS Fennsaiasnziainiasas HOUNSFIELD §u UTM (H10KM) 317 4.6
NIMNULAAINANIINAABLLIIAY (Tensile Test) TBIUKNUASNIBNGIIT AnnsWnIIMARaL
' dl tal =X Qg, 1 ¥ a o ! -dl = o o
WU WHaBNANTUUNAFRL ANAINALLATANNATE AT UARdauAnIne R A NE NS
Wunsvidunss wudnantunaamnueiang winiu 2.48 GPa (AfN319 71 4.4) Tagiisinng
= % o :; dl a QI d’l 1 % QI dgl
AAATINNANNAULITTHIU 84 MPa NAIRNUULHBAYNIATEALRNTY ANAINNLALAZINNT 1

2e11991°7 IENANANNLAUGIRAWINAL 146 MPa (AR13749 71 4.4) Aunseiaiana1aaanann
"I a9 al Q

AUNANANLAULYINAL 146 MPa



U7 4.51 wsiildndness 30.5 om x 30.5 cm

= wa I oares =3 6
A5199 4.13 LAASENUANIINAVDILNUNALLDNLTE

Stress (MPa)

E Modulus | Yield Stress Max Stress | Break Stress | Break Extension
(GPa) (MPa) (MPa) (MPa) (%)
2.48 146.2 146.2 145.5 99.2

HANNSNARALUTIAIIDILHUN AL AN DLSS

160

140 - //

120

100

80 -

60

40 4

20

10

3

U

20 30

40 50

Strain (%)

60 70

80 90 100

7452 ﬂﬁ'w\lu,ammamimaauLmﬁqsuauwjuﬁéméﬂmié
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o

4.1.4) HANNINAAELLINALLFTILNLAUITUINTan Y 3 28in

v
o o % 1

Han1naFaUaun W LAAIHANITNARDLLINANIATAAT 3 a0a THWLN Weiw

9

< 1% v a 1 % '8 1 al o [~ Ce d‘ 1 dl =
L‘V]@ﬂﬂ@’ﬂ?’&ull uHudulaAsuan uasuHUNauLAN T mngﬂ‘w 4.7 WU LHANANTIUN

= =

dg/ ndl % | [3 % v a o dl (<1 dl 1 %
Wunlfnawaag LLNuL‘W@ﬂﬂ@’]%‘@uN Wudaani A uuiaauazudy LL‘J‘QV]Q@I@EIVW AITHEAU

Q

1 v
= 1

PouNumANNE Fatingenqawiniy 691 MPa antiunsnazanasnninaAIAINATER

q

Uszanns 90% iefiarsdunanzesuiuidu BN iA A ARgIgAmniL 146

MPa IaailAezeanlszanns 100% waziianaisannunlfnsnasnudniudanniaany

q

o a

gaumlLazinuuiien uazillafansaindunsnaesududulaaduauasnudndantan

q

ANNLAUEIAR NUTTNNL 444.1 MPa aunseiadananneanaIniunmnuLAsanLlszan

a9 ]

2% TpeiiaasasnainnanLananaNRNudawsilan:

(A

HANISNARBLUDILSIAITDITANNI 3 TR

700
650
600
550
500
450
400
350

300

Stress (MPa)

200
150
100

50

0 20 40 60 80 100 120

Strain (%)

welannanBatin  wwduleaniuan  wluNANS Nl

JUT 4.53 nT1vluananan1snadeulsensUssuiguseninadan 3 vila
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4.2 LANNINAABLINANENEATRLEMIANNAN (Batininan 304
Wat v uulnanndnT5atinimnes 304 NMARALNNTIAIENZ WNANIAN
o o £ o o P Y N o = P
WANUNTuANINEIaaasiana iR IWA In&RIILNITqUILIA 9 mm ANgLT 4.8 Ao
LATBINAABLLIY Universal Testing Machine (UTM) Taaldaa18139 1 mm/min gU# 4.9
NINUAAINANIINAABLINITAIENEQRIUNWINEANNAT Batiuinga 304 annsueIng
! dl ng ¥ @ o 1 vy A ¥ QI da’ dl
NAABLNLIFN LHBTUINUNAABLYNNAAIAANNIETIAING19ANN AL UL TN LN
=l a & = v o & o A 9
ANATEANTY TnadAnuduiusiduns vidunse aullarAuAugegalszunn 6.4

MPa pansAnRuus tinanasatnaiinlidn audaguaninsanszqnaauiiulszun 5.2

MPa

JUN 4.54 amuansiinafidnassiinsgguuun 9 mm

HANNSVARALNTTANzNzaIRILAUUANNAN IEaTinNg R 304

6 /-\I

Stress(MPa)

1 //

0 . ‘

4] 20 40 60 80 100
Strain(%)

JUT 4.55 n3luanInanIsageun1siatsnzguadiumannalfatunse 304
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4.3 N19A199280LTATATNNINNIBNINTDITUIIUNINZNAUNINTNARBLIEN
ANN19039AAa U TANATININNIEN NI U WN T TR I uemann&n T5atin,
1 al 6 =3 & 1 v 6 o ng dl ¥ o v =K %
weluaanT st uazusudulaafueu musuouduwaun lanmua s Inetindlsyaiudiae
N9 Epoxy resin AMngU# 4.10 aziiudinisdsznuiudoadanaiamaaiu uazdansii
1iaiu arunsniamnlszauniulis 1snusessdasasiaguuuatindaiu ldifanisuaniu
pavsagsie ldifanasaniAulutiue taagiin 4.9 uansTiuanugiliuy S1-X30-C10
(MHUMANNABATNAIWIN 1 e, WHUAFNENTL98R119% 30 weild , weldulaasuan

AU 10 WHW) AINNUILRALTDILFATUIIUININLTENIU 1 cm (FoyaaniiRanngy

299587 UANIAT LA 4.5)

d' Y v Iy A a | I3 YUY a ° 1
E“U‘VI 4.56 LAAINTNATUVNUDIBUITUNTIENHARNAN LLNULW@ﬂﬂaniﬁUQJ 1UIU 1 LNU

I a6 [ & o 1 1 ¥ 3 [ 1 o w
LHUNANLDNDLTEIIUIU 30 LU LLﬁ%LLF\IuLﬁuIEJﬂTiUE]u%’WuUu 10 LU NUAINU

M15199 4.14 a5 1euansauTR TNz eI TEA s 1 Wi (WWATWITY 30.5 cm x 30.5 cm)

T1UATBITAA Yinuvin IErValoby ANTHAUILLIY
(9) (cm’) (g/em’)
ulumannan aiin 1.318 186.05 0.0070
ML R TGIN 0.014 0.0080 1.76
WHUARNENTLET 0.024 9.3025 0.0026
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4.4 HANNINAABLENAIENITEUATIIUIA 9 mm MU 5 WA AMNNIATFIU NIJO101.04
444 Funuinazgluuy udwmannanT5ain — wiudduidnaisd — uruidnly

AU

AMNNITNARDUEIFIUNTLAUATIUIA 9 mm AU 5 1A AINNIATTIY
NIJ0101.04la e d unwmannan l5auuduusudensfuntin wud1naueiuanuism
Arumiunszguld TaulumdanndnTiatin (uiuleny) arunsonganszquuazina189in
nazguliiuanls usildesanuaseandsuaaiannszquinlenzidinunvinlinaseng usn
unuiumannd Batin Annuguisssananganaliffanisuansenieduiannssaiaiu

b4 tdl 1Al e < Ly a tdl 1 o ! 1 o ¥ o 1 o
WUFRHUANT WU AN NTLee uaziiAN 1T BWANTWNWUAY sl liida nurundImzg
T n@enefinainazinanuguissanasialinaina wIuiuian Inalunsnem 4.6

TAUAASNANNINAADLENNINZHIUNTLAUTUIA 9 MM AU 5 1A W LB uRseAuLY

TUINU UAZANTNN 4.6, 4.7, 4.8 WAAINANNINAABLAENITAUAT InafsananTueu

' ]
= A

aanilu 3 ngu 1Hun nqud 1 Aegluuuldlfwsiuduloafuan nguin 2 Aegluuunldud
Wuloansueuanuan 5 weu uazngui 3 Asgluuunldudwdulaafuausaiuou 10 weu

waausazngulEauILLEWA AN ENgLeeiTn 10, 20 Uaz 30 WU ATNANAL

F15199 4.15 Nan1sVeEeudunsziunssauIUMuUTuOuwNumMaNna Satu - wiuildy

3 G4 1 £ s
WBNYLSY — Wuduloa1suou

sUunuauy udumanndnBatis - wiidudnasd - winduloaniueu
AINIEINIEAUIARE | HANITENNAGEL | TUIAANIREMETBIUGN
IWATUINY (m/s) nrq | linzg | Aaundnuede | sesyuiads

(cm) (cm)
Al S1-X10-C0 350 \/ 5.70 0.69
A2 S1-X10-C5 350 \/ 5.10 0.54
A3 S1-X10-C10 350 \/ 4.40 0.52
A4 S§1-X20-C0 350 \/ 5.50 0.64
A5 S1-X20-C5 350 \/ 4.60 0.56
AB S1-X20-C10 350 \/ 4.20 0.46
A7 S1-X30-C0 350 \/ 4.60 0.59
A8 S1-X30-C56 350 \/ 4.30 0.55
A9 S1-X30-C10 350 \/ 4.10 0.45
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NN FHLELANNAEMNENAIRINNNINARDLENATN B UULLININZNGNANARATN

o

WERAANNAN BBATINA1WIY 1 wei TFuHUNANLEND198Ta119% 10, 20 BAY 30 WL ANNAIAL

Walalfunudulaaiiueu wudmngluuuaiunsnfiiumiunismeane aaeanszguli 1

12 1 '
o

. A0y ° v a = . o A
FURIN WANAINLIIUENTe8an T uNN AN IHAAANNRLUIENULNBUAY LH8
NANTUIRINANHLR LV LN UNAIURUNTIZAT WL L T E LN WA AN nTLeela10w 10 LH

v ! v
o a o

ALTUNATBININZANTAWNINTUNTAAUNUNAY WA BN UIULNUAAN SN 98N

! v v
1 o A o

ATTILANBIWIANIINERNEANTBINTEAY 110 sz 8zUNIAAUNUUAINTUIALANAIUGIT

q

g Wizuanunududniaaademaiunie dagliainaisedh 4.7

AN3197 4.16 LAAINANITNAADUMIBNIZAUDIY VLI 9 mmIuu 5 dndienunsiade 350
m/s URUUTRNY wiumannanlSatu-wiuiaudnasd-winduloasuay

iﬁa%umu A1(S1-X10-CO0), A4 (S1-X20 - C0), A7 (S1—X30 - C0)

394 FUIUNDUEN FUINUNAIEN
(ANUUTN) Funtin (weuleng) ANUNAY RN
A1
A4
A7
O A g 8 e R s S
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NN FHLELANNAEMNENAIRINNNINARDLENATN B UULLININZNGNANARATN

welmannanBatindnuon 1wy Wukuidudngsdaiun 10, 20 uaz 30 WL ANAAL

T lduiuidulaa1iuauanuon 5 Wl WUIMNIURULAINITDANUNIUNITNEQNEANTDY
yrod &

nazauldlinduusn denaainussdenzasanszguinadinninliffiaaaudauna ey

PR LHANATUIRINANNLR L PN LN UNAIIAANTIZAEWLIN I atdTuadulaansuatlu

v
o 1 o ! =2 ¥

dl v = dl a 1a = a %
ANVNNUUAN aapaliiAnudavaninaluaniiaaad 1N WaANIAENEIT WL NS

= 3 A A o 1Al s < 6 o o ~
?ZEZ?QHQUN?IHW@L@ﬂﬂ\‘iLﬁJ‘ﬂLWN@?MQHLLNHW@NL‘ﬂﬂ"fﬂLﬁ‘ﬁlLﬂu 10, 20 kA 30 ANNANAL LND

Wheumeuiunguauanunidldiinsduwindulaaiuen Agliainmieh 4.8

FN5197 4.17 UAASNANTTVAABUMIBNIZAUIIITUIN 9 mm 911U 5 tn inn1udaade 350
Y 1 3 Y VY a 1oare < L3 1 £ 3 o &
m/s JUBUVTUNY wumannalsatu-wiuiaudnusd-winduloansuou saduau A2

(81 -X10-C5), A5(S1-X20 - C5), A8 (S1 - X30 - C5)

o a

994 FUINUNDLEN FUITUNAIEN

(ANUNTN) ANUNTIN (weiULlzne) ANUNAY AN

o

A2 - Stixford!

A2

A5

A8
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WHarinn1snFeuieuau@ennenasainniamaaa Ul iuuingsinanann
weimdnna Batinanuan 1wy Wuduidudngisdaiuan 10, 20 uaz 30 wlu ANRIAL

ToelusiuiduleAndueanuanuan 10wy WUdIMNIURLLAINITDAIUNIUNIIN AN AW LD

nazauldlanduusn avnuansneaidiulidandigduuuildudmdulanfuen 5 wiu Ae

1 v b

a A a < o \ o o v A \ @ VYo Aa & o
ﬂ')"]llL@EW]']EW]Lﬂﬂ“llu‘ﬂ'ﬂﬂ'ﬁ@@LLNuV@\?NLLU’JI’HNV}@mﬂQ@ﬂqQLMuVLmTﬂ ﬁ"ﬂﬂﬂ?LLmﬂVI NAUUN

v
IUIAAARY FINTNANNINTBIMgNL TNz uazTTazyUIaLEBNzRnTutiaaas Tnely

1
=

guuny A9 AR uauLNuAANIEnTIsduInNgauazuiuidnlaarfuaunInign Aaw
B AdglFiannmisnen 4.9

U

al dl a d’l = [~3 dl = o
mem‘wmmummmamﬁmmmﬂuﬂugﬂ_l YSHR

FN51971 4.18 LAASNANTINAADUMIBNIZAUIIITUIN 9 mm 911U 5 tn innudaade 350
Y 1 3 Y VY a 1oare < L3 1 £ 3 o &
m/s JUBUVTUNY wRumannalsatu-wiuiaudnusd-winduloansuou saduau A3

(S1-X10-C10), A6 (S1 - X20 —C10), A9 (S1 — X30 - C10)

3 k2
P FUINUNDUEIN FUINUNAIEN
(ANUTN) ANUNTN (WeuLlzng) ANUNA A1
A3
A6
A9
D W;’mxuux
-
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4.4.1.1 naredawauwsiuduleAiueunifeaunA NN NI IgNIAL T AN TBINGN

TuuNTzIUuuy uwmannaBatu— uluduenglesd— udwdulaafuan
m?mmmu?numumngﬂmewiumﬁﬂﬂﬁﬂ’émﬁu (U EN) W UNANLBNTLTE
> s . VI R & X 4 .
(Tuna1g) uaziedulaaFuou (LHWUAY) WaNANTUNTUIIUN AT, A2, A3 Bailunguees
FUINUNRANUIULHUAF A NTLee] 10 LHIYINAY BAaLANANWIBEBI AL AU LTI UAY
5 LHYW ANNANAL Lﬁm”mmmmmﬂ’fiwm@wquﬂmwﬁamﬂmiwmmu@qwm'f] YU A
v [~1 dl QI o 1 % e = o dl o

AINNINAZIANAY BN WIBHudWlaATue Tuanisineaiu Iednsvassassuuad
TUUNLIN Haurnanad e uuisudulaafusuduiuy 1Wenagaunguaes
T A4, A5, A6 T TUNNUDITUITUANITIRUNUAFNENTLE] 20 wHuwiniy e
ANUIULH AW AN TLAUTUIIUAY 5 WU ATNAIAL UATTWINU A7, A8, A9 Taiflunguuas

v

dld o 1 Aal e [~3 L ] 1 o QI o 1 % 'y ng
UWUNRAUIRUN RN ANLAND L9l 30 Wauwii TaeNuanwaEdW AT LA UTTUAY

=)

5 WHW ANNAIAL WUINHANNA NNl nzuuelTianas uazsrazsanyuanay Aagll

u

'
aa

1 4.11 wannaresduuLiudulea fuauninasauIAAINNAINTB I N LN ENE

WazglN 4.12  uAAINATa9ANWINLNLLEL A FUAUNNHATUAAINANTBIT UGN

HarasRauuLHudule A FausaTUI AR NN gL Ny JUuLLINIAREE

1 [ % 2 = [ =3 L 1 73 o
uRumannAN et - weuAduEnaed - wlwdulaaFuau

Mco Wcs [Mcio

6
... P

== | EeE

H (cm)

ANHNAMAN
w

X10 X20 X30
AU UL WA AN AL (Lel1)

JUN 4.57 uanaravesiuiuukudulasusuiaruinnun v UULHLUE Y
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HaTasdULHd Wl FuausaTIIARNEN JULLLNIR G

1 =3 % 2 - 1 SIS & Le 1 v -9
urvanna Batiy - uwuiduengsd - uwdwdulaansueu

Mco Wcs [Mcio

0.9

0.8

S

0.6

05 Bl !.%3
0.4

0.3

0.2
0.1

(cm)

q

ANNANTAN

X10 X20 X30

ATUALLNUA RN B NI (WKL)

JUN 4.58 wananavesduIukEuduleASUBuABNATUIAANENYDWUIIUNT I

1
A ¥

4.4.1.2 HATBSANUILLHUAANLENGLTNNFIUIAAIINNANTDINGNUATIUIAAINANTD
ng 1 < v v a 1 a6 [~ Ce 1 v 'S
NIz UuLLwHWAN AN T tn—eud udnasd-uiuidwlaa fuau
nInAgaLTNNWNzgUuLLLHWMANNAN Balln (uliutleny) ueuidudnmed
(Funa9) wazieiduloanduan (WHLUIAY) IWeNAITUNTWIWN A1, A4, A7 Faflunguues
v 1
Fuaunlu i nla a5 uauna i UL LEUN AN naLeeidu 10, 20 LAY 30 WHY
FNNATAL WUINTUIATBIAINNE N IBINNL TNz IAT Tz yURTasugN L neHaunALEN
1 =3 Y o dl o al o 1 a) [~3 s 1 dl o QI o 1 ¥
AU BT ALNANINIFAN AU UL U RN N135T WALHBNINIFANAN WBLH LA e
ANSUATIUAUIY 5 hHWwiNAwIae lEwH WA A e nTeTW 10, 20 LAY 30 LHWANNANALAY
v 1 1 v
T A2, A5, A8 WLNHBLANATWIULHUA SN IEN T auInTeangul ensisszaza N
% o =l [~3 v dl o al o ] %
NINUALILZEUANIUIAANNIALUILANAUANTEE WAZIHDNINITANATUIU LWL ]e
ANSUAULTU 10 wei Tae T uauNAN B NTmLaeT1 10, 20 kAT 30 LHWATNAIALAITWIN1 A3,
AB, A9 WL TUIAANNNANIRIANIRE U N LATaAwau T I un T Asunl agnay
o a v a Azll o dl [
sraIzgUANTaangN e HuuaTHNANRENNENANAS ANFUN 4.13 WAANHATDIAIUIL
WEUA SN TS TFIUIAAINNNANTDINGNUBLEULENE uaTIUN 4.14 LARINATDIRIUIY

WEUAR A NTLAUIAAINNANTITUNNUNTE



) (cm)

ANNNNANINAN

W (cm)

ANNANUAN

HAUAIRNUIUMUARNIEN T dfaraRun I gHRuzny gluuunsdniEes

1 =3 v 2 a 1 a) o < Ce 1 ¥ o
wHmANNEBatin - uiuASNEnaeed - wedulaansuey

M x10 B x20 H x30

6
., "N e

4 [ n__ s

Cco C5 Cc10

ausdulaATuen (W)

JUT 4.59 4anINaTEITILIUMLTIANBN S ERaULIAANUN IV IRNULLHLUZNY

AT UL UHANLE N TR ANAN JUMLILINATA RGeS

1 =3 b4 2 = 1 al o =3 Ce 1 b2 o
uHdnna et - uduifuEnaed - uiwdulaaniueu

M x10 H x20 [ x30

0.9
0.8

g -!- --‘ e

0.2
0.1

co c5 C10

audulaAnfua (a)

JUT 4.60 LanInave g UIUMNUTIAULE NS ERULINANENTBITUUNTIZ

14



78

4.4.2 Fuanunaygduuy wiuwanndntiatiu- udwduloarfueu- wdundndngsd

AINNINARDUEIAIUNTEGUATITUIA 9 mm A1UIU 5 1A ANNNIRTFIY
NIJ0101.04Tnaidukumannén atindundulznefnunii Gosadudanlneliivtmgule

¢ ai// ! Aﬂl 2 % 1 (=3 % Y oA
AFURULTUFUATINATY WLNNTUINUANIIDAUNUNTEAULE TnawiumannanTiatia
(wHuzny) arnsanganszquliuaziianeionszquliiuanlimilauduaruainni
U AN AN et dunans wiananateustlznzaasnsegunnadinnn lidueunmy
Hansuaniusedetuianissaiaiu uasin v uuiuiaainnam@aue (us 'l
|ay a al ai 1 o dl %

N£q) WATWINU B6, B8, BY TiifinAul@uuna Ll umuas 19199 4.10  lAuanananig
NAABLENININZHENITAUIUIA 9 mm AU 5 1A O UFUNANALLUTUIIULAZAN3 NN

4.11, 412, 413 DINUAAINANIINAADUAaNTTAUASS TnFaunauFueueantiy 3

A A i

ngu 1aun ngui 1 Aegluuuldlfudwdulantfuen nqun 2 Aagduuunlfurudule
ANFLBUIIUN 5 WU uazNgud 3 Angtluuui urudulea1fuenaiun 10 ulu udous

azngudanuBsiunaEnaLeeily 10, 20, 30 WL ATNATAL

AN3197 4.19 mansvedauBaunyeiunsrauUkuuTunuuRumanndFatu-unudule

s Ioa e [ s
ANTUBU-WNUNAULDNDLTE

sulunLAua wdiwdnndnBaia — whadulaaniueu - whildudnaad
iaTuY AINBINIEAY | NANTIEeNAGeL AAINLREMETBINGN
wht(mis) | nzg | iz | manunfhaede | semsuiedn

(cm) (cm)
B1 S1-C0-X10 350 \/ 5.70 0.69
B2 S1-C5-X10 350 \/ 4.60 0.50
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NIJ Standard-0101.04

NIJ STANDARD
FOR
BALLISTIC RESISTANCE OF PERSONAL BODY ARMOR

1. PURPOSE AND SCOPE

The purpose of this standard is to establish minimum performance requirements and test
methods for the ballistic resistance of personal body armor intended to protect the torso against
gunfire. This standard is a general revision of NIJ Standard-0101.03, dated April 1987, updating
the labeling requirements, acceptance criteria, test ammunition, procedures, and other items
throughout the standard.

The scope of the standard is limited to ballistic resistance only; this standard does not
address threats from knives and sharply pointed instruments, which are different types of threat.

2. NIJ BODY ARMOR CLASSIFICATION

Personal body armors covered by this standard are classified into seven classes, or types,
by level of ballistic performance. The ballistic threat posed by a bullet depends, among other
things, on its composition, shape, caliber, mass, angle of incidence, and impact velocity.
Because of the wide variety of bullets and cartridges available in a given caliber and because of
the existence of handloaded ammunition, armors that will defeat a standard test round may not
defeat other loadings in the same caliber. For example, an armor that prevents complete
penetration by a 40 S&W test round may or may not defeat a 40 S&W round with higher
velocity. In general, an armor that defeats a given lead bullet may not resist complete
penetration by other bullets of the same caliber of different construction or configuration. The
test ammunition specified in this standard represent general, common threats to law enforcement
officers.

As of the year 2000, ballistic resistant body armor suitable for full time wear throughout
an entire shift of duty is available in classification Types I, ITA, II, and IIIA, which provide
increasing levels of protection from handgun threats. Type I body armor, which was first issued
during the NIJ demonstration project in 1975, is the minimum level of protection that any officer
should have. Officers seeking protection from lower velocity 9 mm and 40 S&W ammunition
typically wear Type IIA body armor. For protection against high velocity 357 Magnum and
higher velocity 9 mm ammunition, officers traditionally select Type II body armor. Type IIIA
body armor provides the highest level of protection available in concealable body armor and
provides protection from high velocity 9 mm and 44 Magnum ammunition.

Type IIIA armor is suitable for routine wear in many situations; however, departments
located in hot, humid climates may need to carefully evaluate their use of Type IIIA body armor
for their officers. Types III and IV armor, which protect against high powered rifle rounds, are
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clearly intended for use only in tactical situations when the threat warrants such protection (see
app. C).

The classification of an armor panel that provides two or more levels of NIJ ballistic
protection at different locations on the ballistic panel shall be that of the minimum ballistic
protection provided at any location on the panel.

2.1 Typel (22 LR; 380 ACP)

This armor protects against .22 caliber Long Rifle Lead Round Nose (LR LRN) bullets,
with nominal masses of 2.6 g (40 gr) impacting at a minimum velocity of 320 m/s (1050 ft/s) or
less, and 380 ACP Full Metal Jacketed Round Nose (FMJ RN) bullets, with nominal masses of
6.2 g (95 gr) impacting at a minimum velocity of 312 m/s (1025 ft/s) or less.

2.2 Type IIA (9 mm; 40 S&W)

This armor protects against 9 mm Full Metal Jacketed Round Nose (FMJ RN) bullets,
with nominal masses of 8.0 g (124 gr) impacting at a minimum velocity of 332 m/s (1090 ft/s) or
less, and 40 S&W caliber Full Metal Jacketed (FMJ) bullets, with nominal masses of 11.7 g
(180 gr) impacting at a minimum velocity of 312 m/s (1025 ft/s) or less. It also provides
protection against the threats mentioned in section 2.1,

2.3 Type II (9 mm; 357 Magnum)

This armor protects against 9 mm Full Metal Jacketed Round Nose (FMJ RN) bullets,
with nominal masses of 8.0 g (124 gr) impacting at a minimum velocity of 358 m/s (1175 ft/s) or
less, and 357 Magnum Jacketed Soft Point (JSP) bullets, with nominal masses of 10.2 g (158 gr)
impacting at a minimum velocity of 427 m/s (1400 ft/s) or less. It also provides protection
against the threats mentioned in sections 2.1 and 2.2.

2.4 Type IITA (High Velocity 9 mm; 44 Magnum)

This armor protects against 9 mm Full Metal Jacketed Round Nose (FMJ RN) bullets,
with nominal masses of 8.0 g (124 gr) impacting at a minimum velocity of 427 m/s (1400 ft/s) or
less, and 44 Magnum Jacketed Hollow Point (JHP) bullets, with nominal masses of 15.6 g
(240 gr) impacting at a minimum velocity of 427 m/s (1400 f{t/s) or less. It also provides
protection against most handgun threats, as well as the threats mentioned in sections 2.1, 2.2, and
2.3.

2.5  Type III (Rifles)

This armor protects against 7.62 mm Full Metal Jacketed (FMJ) bullets (U.S. Military
designation M80), with nominal masses of 9.6 g (148 gr) impacting at a minimum velocity of
838 m/s (2750 ft/s) or less. It also provides protection against the threats mentioned in sections
2.1,2.2,2.3,and 2.4,

2.6 Type IV (Armor Piercing Rifle)
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This armor protects against .30 caliber armor piercing (AP) bullets (U.S. Military
designation M2 AP), with nominal masses of 10.8 g (166 gr) impacting at a minimum velocity of
869 m/s (2850 ft/s) or less. It also provides at least single hit protection against the threats
mentioned in sections 2.1, 2.2, 2.3, 2.4, and 2.5.

2.7 Special Type

A purchaser having a special requirement for a level of protection other than one of the
above standard types and threat levels should specify the exact test round(s) and minimum
reference impact velocities to be used, and indicate that this standard shall govern in all other
aspects.

3. DEFINITIONS

3.1 Angle of Incidence

The angle between the line of flight of the bullet and the perpendicular to the front
surface of the backing material fixture as shown in figure 1.

[<— ARMOR SAMPLE

BULLET LINE OF FLIGHT
BACKING MATERIAL FIXTURE ~

i

ANGLE OF INCIDENCE

\_ FPERPENDICULAR TO FRONT
SURFACE OF BACKING MATERIAL

FRONT SURFACE OF BACKING MATERIAL

Figure 1. Angle of incidence

3.2 Armor Carrier

A component of the armor sample or armor panel whose primary purpose is to retain the
ballistic panel and provide a means of supporting and securing the armor garment to the user.
These carriers are not generally ballistic resistant.

33 Armor Panel

The portion of an armor sample that generally consists of an external carrier and its
internal ballistic protective component(s) (e.g., the front and back panels).

34 Armor Sample
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One complete armor garment comprised of a single wraparound style jacket, or a set
(two) of front and back armor panels.

3.5 Backface Signature (BFS)

The depth of the depression made in the backing material, created by a nonpenetrating
projectile impact, measured from the plane defined by the front edge of the backing material
fixture. For armor tested on built up or curved backing material, the BFS is measured from the
plane defined by the top edges of the depression or crater formed by the impact.

3.6 Backing Material

A homogenous block of nonhardening, oil base modeling clay, placed in contact with the
back of the armor panel during ballistic testing.

3.7 Backing Material Fixture

A box fixture containing the backing material, typically comprised of a rigid frame
constructed of wood or metal with a removable wooden back. The wooden back is not used
during Ballistic Limit testing.

38 Baseline Ballistic Limit

The experimentally derived, statistically calculated impact velocity at which a projectile
is expected to completely penetrate an armor component (sample, panel or ballistic panel) 50 %
of the time (Vsp). This velocity is also the velocity at which a projectile is expected to be
stopped by the armor 50 % of the time (V).

39 Ballistic Panel

The protective component of an armor sample or panel, primarily consisting of ballistic
resistant materials, usually enclosed in a nonremovable cover. The ballistic panel is normally
retained within the armor sample or panel by a separate fabric carrier, and may be removable
from the carrier.

3.10  Certification of Compliance

Manufacturer’s affidavit (certification) that a production unit of body armor meets
(complies with) all of the requirements of this standard (sec. 4.0) for the labeled protection
classification (sec. 2.0).

3.11 Compliance

NIJ approval, after successful ballistic performance testing to this standard, of a body
armor model submitted to the NIJ Compliance Testing Program (CTP).
3.12 Compliance Test Group

A group of armor samples, either six, four, or nine complete garments, submitted to the
NIJ CTP for testing according to this standard (sec. 4.7).



3.13 Deformation

The maximum momentary displacement of the rear surface of an armor panel, caused by
a fair hit that does not penetrate the armor, when the armor is in initial contact with the backing
material.

3.14 Fair Hit

A bullet that impacts the armor sample or panel at an angle of incidence no greater than
+5 from the intended angle of incidence, no closer to the edge of the ballistic panel than 76 mm
(3.0 in) and no closer to a prior hit than 51 mm (2.0 in), at an impact velocity within £ 9.1 m/s
(30 fi/s) of the required reference test velocity.

A bullet that impacts the armor sample or panel at an angle of incidence no greater than
+5 from the intended angle of incidence, no closer to the edge of the ballistic panel than 76 mm
(3.0 in) and no closer to a prior hit than 51 mm (2.0 in), at an impact velocity less than 7.6 m/s
(30 ft/s) below the required reference test velocity which produces a penetration or an excessive
backface signature.

A bullet that impacts the armor sample or panel at an angle of incidence no greater than
+5 from the intended angle of incidence, no closer to the edge of the ballistic panel than 76 mm
(3.0 in) and no closer to a prior hit than 51 mm (2.0 in), at an impact velocity more than 7.6 m/s
(30 ft/s) above the required reference test velocity which does not produce a penetration or an
excessive backface signature.

3.15  Full Metal Jacketed Bullet (FMJ)

A bullet consisting of a lead core completely covered, except for the base, with copper
alloy (approximately 90 % copper and 10 % zinc). “Total Metal Jacket (TMIJ),” “Totally
Enclosed Metal Case (TEMC),” and other commercial terminology for bullets with electro
deposited copper and copper alloy coatings have been tested and are considered comparable to
Full Metal Jacketed (FMJ) bullets for this standard.

3.16 Insert

A removable or nonremovable unit of ballistic material which can be part of either the
armor or ballistic panel, which is utilized to enhance the ballistic performance of an armor in a
specific area (also known as “trauma packs” or “trauma plates™).
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3.17 Jacketed Hollow Point Bullet (JHP)

A bullet consisting of a lead core which has a hollow cavity or hole located in the nose of
the bullet and is completely covered except for the hollow point with a copper alloy
(approximately 90 % copper and 10 % zinc) jacket.

3.18 Jacketed Soft Point Bullet (JSP)

A lead bullet, also known as a Semi Jacketed Soft Point (SISP), completely covered,
except for the point, with copper alloy (approximately 90 % copper and 10 % zinc) jacket.

3.19 Lead Bullet
A bullet made entirely of lead, which may be alloyed with hardening agents.
3.20 Minimum Velocity

The designated NIJ Standard—0101.04 reference impact velocity (sec.5.4, table 1) less 9.1
m/s (30 ft/s).

3.21 Model

A manufacturer’s designation (name, number, or other description) that serves to
uniquely identify a specific configuration of body armor based upon the details of the ballistic
panel construction (i.e., the number of layers of one or more types of ballistic resistant material
assembled in a specific manner or the manner in which the armor is held in place upon the torso).

NIJ verifies the ballistic resistance of a model based on ballistic testing of model samples
in accordance with this standard. As an example, differences in stitching (e.g., box stitch versus
quilt stitch) would make the ballistic panels different models. If a model of armor fails
compliance testing, the manufacturer may never resubmit any armor under that model
designation.

3.22  Obliquity
The same determination of striking condition as “angle of incidence” (sec. 3.1).
3.23 Penetration

Complete Penetration (CP): The complete perforation of an armor sample or panel by a
test bullet or by a fragment of the bullet or armor sample itself, as evidenced by the presence of
that bullet or fragment (armor or bullet) in the backing material, or by a hole which passes
through the armor and/or backing material.

Partial Penetration (PP): Any impact that is not a complete penetration is considered a
partial penetration.
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3.24 Reference Bullet Velocity

The designated impact velocity of NIJ Standard-0101.04 test threat ammunition (sec.
5.4, table 1), obtained using specified ANSI/SAAMI unvented velocity test barrels.

3.25 Retest

The NIJ CTP procedure for resolving ballistic performance issues with NIJ Standard-
0101.04 compliant body armor models (sec. 5.22).

3.26 Round Nose Bullet (RN)

A bullet with a blunt or rounded nose. A bullet with a generally blunt or rounded nose or
tip, which possesses a small flat surface at the tip of the bullet shall also be considered a round
nose bullet for this standard.

3.27 Semi Jacketed Hollow Point Bullet (SJTHP)

A bullet consisting of a lead core with a copper alloy (approximately 90 % copper and
10 % zinc) jacket covering the base and bore riding surface (major diameter), which leaves some
portion of the lead core exposed, thus forming a lead nose or tip, which has a hollow cavity or
hole located in the nose or tip of the bullet.

3.28 Semi Jacketed Soft Point Bullet (SJSP)

A bullet, also known as a Jacketed Soft Point (JSP), consisting of a lead core with a
copper alloy (approximately 90 % copper and 10 % zinc) jacket covering the base and bore
riding surface (major diameter), which leaves some portion of the lead core exposed, thus
forming a lead nose or tip.

3.29 Strike Face

The surface of an armor sample or panel, designated by the manufacturer, as the surface
that should face the incoming ballistic threat.

3.30  Wear Face

The surface of an armor sample or panel, designated by the manufacturer, as the surface
that should be worn against the body.

3.31 Yaw

The angular deviation of the longitudinal axis of the projectile from its line of flight,
measured as close to the target as practical.



4. REQUIREMENTS

4.1 Acceptance Criteria

An armor model satisfies the requirements of this standard if all six armor samples (sec.
4.7) meet workmanship (sec. 4.3) and labeling (sec. 4.5) requirements and, when tested in
accordance with section 5.0, each component part of the armor sample (front, back, side, groin
and coccyx) meets the penetration and backface signature requirements of sections 4.6, 5.4, and
table 1.

Each submitted armor sample will also be tested to determine a baseline Ballistic Limit
velocity (sec. 5.17), to be used for any future NIJ retest examination of that armor model
(sec. 5.22).

4.2 Test Sequence

Tests shall be conducted in the order presented in section 5.0 of this standard. The
Compliance Test Report (CTR), found in appendix A, shall be used to record and document the
results of the tests.

4.3 Workmanship

Each armor sample shall be free from wrinkles, blisters, cracks or fabric tears, crazing,
chipped or sharp corners and edges, or other evidence of inferior workmanship. Additionally, all
samples shall be identical in appearance, size, and manner of construction.

4.4 Traceability

Manufacturers will submit along with their samples, or have on file with NI1J's CTP
Office, documentation of the method(s) they use to assure configuration control, uniformity of
production methods, and materials traceability.

4.5  Labeling

Each set or sample of ballistic resistant armor shall be durably and clearly marked
(labeled), in a readable type and font size, in accordance with the requirements set forth below.

4.5.1 Ballistic Panels

Every ballistic panel shall have a label. The label shall be permanently attached to either
exterior surface of the panel. The label shall contain the following information, written in the
English language (fig. 2.):

(a) Name, logo or other identification of the manufacturer.

(b) The rated level of protection, according to section 2.0 of this standard, and referenced to
this edition of the standard (i.e., Type II in accordance with NIJ Standard—-0101.04).

(c) Size (if custom fitted, provision for the name of the individual for whom it is made).

(d) Lot number.

122



(e) Date of manufacture.

()

Date of issue line (to be filled in by user).

(g) A model designation that uniquely identifies the panel for purchasing purposes (panels

designed to fit the male and female torsos shall have separate model designations).

(h) Strike face or wear face - the surface of the garment that is to face the threat or to be worn

(i)
0)

next to the body must be identified.

Serial number.

Care instructions for the ballistic material in accordance with 16 CFR 423 (Part 423, Care
Labeling of Textile Wearing Apparel and Certain Piece Goods, as amended effective
January 2, 1984; Federal Trade Commission Regulation Rule).

(k) For Type I through Type IIIA armor, a warning in type at least twice the size of the rest

(m)

of the type on the label, exclusive of the information required in “a” above, stating that
the armor is not intended to protect the wearer from rifle fire and, if applicable, that the
armor is not intended to protect the wearer from sharp edged or pointed instruments.
(Note: printing color changes are acceptable but cannot be substituted for the type size
requirement herein).

For armor that has been successfully tested for compliance to this standard through NIJ’s
voluntary CTP at an N1J-approved testing facility, the following statement shall be
included on the label: “The Manufacturer certifies that this model of armor has been
tested through NLECTC and has been found to comply with Type (insert appropriate type
designation) Performance for NIJ Standard-0101.04."

THE COMPLIANCE STATEMENT ABOVE SHALL NOT APPEAR ON ARMOR
THAT HAS FAILED NIJ COMPLIANCE TESTING, OR ON ARMOR THAT
HAS NOT BEEN TESTED FOR COMPLIANCE AS SPECIFIED BY THIS
STANDARD. ONCE AUTHORIZED TO PLACE THIS STATEMENT ON A
MODEL OF ARMOR, THE MANUFACTURER SHALL NOT ALTER OR
MODIFY THIS STATEMENT IN ANY WAY.
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MANUFACTURER’S NAME
MANUFACTURER’S ADDRESS

(Logo may be used)
PERSONAL BODY ARMOR
_________________________________________________________________________________]
SIZE: MODEL:
DATE OF MFG: SERIAL NO.:
DATE OF ISSUE: LOT NO.:

The Manufucturer certifies that this model of armor lias been tested through
NLECTC and has been found te comply with Type II Performance in accordance
with NIJ Standard—0101.04,

WARNING!

This Garment is Rated ONLY for the Ballistic Threat Level
Stated Above. It is NOT Intended to Protect Against Rifle
Fire, or Sharp Edged or Pointed Instruments.

THIS SIDE TO BE WORN AWAY FROM BODY

Care Instructions for Ballistic Panel: (Sample Instructions Shown)
1)Do Not Wash or Dry Clean

M VX jrrn T jbh o Thamn FMladh

Figure 2. Sample ballistic panel label

4.5.2 Armor Carriers with Nonremovable Ballistic Panels

Armor with ballistic panels that are nonremovable shall, in addition to the label required
for the ballistic panel, have a label on the carrier (fig.3) that is in conformance with the
requirements for the ballistic panels (sec. 4.5.1) unless the armor is so constructed that the
ballistic panel label is not covered by the carrier.

4.5.3 Armor Carriers with Removable Ballistic Panels

Armor carriers with removable ballistic panels shall have label(s) on either exterior
surface of the carrier. If the carrier is one piece (i.e., all parts are sewn together into one
garment) one label in conformance with the requirements of this section is sufficient. If the front
and back of the carrier are separable, the front and back parts shall each be labeled. The label
shall contain the following information (fig. 3):

(a) Name, logo or other identification of the manufacturer.
(b) A statement telling the user to look at the ballistic panels to determine the level of
ballistic protection.
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(c) Size (if custom fitted, provision for the name of the individual for whom it is made to be
filled in by user).

(d) Date of issue line (to be filled in by user).

(e) A model designation that uniquely identifies the garment for purchasing purposes (armor
designed to fit the male and female torso shall have separate model designations).

(f) For armors where the carrier extends beyond the ballistic panel more than 40 mm (1.5
in), the edge of the panel shall be clearly identified on the carrier by a label stating: “NO
BALLISTIC PROTECTION BEYOND THIS POINT” (fig.4), and a stitch line through
both sides of the carrier at this location to keep the ballistic panel from shifting within the
carrier.

(g) Care instructions for the armor carrier in accordance with 16 CFR 423,

MANUFACTURERS NAME

MANUFACTURER’S ADDRESS
(Logo may be used)

PERSONAL BODY ARMOR
|
NAME:
SIZE: MODEL:
DATE OF MFG: SERIAL NO.:
DATE OF ISSUE: LOT NO.:

This carrier offers no bailistic protection without ballistic panels being inserted.
See ballistic panel labels for protection level provided in accordance with
NIJ Standard —0101.04.

CARE INSTRUCTIONS FOR CARRIER:
(sample instructions shown — fo be provided by Manufacturer)

1) Remove Ballistic Panels from Front and Back of Outer Shell Vest (Carrier).

2) Ensure Hook and Pile Fasteners are in Closed Position during Washing Cycle.

3 Automatic Machine Wash the Outer Shell Vest (Carrier) Only, L'sln_g the
Permanent Press Cycle and Warm Water Settings (Approximately 120 F).

4) Use Low Sudsing Detergent According to Detergent Manufacturer’s Directions.

5) DO NOT USE BLEACH.

6) Carrier Only may be Tumble Dried at Medium Temperature Setting or may be
Line Dried.

T Carrier Only may be Dry Cleaned.

8) Carrier Must be Completely Dry Before Inserting Ballistic Panels.

Figure 3. Sample carrier label
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Add stitching Front Side
where armor ends

7
/]//f/l/.

777

AP} A2d
V
A
Armored area Armor overlap
Offers full side protection
Front Side

Add label on
non-armored closure

Armored area No armor everlap -
offers no side protection
in gap area

Side Closures Offer
No Ballistic Protection_f

Figure 4. Sample label locations
4.5.4 Armors with Built In Trauma Packs

For armor models that contain built in inserts or trauma packs, manufacturers must
submit a detailed diagram of the location of each trauma pack. If a manufacturer fails to notify
the NIT CTP Office of the existence of a built in insert or trauma pack and it is discovered during
testing, the test results for that model will be invalidated. The manufacturer may resubmit the
model for testing under the same model designation after resolving the lack of documentation
concerning the location of the insert or trauma pack.

4.6 Ballistic Penetration and Backface Signature Criteria

Each part of one complete body armor sample shall be tested for resistance to ballistic
penetration and backface signature (depth of depression in backing material) after wet
conditioning in accordance with the procedures in section 5.0. Complete penetration or any
designated depth measurement of BFS in the backing material greater than 44 mm (1.73 in) by
any fair hit (as defined in sec. 3.14) shall constitute a failure.



If any armor sample part fails at any time during compliance testing, data for that shot
shall be recorded and the testing continued until all required testing is completed. The detailed
test requirements are summarized in section 5.4, table 1. Type I, IIA, II, or IIIA armor designed
to include a removable insert for additional penetration or BFS protection over a localized area
of the armor sample or panel shall be tested without the insert.

4.7 Sampling
4.7.1 Types L IIA, II, and IITA

Six complete armors, sized to fita 117 cm (46 in) to 122 cm (48 in) chest circumference
for males and a 107 cm (42 in) to 112 cm (44 in) chest circumference for females, shall
constitute the compliance test group. Five of these armor samples shall be selected at random
from the group and used for ballistic testing. Four armor samples will be used for Penetration
and Backface Signature testing (sec. 5.4), and one armor sample will be used for baseline
Ballistic Limit determination (sec. 5.17). The remaining armor sample will be returned to the
manufacturer if not used in the ballistic testing.

4.7.2 TypeIll

Four complete armor samples, or panels, no smaller than 254 mm x 305 mm (10.0 in x
12.0 in) shall constitute a compliance test group. Two of these armor samples shall be selected
at random from the group and used for the testing. Two armors will be used for Penetration and
Backface Signature testing, and at least one armor sample will be used for baseline Ballistic
Limit determination (sec. 5.17). Any remaining armor samples will be returned to the
manufacturer if not used in the ballistic testing.

4.7.3 TypelV

Nine complete armor samples/panels/inserts, no smaller than 203 mm x 254 mm (8.0 in x
10.0 in) shall constitute a compliance test group. Eight of these armor samples shall be selected
at random and used for the testing. Two armor samples will be used for Penetration and
Backface Signature testing, and at least six complete armor samples will be used for baseline
Ballistic Limit determination (sec. 5.17). Any remaining armor samples will be returned to the
manufacturer if not used in the testing.
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4.8  Armor Backing Material

4.8.1 Backing Material Fixture (BMF)

A minimum of three Backing Material Fixtures filled with appropriate backing material
are required. The inside dimensions of the BMF shall be 610 mm x 610 mm x 140 mm *2 mm
(24.0inx24.0inx 5.5 in £0.06 in) deep. The tolerance on all dimensions will be 2 mm
(0.06 in).

The back of the fixture shall be removable and constructed of 19.1 mm (0.75 in) thick
wood or plywood.

4.8.2 Fixture Construction

The sides of the box fixture shall be constructed of rigid wood or metal, preferably with a
metal front edge to reliably guide the preparation of the flat front surface of the backing material.
The backing material shall be worked into the fixture (box) with as few voids as possible. The
backing material surface shall be cut, “struck,” or otherwise manipulated to result in a smooth,
flat front surface even with the front edges of the box fixture.

4.8.3 Backing Material

It has been determined that Roma Plastilina No.1" oil-based modeling clay is acceptable
for the backing material application. In the interest of conformity only, it is being specified as
the designated backing material for all NIJ Standard-0101.04 Body Armor Compliance Testing.
This material is available from art supply stores.

4.8.4 Backing Material Replacement and Identification

Clay used as backing material in NIJ Compliance Testing shall be replaced on an annual
basis as a minimum, and the replacement date shall be recorded on the backing material fixture.

4.9 Test Surveillance

NIJ representatives may witness compliance testing at any time. NIJ or its designated
representatives shall be afforded the opportunity to examine the range and test setup before
beginning any new series of compliance testing. The manufacturer shall inform NIJ CTP
personnel of the intent to test at least two weeks before the start of testing.

!The use of brand names in this dard does not 1 d by the U.S. Department of Justice; National Institute of
Justice; U.S. Department of C: e; National Insti of Standards and Technology; Office of Law Enforcement Standards; or any other
agency of the United States Federal Government, nor does it imply that the product is best suited for its intended applications .
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MANUIN A.
LA ANIINaLa Liudulaasuay - TWwas aum 160 g/im?

91N Toray Carbon Fibers America, Inc (CFA)

TECHNICAL RAYCA
OATA SHEET L2,

sl 7300 DATA SHEET

Baseline carbon fiber used In 3erospace applications, Has 30 year production history
and Is known for ils balanced composite properties, high quality, consislency,
raliability and supplyability.

FIB8BER PROPERTIES

English Metric Tost Mathod

Tensile Strength 512 ksl 3.530 MPa TY-0308-01

Tensile Modulus 33.4 Msi 230 GPa TY-0308.01

Strain 1.5 % 1.5 % TY-0308-.0%

Density 0.064 tbs/in? 1.76 giem? TY.0308-02
Flament Diameter 2.8E:04 iIn 7 ym

Yield X 22.568 t/ibs 66 ¢/1000m TY-0308:03

3x 7.523 1vyins 198 ¢/1000m TY-0308-03

6K 3.761 f1t/1ds 396 9/1000m TY-0308-03

12% 1.862 fnt/ibs 800 g/1000m TY-0308B-03

Stzing Yype 40A, 408 L ) 1Y-0308-05

& Amount 400 0.7 % 1Y-0308-05

50A, 50B 1.0% TY-0308-0%

Twist Twisted, Untwisted, or Never twisted

FUNCTIONA AL P ROPERTIES

CTE -0.41 00°%C
Specitic Heat 0.18 Cavg'C
Thermal Conductivity 0.025 Cat/iems 'C
Electric Resistivity 1.7 x10Qcm
Chemical Composition: Cardben 93 %

Na+ K <50 ppm

C OMPOSITE P ROPERTIES

Tensile Steangth 270 k%1 1,860 MPa ASTM D-3039
Tensile Modulus 20.0 Msi 135 GPa ASTM D-3039
Tensite Strain 1.3 % 13 % ASTM D-3039
Compressive Strength 218 ksi 1,470 MPa ASTM D-8%5
Floxural Strength 260 ksl 1,810 MPa ASTM D-790
Flexural Modulus 18.0 Msi 125 GPa ASTM D.780
ILSS 14 ksi 10 kgt/mm? ASTM D-2344
90' Tensile Strangih 11.0 ksi 76 MPa ASTM D-3039%

* Yoray 250°F Epoxy Resin, Normaitzed to 0% tider valeme

TORAY CARBON FIBERS AMERICA, INC.
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1300

COMPOSITE PROPERTIES'"''

TensHe Strength 255 kst 1,760 MPa ASTM D-3039
Tensie Modulus 19.5 Msi 130 GPa ASTM D-3039
Tensie Strain 1.3 % 1.3 % ASTM D-3039
Compressive Strength 230 ksi 1,570 MPa ASTM D-695
Compressive Modulus 18.5 Msi 125 GPa ASTM D-695
In-Plane Shear Strength 14 ksi 98 MPa ASTM D-3518
ILSS 15.5 ksi 11 kgt/mm?  ASTM D-2344
90" Tensile Strength 11.5 ksi B0 MPa ASTM D-3039

** Teeay Semi-Toughened 350°F Epoxy Resin, Nermalized 10 60% fiber volume.

See Section 4 for Salely & Hasding miormation. The abbve properiies do aal constilute My warrasly or guaraniee of valuss.
These valyes are lor material saloction peeposes only, For applications requiniag guaranieed vadues. contact ewr sales and technical team
10 es1ablish a matersal specificaton documeot,

PACKAGING
The 1able below summarizes the tow sizes, twists, sizing types, and packaging avallable
for standard material. Other bobbin sizes may be available on a limited basis.

A 40A, 50A 1.0 Y 94 99 320 135 260 15 15
1K A 40A. 50A 1.0 n 76 B2 192 132 156 16 16
8 508 1.0 u 76 82 192 132 156 16 16
K A 40A, 507 2.0 " 76 82 192 157 156 12 24
8 408, 508 2.0 " 76 82 192 157 156 12 24
6K A 40D, 50A 2.0 n 76 82 192 157 156 12 24
8 40D, 508 2.0 n 76 82 192 157 156 12 24
12K A S0A 4.0 n 76 82 192 204 156 6 24
8 508 4.0 " 76 B2 192 204 156 6 24
T Twist A Twisted yaen B UMWRISE pare made VO & Iwisled yars Ihenugh AN Uninialing peocess

2 oenbin Type Ser Diagiam Deliw

-
"]l
|
|
T+l
—a—
o)
)il
5
Fl
L
i 3

TORAY CARBON FIBERS AMERICA, INC.
6 Hutton Centee Drive, Suite #1270, Sania Ana, CA 02707 TEL: (714) 431-2320 FAX; (714) 4240750
Sales@Toraycla.com Techaical@Torayclacom www lorayssa.com
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NARWAN 3.
AR TIa9TaRTiARA1e dusUN1sALATIZIALAE Finite Element Method

1.1 MFUAAIAAITITEATDY Steel AMFUNSILATIERAEAE Finite Element
Method

Properties Value Units
EOS Shock -
Density 7.89 g/cm3
Gruneisen Coefficient 217
Parameter C1 4569 m/a
Parameter S1 1.49 -
Strength Johnson Cook -
Shear Modulus 8.18e7 kpa
Yield Strength 3.6e5 kpa
Hardening Constant 1.244e6 kpa
Hardening Exponent 0.72 -
Thermal Softening 3.2525 -
Strain Rate Constant 0.023 -
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3. 2 AT NUARIAIAITITRRLRILH WAL lEAMTUEY INTUNNSIATIZNALLAE
Finite Element Method

Properties Value Units
EOS Puff -
Density 1.29 glem®
Gruneisen Coefficient 0.35
Parameter A1 8.21e6 m/a
Parameter A2 7.036e7 -
Parameter A3 0 -
Strength Vonmisses -
Shear Modulus 3000000 kpa
Yield Strength 300000 kpa
Expansion Coefficient 0.25 kpa
Sublimation Energy 8.23e6 kpa
Hardening Exponent 0.72 -
Thermal Softening 3.2525 -
Strain Rate Constant 0.023 -
Reference Temperature 0 -
Specific Heat 0 -
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[ o 1 ajd (=3 d o LY a d v aa
4.3 mmmmmmmmﬂqmmuwuﬂauL'anmsﬂ KANNTUNIFIAILATITVIRNIILAG
Finite Element Method

Equation of State

Ortho

Reference density

9.15000E-01 (g/cm3)

Stiffness

Engineering constants

Youngs Modulus 11

3.62000E+06 (kPa )

Youngs Modulus 22

5.11000E+0Q7 (kPa )

Youngs Modulus 33

5.11000E+07 (kPa )

Poissons Ratio 12

1.30000E-02 (none )

Poissons Ratio 23

0.00000E+00 (none )

Poissons Ratio 31

5.00000E-01 (none )

Shear Modulus 12

2.00000E+06 (kPa )

Shear Modulus 23

1.92000E+05 (kPa )

Shear Modulus 31

2.00000E+06 (kPa )

Material axes

|-J-K Space

Rotation angle about 11 (degrees)

0.00000E+00 (none )

Volumetric response

Shock

Gruneisen coefficient

1.64000E+00 (none )

Parameter C1

3.69890E+03 (m/s )

Parameter S1

1.30000E+00 (none )

Parameter Quadratic S2

0.00000E+0Q0 (s/m)

Relative volume, VE/VO

0.00000E+00 (none )

Relative volume, VB/VO

0.00000E+0Q0 (none )

Parameter C2

0.00000E+00 (m/s )

Parameter S2

0.00000E+0Q0 (none )

Reference Temperature

2.93000E+02 (K)

Specific Heat

1.85000E+03 (J/kgK))

Thermal Conductivity

0.00000E+00 (J/mKs))

Strength

Orthotropic Yield

A1

1.60000E-02 (none )




A22 6.00000E-04 (none )
A33 6.00000E-04 (none )
A12 0.00000E+00 (none )
A13 0.00000E+0Q0 (none )
A23 0.00000E+00 (none )
Ad4 1.00000E+00 (none )
A55 1.70000E+00 (none )
A66 1.70000E+00 (none )

Eff. Stress #1

1.48000E+03 (kPa )

Eff. Stress #2

7.00000E+03 (kPa )

Eff. Stress #3

2.70000E+04 (kPa )

Eff. Stress #4

4.00000E+04 (kPa )

Eff. Stress #5

5.00000E+04 (kPa )

Eff. Stress #6

6.00000E+04 (kPa )

Eff. Stress #7

8.00000E+04 (kPa )

Eff. Stress #8

9.80000E+04 (kPa )

Eff. Stress #9

2.00000E+05 (kPa )

Eff. Stress #10

1.00000E+06 (kPa )

Eff. Plastic Strain #1

0.00000E+00 (none )

Eff. Plastic Strain #2

1.00000E-02 (none )

Eff. Plastic Strain #3

1.00000E-01 (none )

Eff. Plastic Strain #4

1.50000E-01 (none )

Eff. Plastic Strain #5

1.75000E-01 (none )

Eff. Plastic Strain #6

1.90000E-01 (none )

Eff. Plastic Strain #7

2.00000E-01 (none )

Eff. Plastic Strain #8

2.05000E-01 (none )

Eff. Plastic Strain #9

2.10000E-01 (none )

Failure

Orthotropic Softening

Tensile Failure Stress 11

1.01000E+20 (kPa )

Tensile Failure Stress 22

1.15000E+06 (kPa )

Tensile Failure Stress 33

1.15000E+06 (kPa )

135



Maximum Shear Stress 12

5.75000E+05 (kPa )

Maximum Shear Stress 23

1.20000E+05 (kPa )

Maximum Shear Stress 31

5.75000E+05 (kPa )

Fracture Energy 11

7.90000E+02 (J/m2)

Fracture Energy 22

3.00000E+01 (J/m2)

Fracture Energy 33

3.00000E+01 (J/m2)

Fracture Energy 12

1.46000E+03 (J/m2)

Fracture Energy 23

1.46000E+03 (J/m2)

Fracture Energy 31

1.46300E+00 (J/m2)

Damage Coupling Coefficient

0.00000E+00 (none )

Erosion

None

Material Cutoffs

Maximum Expansion

1.00000E-01 (none )

Minimum Density Factor

1.00000E-04 (none )

Minimum Density Factor (SPH)

2.00000E-01 (none )

Maximum Density Factor (SPH)

3.00000E+00 (none )

Minimum Soundspeed

1.00000E-06 (m/s)

Maximum Soundspeed (SPH)

1.01000E+20 (m/s )

Maximum Temperature

1.01000E+20 (K)
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1.4 MITNRANIANAINIANTDINTTRULIU (AZNT , NDUUADI) FINTUNITIATIZN

M85 Finite Element Method
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Properties Lead Value | Brass Value Units
EOS Shock Shock -
Density 11.34 8.93 glem®
Gruneisen Coefficient 2.7 1.99
Parameter C1 2051 3940 m/a
Parameter S2 1.46 1.489 -
Strength Vonmisses Vonmisses -
Shear Modulus 5600000 45000000 kpa
Yield Strength 5000 70000 kpa
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