19 A = ) o A <3 ~ o o
MINAUUATOINALTIN0Y F1HSVUUEN1I M16 Lag M16A1 ﬂﬂﬁgﬂ']ﬂ']ﬁ&luﬂ@\imwj_]ﬂulﬂﬂ

(Y a A [ a [ a a § g 1 5
raueARaIMAINIds NUNIINNAIATUATUNT] T3al il ud N IaYeINISANE
AWHANZATINNTTUMAATUMT UG §19135IAINTTUIATOINA

NOYHNIAY 2553



19 A = ) o A <3 ~ o o
MINAUUATOINLTIN0Y F1HSVUUEN1I M16 1ag M16A1 ﬂﬂﬁgﬂ']ﬂ']ﬁ&luﬂ@\imwj_]ﬂulﬂﬂ

(Y a A [ a [ a a 4 <3| ' %
raueARaIMAINgds NUMIINNAIATUATUNT) T3al tialfudIuraveansfny
AWHANZATINNTTUAMAATUIT UG 10131 IAINTTUINTOINA
WOHAIAY 2553

4

a a a g a [ a a
avaniiuveawmIneaeasTUATUNT I 15al



19 A = ) o A <3 ~ o o
MINAUUATOINLTIN0Y F1HSVUUEN1I M16 Lag M16A1 ﬂﬂﬁgﬂ']ﬂ']ﬁ&luﬂ@\imwj_]ﬂulﬂﬂ

1T o A A [ a [ a a i g 1 %
[UABLINNAING IR WHIINNIABAS UATUNT] LA il udIunTaeInsAny
AWHANZATINNTTUAMAATUIT UG 10131 IAINTTUINTOINA

NOYHNIAY 2553



v o J v v A o § ) o <
FYIAU ﬂﬁEUfJi')'J\if;{. (2553). ﬂ75WWJ”7£ﬂ§@\7W§!!5\7098 ﬁ7W§ﬂﬁu1ﬁﬂﬂ7?M]6!lﬁg MI6A1

{ o o =) a 4 a 4 Y Aa A [V
fitlszdims lunearinun Tne S aantinus 8. GANTTUATEINA). NFINN: VUNAING1aY
J a

UMINGTADAE UATUNTI 501 AIZATIUMIAILAN: AB0MEATIN50 A3.gmTmi A33ay,

] 4 Av W
ﬁ:j“ﬁ?ﬂﬁWﬁ@]ﬁ’]%’lﬁﬂ AT.NTY DHYNIND.

4
Aauv A

| Jq Ya o J a 4 ..
ausetilumsdszgnaldasmsaauun Il ludwamud (Finite Element Method)
o @ { a a I
11;mimu’JmLL‘N@uﬁmﬂmﬂmimﬂmaﬂﬂn LYY M16 tag M16A1 ﬁ?ﬂﬂﬁgﬁ:u‘%}’ﬂlﬁﬂ LYY M200
4 o 1 4 ~ 4 a & a &g
HONTZMABIATBINILTIN08FIAAAIUT N Uaevesaonaauas ellmﬂumﬂﬂn M16 1ag M16A1

A ~ A a Aaq Y - .
Iﬂﬂ@@ﬂlﬁ_l‘lllﬂi@\TV]'J!Li\iﬂaEﬁnﬂ!ﬂ5’E’]\ﬁ/]')!lj\‘lﬂ@81/]llqufagclUﬂ@QWWUﬂhlﬂﬂslUIﬂ5Llﬂil| Solid Works

a 4

Y o Ay v o ¥ ¢ o o 1 o A o 1 A a o
Llaju’lllllllﬂhlﬂ N1ﬂ1u3m1ﬂﬂi%1wquﬂl@aluu@ A1 ITUAMIIAUNIZNTENINBIATOINILIIDDYIUU

[

9 Y Y { o { A -4 a < Y]
Gl“]ffﬂ']ﬂ"]]@yja"ua\jﬂaQﬂWUﬂ!ﬁﬂjﬂULﬁ\iﬂu%Lﬂﬂsﬁuﬂ]@Qﬂ’ﬁﬂ\‘lﬂulaﬂﬂ’]a U M16 tag M16A1 918

9 % 1 @ { a .
NILAUFOUTU LUV M200 Fadinwsssuiina Uszanal 52,000 psi

' P
A A

] v 9
WANIIIINLI m%m’iuimaﬂﬁaammuﬁu FNIDNUADLIIAUN ﬂﬂﬁumﬂﬂﬁaﬁ

Qe

&g Y ) v o Ay Y o g
ﬂu!ﬁﬂfﬂ’) wyUy M16 1ag M16A1 maﬂszqu%mu wyy M200 hlﬂ Tﬂﬂuumum”l@uu ‘JJ"I‘VHL‘].]‘L!

n3osdunuu IdeinmanaasseenuuuluTisunsy Solid Works dafinasiildasnvenszgu
9 Aa 9 3 a v o = o Y o Ay <3
Fousunuy M200 Mo ludniuRamsaadresn Fazilinseumshnuvedtubned
M16 ag M16A1 ATUaNY5al
PV ¢ ] 4 9 4 = Hq Yo a

HanN1339el 11130 15 1uMIeRNUDLIATEIAUIDUVYBAUATOINILTI008N 1FNUNITE
A <3 9 9 9 a =\ A A
Yudne1n wup M16 waz MI6AT AIWNTZAUFONTY HUD M200 Iaauvswazllse@niam
A

A ) ]
gaiuluewiaaiu eusarhldndanieaniusoeaiionanaielinumileniag aelunesin

=

Y o ™ A a Yo A £~ A
‘]J’E_Jﬂuhflflhlﬂ lLagu']llﬂwmunﬂiaﬁﬂjlliqa@‘(’.W] %ﬂﬂﬂutaﬂﬂ']'J MI16A2 1lag M16A4 BIULNUNIS

hulsgdrinmslunesiwun Ineeas T

fdnny (Keywords) : 1309031159008 aonaauay nIzgqudousy



DEVELOPMENT OF THE BLANK FIRING ATTACHMENT FOR RIFLE M16 AND M16A1
SERVICE IN THE ROYAL THAI ARMY

AN ABSTRACT
BY

CHAIWAT KRATSANAIRAWIWONG

Presented in Partial Fulfillment of the Requirements for the
Master of Engineering Degree in Mechanical Engineering
at Srinakharinwiroj University

May 2010



Chaiwat Kratsanairawiwong. (2010). Developing of the Blank Firing Attachment for Rifle M16
and M16A1 Service the Royal Thai Army. Master Thesis, M.Eng. (Mechanical Engineering).
Bangkok: Graduate School, Srinakharinwirot University. Advisor Committee: Asst. Prof.

Dr. Jutarat Kurujareon, Asst. Prof. Dr. Pichai Asadamongkon

This research was an application of Finite Element Method to calculate pressure created by
firing rifle type M16 and M16A1 with blank cartridge M200. The pressure will be measured by blank
firing attachment which was installed at the tip/end of the Flash hider. The blank firing attachment
was developed from the present blank firing attachment, which was using by The Royal Thai Army,
redesigned using Solid Works program. The model created was recalculated using Finite Element
Method. The pressure data used was from the Royal Thai Army firing data of rifle type M16 and
MI16A1 with blank cartridge M200 which was 52,000 psi.

From the research, the designed blank firing attachment was able to withstand the pressure
created by firing of rifle type M16 and M16A1 with an M200 blank cartridge. The model was again
redesigned using Solid Works program to be able to eject the cartridge automatically which make rifle
type M16 and M16A1 working in a complete cycle.

The result of this research was success with the rifle type M16 and M16A1 with an M200
blank cartridge In the future, it could be produced and distributed to the others department, and

developed for rifle type M16A2 and M16A4 which were planned to be used in The Royal Thai Army

Keywords : Blank firing attachment / Flash hider / blank cartridge
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6.3 MINAADUANNUUMLUUIANDT (Vickers Hardness Test) NTNATDULLUL
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1. MIuuengNAoaiy (Discrimination of the continuum) ADMILUAENTUIIU
<3| a J QaJJ Qy ~ aa A 4 <3| A 1 A
poniueamuAgas) aapaNaruay Tunsdl 2 Napamudoazdluamumagy nguueIaINas
A = = A A ] a o A aa
n3eglamasy muilsznau 13 uaaaginsusvindianmiailueamudunuamagy 2 16
2. ﬂ”l'ilﬁi’)ﬂgﬂu‘]_mﬁllﬂﬂmiﬂiz%ﬂ (Selection of the displacement models)

a 4 a J < I . . Y o o
3. MINUDAUNUALUNNTNFANULUUUNT (Element stiffness matrix) Tﬂﬂi“ﬁﬂaﬂﬂ”ﬁ!ﬁjiwu

(Variational principle)

[kI{}={F} )

4. RUMINTADANUTZNAUTNAIUNUEATUFIWLENNGDLIAAINUNIRNA

[kKIU}={R} 3)
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A A (] a 4 A aan
amilseney 13 E‘].]V]i\‘llﬁ"lﬂﬂﬂ!WﬂLL‘]J\?L‘]JuLﬂaLNu@]LlU‘Uﬁ"ﬁJLWaﬂM 2 4§

5. 3maud ldmsumInse %ﬂﬁuliji)ﬂ'”l (Solution for unknown displacements)

[ a J { v W o o A 1
6. ﬂﬁﬂTM'JﬂlsUl’iNLﬂﬁLNU@ﬂ?WNLﬁHLLﬁ%ﬂ?WNLﬂ?ﬂﬂﬁ@]i\iﬂuﬂ‘ﬂﬂ'ﬁﬂ'lu')ﬂ!ﬂWﬁﬂﬁzﬂﬂﬁﬂﬂﬂ@

9% ' 1 1 A VoA T w Y . . v
AIDYNULU %Nﬂwquﬂ"lwm%u (Simple elastic) anuAan sy (Plane stress)

= . = z a d o dy
ANUATEA TUTZUL (Plane strain) NUYUADUNITUATIEH ANU

' Qy [ a J o a 4 o ..
1. uierunuiweawua awdgaslunmilsenou 13 wamua e NHUAYA 1, ],
s o
mcﬁuﬁuﬂmmmmﬂmﬁjumﬂ

° o A £ a s J 7 v
2. ﬂ'l’l’iu@ﬂﬁﬂigi]ﬂﬂﬂ@iﬂi}ﬂuﬂﬂ’]ﬂiu!@ﬁmuﬁ Lﬂunﬂmaﬂuumﬂaauu (Column
Vector)

S

0.
{F}=INISY =IN:N )N,y @
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- v & A 9 o
GlUﬂﬁﬂlsll@\jﬂ'J']NLﬂuﬁluﬁgu'lﬂ (Plane Stress) Cﬁﬂllﬂuﬂ1ﬁlﬂﬁaua’]ﬂiuuu’l@m

uaziuIueUveIgAMe lue AU

(- {u(x, y)} 5

v(x,y)

[
=1

MINTZIA (Displacements) N9 i
u.
{01}:{ } (6)
Vi

J v | @ { 1
landu N, N, N, lumsnszdavesyaimingay launsnluaums @)

g s
Tunsal N(x,y) = I (Identity matrix) 1182 N(x_, y.) = 0 Fuilu llamilasidu
Faduingauved x uaz y

3. nlasumanszsanmeluedmudidn 1 luanuas sa lagldanudunusiialy

= Y ¥ W J a Jd . .
L"UﬂuiuﬂWi%ﬁ%‘U‘Uﬁiyﬂﬂ]&lﬂﬁl@\um‘ﬂﬁﬂcﬁ (Matrix notation)

& =le}=[BlsY @

9 o = . A 7 =
dwmsuanunIealuszu (Plane strain, { & } ) A9 LIANDIANUIATYA

(8)

Q||

Vxy ou  ov

oy oX

a Jdo < ¢ o o o o
[B] ﬁmmm NI TUIULEN (Set ofnumber) Gﬁﬂ’dhwu‘ﬁﬁﬁlﬂ’ﬂuméEJﬂﬂ“]Jﬂ1§ﬂi$i]ﬂ
[] o [ { 1 z % o ] 1 a 4
1¥U bi = Yi—Ym mmumﬁmmmumﬁﬂummu uazmﬂm A LLTIHG]'ILLWH\‘I’(,T’JH“]JEHEJGUENLEJQ!JJL!G]

=
[RFVNTIG Y
ou bu;+byu; +bu,
E =—=
0, 2A

©
Y dy A a J P~ =
u=N1INITIA UASWUNUDUDALUUATINIHAIUAD

A=XY, + XY XY = (XY + X Y + X Y5) (10)
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[B] Aeuum3ngni1 Idaums (7) deiladdu N, N, N, 1ddmuainlg
4. nlasuanunsoa lidunnudunmzuna (Local stress) 1agld
{o}=[DHe} (11)

A 9 Y] [ L4 [ 4 . .
maiumﬂmzuumﬂmﬂymmmmmauym (Equivalent notation)

o=De¢ (12)
nsdinnunsealussnuyndangude 7 , 7 uaz €,=0,G=E/2(1- v)
aunsnleuaumsla
E Ev

o, =1—V2 gXX+1—V2 £, +0 (13)

(14)

=0+0 E

7, =0+0+ 20-V) Exy (15)

~ ] v W s a o 5 A A
weoulums sy WANHUUDAULUNTNY (Matrix notation) mﬂgﬂﬁmmi 2 nu
fviua {1, [D], uay {} a1

E Ev 0
o, 1-v? 1-v?
Ev E
c=<0, = 0 (16)
Y 1-v? 1-v?
o-X
2(1-v)

v { o ! { a 4 '
[D] Ao Anshvesidgimunzauiussy luuunsndnsdangy (Elasticity matrix)

] ' @ ' @ [
wunne mlngaamsdangu (B) wazdasamilwes (v) unulu [D]

1V 0
D=[D]:1EV2= Vi o0 (17)

o w

] 3 a ] A 1 ~ ) [ =l A
3ﬁﬂlﬂu"laimmﬂﬂﬂmwﬂﬂgu qUNMINA ﬂJuﬂ'"Iﬁi‘Uﬂ'J']illﬂﬁ‘(’Jﬂﬁluﬁzu']U o

_ O-x VO'y VUZ

18
E E E =

“TETE TE 1
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Vo
= JEZ +—VZX +—Ey (20)

udaums 29) udnhi o, unuluaums (18) uag (19) ldaums - ¢

A g ~ a A
LWLV ﬁllﬂ'lﬁﬂ'ﬂlllﬂiﬂﬂlu‘JZUT]J?,lJ!LlJ‘VﬁﬂG]f o

1 =Y 0
X 2 1—V O-x
1-ve | —v
E=16&, p= R 1 0 o2 21
y E |1-v Y @)
gxy 0 O 2 z-xy
1-v
Tumandunuag1d
o, . 1-v v 0 &y
=10, f= 1-v. 0 et (2
A+v)d-2v) (1-2v)
Z-><y 0 A Xy
2

4 v

Y
HARNIAS IATUNUT AUMINTZIANNAUMST (7) SaTUANMAUTINTDTURUT

AUMINTLIAMUETUMTULNS N

{o}=[B]Dls}* (23)

5. AMUALTIVDUOANUANNMINTZIA AuyATIUN usalinnmuduiusiFadu
ﬁumiﬂiz%ﬂﬁauﬂmﬂﬁﬂugﬂ%aaﬁ@mju (Elastic) TWusaasadntlansveuedmud e Tummwilsznen 13
U, fie msnsiadadu anudusiuiveausuagmsnszia fo

{f'}=[CHu} (24)
awﬁgm’jmsqﬁwmmzﬁwﬁfgwummﬂf (Mesh) lumamudaumasy sni
wodlumeniialy fe
2{f'}=t[Al{c} (25)

a oA 4 Y J ) 1 .. @
[A] ﬁ@ull‘ﬂiﬂ%ﬁﬁu@gﬂﬂﬂ’ﬂhllﬁﬂﬁN(’U’E]\WHLLWU\‘]@@ 1) 1lag m aanmilszney 13

&£ QA v o ] a 7 K% o £ g o
FINAD MIAAUA WU (Transpose) N3N B luaums(32) lituswdgu 1, suilumsiliv
2

o ] [ g { a I ! . . . .
AN UIVDIAAD A ADNUNOANUA IUINONYDIAT X1, XJ, Xm, y1, yJ, @< ym
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{'}=[B]" [DI[BItA{s} 26)
190
{1 =[k{s} @7)

a Jd < 1 a 4
(k] ﬁ’t’) LUNTDBAITULUUILUNIIVBDUD LU UA

v Y
6. MaanusImeuonnnsziluszuuimue anuduiusvousInumMInTzIa

Y
FMSUNITZUL Ao

{F'}=[KKs} 28)

i1 1 H 9y
1o F unuusameueniinggiuugalaazauodusauiasuiaiug [ 8 ] unu

minsziauaazyavzla
[K]1=[k]y =[BI\[D].[B]tA (29)

A s a ¢ < < ' = < a o
[k]N e ’E'J\i‘ﬂﬂigﬂ@‘u(’llﬁ)\ilm‘ﬂiﬂcliﬂ’ﬂllll(’ll\iLﬂi\ilmﬁgﬂWGﬁQﬂigﬂfJ‘U!ﬂulm‘ﬂﬁﬂcﬁ

< < [ o w 1
ANUUUANTITIU (Global stiffness matrix, [K]) @908 T Ao Transpose 51%ﬂ1ﬂ1@ﬁllidﬁ1mﬁﬂ

U

fMuoalann
{o}=[KI"{F" (30)

1 d? [ < a .. @ QaJJ a J
Lmﬁlumﬁsuugﬂiawmwmﬁmmﬂuwmﬁﬁﬂ (Plasticity) A9UUNTIINLUNNT DY

$190FAN-NA1AAN (Elasticity-Plasticity) 9

T T -
« oF'| | oF' oF' oF'
D;,=D-DJUE L .p. A+l DI (1)
' oo | 0o oo oo
A a d o = v W a ] a a
D*, Aemsnssiiueufedfufuuiming D ¥adaradnluaums (17)
| J a J 4 ]
msulauiugas I ludwdmua lumsyugl Taneusiu
g A a d ' a
gaimausfiu (Variational formulation) M1Flumsdmsizrnousranaraan
] . . 2 g a P I !
AMULANNG (Rigid-Plastic) TunszunumsiugiTansusiy dumsinsziidaludivane mazh

A 1 2 Y { a J <
sunvumslasugd lulatuuudenviounumsulasugdlunadamaas (Static) Yo VoW

] a <3 < a 4 [ 2/' 4
FRNATANAINLUUNTI (Rigid-Plastic solid) ma“léf%uﬂmmﬁaullwau muuﬂizmumﬁugﬂ
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Tanzuruesn1INTzUD (Out-of-plane) tHerdesnuvAgUnsUsNIRdasEnINMTlasugl &

Jw QaJJ {1 W @ o 1 a 4 1w
Wm%umwmﬁmmuwanmmmauUff‘lﬂq!mmazmamum ¢ miny

M
T=Q= mzzl¢(m)u(m) (32)

A (m) & s v A A g . A
W u  AD NAMBINITNIZIANINULUIN (Incremental displacement vector) 39
v o o A s
HNUDTNUDAUNUAN m
Taoauyd anuduazauaiiounanauga (Principle of virtual work) HAUWEN
= A ] a =) v W ] a 4 o [ @ =~ [V F
ﬂl@ﬂﬂ’ﬂmﬂiEJﬂi]iQ@QGluTlﬂVINLﬂEJTJﬂ‘L!ﬂ‘]JLLNHL’E)ﬁL?JH?I ’ENﬂ‘]Ji%ﬂf’Jll‘Viaﬂﬂlﬂd@@]i”lﬂ’ﬂmﬂiﬂﬂﬂﬂﬂﬂlh
A o 1 ~ 1 1 A A 3 9 ) %
NOATIFIUANNTS U IWEINIATNTINUNASIaNAS U DY qum ¢ fﬂlﬂiﬂ‘l{ﬂ‘lﬂIﬂ&lg‘]_]LL‘]J‘]J'i’EJ‘]JLLﬂu

AUNATVOUH UL AN LT

® = jvg(dﬁ}dA+% [H{AE}dA— [T +dT)du,dA (33)

gle  dE= ,/%2(dEp)Z

4 a a
dE = p9R1szReUaRMINNANIAS sANAEAD (Logarithmic plastic strain component)
_ v '
o = aNUAU (Effective stress)
t=AUHNU1 (Local sheet thickness)
dy d' A 4?} a 4
dA = NUNNUVUUUBDUDALUUA
dV =tdA
H' =do/de = anuFuvouduIAnnuauanuns oa
T = 1159 (Traction Force)
v A A d? a o
dui =N1TINITIANNUUYUUDIUD AL UA
Tuaums 33) meunsnmslasugiitlie 9 INULIANGIIUANUIAT 8 (Strain energy)
A @ A AA Y o o q Y & Y = A A
L“I/l@?J‘VIﬁﬂﬁllﬂuWﬁ\‘]\ﬂuﬂ'ﬂiﬂﬂiﬂﬂﬂLﬂEJ'JGU'f)\‘]ﬂ‘Uﬂ']TVI']GlﬁLL‘UQﬂ'JfJﬂ'JHJLﬂﬁfJﬂ NDUNTIUUNUIIUN
UNANUAUNGUDN (External traction, stresses)
5Wﬁﬁﬂ1ﬁﬂ1ﬂllu3!§uiﬂﬂﬂﬂ (Circumferential direction) LLazﬁﬂvmmmmﬁuiam,mu
I a o = 1 Qg)/ o o d?
Glﬂ‘] (Meridian direction) Lﬂu‘lﬂﬁ‘ﬂﬁ'ﬂﬁﬂ L!i\‘]!ﬁﬂWVITHﬁgW'JNWu“ﬁzﬂiﬂll (Dome) ﬂUﬂWfJGluﬂ']i‘lJu
=S 9 a a d' =y AR d‘ Q‘ dgl (% =
?J‘IJEJ‘L!'E)EJlﬂﬂ mﬂ‘vmuu’m’mmmtfluﬂﬁmmﬁm AMUATIAADNTI NUNIN UV UBDIVISIAAITUIAT YN

Td9n
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dE, dE, Ins/s,
dE = = = (34)
dE, dE, Inr/r,

A a

v Ql Y P ' v v
smanlasuglmuiu s, Ao anuerredmudan linldsugl s Aeanwenid

'
v AA

A v A v A = A =1 = v Y a
MIBad 1, Ao Seneumsulasuzil r AesauNIMIlasugll davee r ey @ ununAN ML

Lﬁ’uiammuim (Meridian direction) HAZRAM MU NFUT DU (Circumferential direction) ANA 1A

a

a = A a A IS dy z
MUANNDT QIﬁ‘H%LLWHM FUUAVRNNANNNTUYH munJ uuau"lahmaﬂ IULLH’JG] RN

3 Y] ~ a s 2 A v o Yy o o a ¢ A
(Normal anisotropy) AMAULASANNATIANNNVUNANUANNUTADANADINUINUNUDIFA] (Hill)
azla

dE, 3 dEo, _dE,
(1+R)o,-Ro, (@+R)o,-Ro, (1+R)o

35)

A A W dy £ @ 1 a R =)
W R ﬂ@ﬁﬁllﬂiﬂlﬂﬁhlﬂicﬁﬂiﬂﬂl!u')'i%lﬂ’ﬂ FUYUOATIAINADMI NUVDIAINLAT B
LL’H'Jﬂ'ﬂlJﬂ%}Nﬂlﬂa@ﬂW?ﬁMﬂl@ﬁﬂﬁTNlﬂ?ﬂﬂllu')ﬂ'ﬂﬂﬁuﬂuﬁﬁﬂﬁﬂﬁﬁ\‘]ﬁﬁJLLU'J!Lﬂu g ﬁﬁ) mmtﬁ’u

(Effective stress) d E Ao ANIAT A (Effective strain) m'ldan

o= oﬁ—li—RRO'r0'9+af (36)

= 1+R 2R =

dE = ———,|dE} + ——dE,dE, +dE/ 37
Viv2RVTT 14RO a

AMaLAILA (Effective strain, dE ) mansnidoulugdasianing fa

dE:\E[dETDdE]m (38)
ie dE = (dE, ,dE,)”

5 3a+R) [1+R R
2(1+2R)| R 1+R
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amilsznou 14 madszanagimileuveslaunsinsnan laedFoUAUUDI Conical frustum

A

mydszanaginsusnnaia lngd

[

=\ (%
oususnsremmizars awansly awlszneu 14

u

sy a Jd o 1 9 o 7 a
TilaiuFadu (Lincar function) #5070 %5131/519 (Shape function) dmsumaduilszdns vie

1 A A v A A 4?’ v A A dgl a = 9
i}ﬂ@]ﬂiﬂﬂ NUNITNISIANINUYU ﬂﬁﬂi%ﬂﬂ%t‘WﬂJﬂluiumamumﬂlfJ‘Ll hlﬂiﬂﬂ

dv.
1+t 1+t 1 s __
u= = . . (39
aw' 0 1+t 0 1+t dV2
2 2 1| dw, 2
u=Nu™ (40)

4 o 1A { ' { < { {
ot Ao yadumisinlasuninet -1 ige 2 Tihilu +1 fige 1 (@ milszneun 9) dv,
[} Y 1] v 4
1Az dw, An MINTZIATNVAUYOIYA | TuHITANIAZIUILAUMURIAD 1HBINNMINTZIANLTY

9
@ a 4
MNUA ANVYUBDALNUA S ﬁﬁ] 1

Sy =400 — (1) + (o) X F 1) @

rAA o A
ﬂ’ﬂiJEJ'l'ﬂ’ViiJ'ﬂﬁlﬂﬂ’) s f1D

S:\/(rl—r2)2+(22—21)2 (42)
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tﬂ' A o ] v A as.l‘ . L:' 1 = Ld'
11 (r,), 1Az (z,), Ao AWHUWUITATIAZIWIAUDIYA | D35 1emeuen lulimsulaey
[ $ 4 1 a o 3 o [ {
51 (), 1ag (2), AvgUinmeusniimanlasuglusedmusiiuduaswazya t' Tudwmrlisgad

Ay A (3
HEANNIANTIN 1, Miualag

e O e ) @

o 1 1 A A @ 1 o Y
s lrioymanmlounuvedn r Mvuali lag

1+t 1-t
r=r,+ (T]dvl + (Tjdvz (44)

4 v
Gl“laf}ﬁ'llﬂﬁ (41 —44) ﬁwummuﬁﬂﬂiumamwﬂmﬁuwﬁwmmmmiﬂﬂ I N1 dE

T

{(ro )1 — (ro )2 + dVl ~ de }2 + {(Zo )1 — (Zo )z + sz ~ dWl }2

dE = | S5 |
1t +[@+t)fav, +[@+t)/2J@+t)/2)dv,

o

(45)

MIUsEINUMsINNANIAT oA 1Ae7T Lagrangian liadududou lagasmsnuanuasen
' A A 3 o P} ~Aq Y A
sErINMsiuNaziannaziios NINNauMs (34) 10 s, s, 1, az r unuluaums @1 — 44)

Y
NIHUA

¢ luaums 32) ensounulumoennvesyane 1z ld
g™ = j&(\/th[dET DdE]J/ZdA+%j H'(%tj[dET DAEWA- [TTNU™dA  0)

' Aa A Y A , A ax J
t’f’)ulql3J6UENL@mmu@]‘ﬂﬂi%ﬂ@ﬂiﬁﬂﬁ]gﬂﬁ]ﬂ 1o dA =rdt , A9 ATUUUN ’J‘ﬁl!ﬂﬁhﬂ'ﬁﬂju
° , = , A
NINIENIN T =-199 t' = +1 1UD
T, +dT,
T, +dT,
T= 47)

T, +dT,
T, +dT,
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msmiistesamesileddudendnamsom1dlaols partial derivative vou o™

ou™ Wgaunsfifadulunan@efu de

Zf:j - [&(,Z }oe" DaE] ™ aaﬁ) DAEdA )
+ [H (3t [DolEdA]a(OIL [NTTdA

O (dE)/ ou™ ﬁ'1l|15ﬂﬂi$tll1!1ﬂ81%ﬁllﬂﬁﬁ 34 9214

n+rn ﬂ—
32 2r
_(ZZ+Zl)
a(dE)_ B O(dE), B 52 0 (49)
oum™ T auj(m) - —(r+r,) 1-t
s? 2r
ZZ+Zl

aums 48 Weoulvdlaily

(m)
Zf(m, = [(2t)7[2 dE" DdE | * QDUEA 50

j HQDdEdA—IN TdA=0

Y

Usznoueamudninua lugiuouds v ludedwud awaumsuunbidudadu Ty

naAgINUENITaN 199N

oD o™
™ oy

Yoy a, o A Y - o [ 1
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1 v k4 I
(10 P ABLTINATLINUUWUFATINT NN (Hemispherical punch)
P=3p™ H=sH™, f=xf" (53)
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2 (m) T T
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o(dE)
Q= ou™ (56)
annsouaadldiinie
op™ L m
o =M (57)
3o
21 —
H™ ==—(0+ HdE ptdA 58
3 dE ( )) (58)
fm)szWHA (59)

a g a a o 9 dy A [ .
m‘aﬂmuumamﬁauﬂﬂiaiﬂﬂ%qmmwummmm (Gaussian quadrature formulas) Uae
[ I~
mimuvﬁﬁmﬂu (Convergence) 1WuMsasIvaov Ine Fractional norm
) [ a o [ QSJ‘ ~ Y o [ 9 Yoy o 1 (% ]
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auN135(60)
POAU=f-H" (60)
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Model name: ammuntion-rev2
Study name: Study 1
Plot type: Factor of Safety Factor of Safety1
Criterion : Automatic
Factar of safety distribution: MinFOS =19
FOs
100.00
91.62
83.63
L 7547
L B7.29
L 5812
L5094
L4276
. 3458
. 2641

L1823

I 1005
1588

hSjtudy name: Study 1
Plot type: Factor of Safety Factor of Safety1
Criterion : Automatic
Factor of safety distribution: Min FOS =19
FOS
100.00
9182
G365
L T84T
. BE7T29
L 38
L5094
L 4278
. 3458
. 264

L1823

I 10005
187

mlsznew 22 Tasevianudu lae W ludo duud

39



40

5.2 HUU Ao UVDID5

Y o A A a
MUz 23 @5 19UUUTIaDINHNBULTY

5.3 HUUIADIUVUNITINTEUON

amwilsznen 24 aauusiaesveszinsanszuen



5.4 tUUTReUUNaIUTAY (Non Fillet)

\

Pressure

nlszned 25 TaTeiaNnuA Y Iaaiy Fillet

Y
1

5.5 UUUII0INTVUTINTLIE19 (Fatigue)

Mocel name: housing_2-Fatique
Stucky name: Fatique
Plot type: Fatigue Results2

Total Life (cycle)
1.000e+008
9.228e+005
. 8.457e+005
- 7 BB5e+005
- 6.913e+005
. £142e+005

5.5370e+005

4.589e+005
. 3.827e+005

. 3.055e+005

2.284e+005
1.512e+005
7 405e+004
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2. N '1da1n Solid Works Simulation 1 ldadlsveaiaanldiuaziusinszim

q
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nuaAULIUY LW@ﬂgvlﬂVIﬁTU‘UUT@]ﬂJﬂQ@‘leJ‘U‘I/Iﬁ'WllTiﬂﬁ‘]JLLi\iﬂiZ“Vﬂllﬂ

Model natne: housing-rewvi

Study name: Study 1

Plot type: Factor of Safety Factor of Safetyd
Criterion ; Automatic

Factor of safety distribution: Min FOS =119

FOg

100.00

o1.82

8365

L 7547
. 67.29
5911

|| 500
. 4278
. 34.58
. 26.41
. 18.23

1003

187

Model name: ammurtion-rev2

Study name: Study 1

Plot type: Factor of Safety Factor of Safetyl
Criterion : Automatic

Factor of safety distribution: Min FOS =19

Fos

100,00
9182
8365

7547
| 67.29
| 5912
[ sns
L4276
. 3458
. 5.4
L 18.23

1005

1.88

mwlsenov 28 Housing and Pilot - Factor of Safety



Maodel name: housing-rewv

Study name: Study 1

Plat type: Static nodal stress Stresst
Deformation scale: 1

hodel name: ammuntion-rew?

Study name: Study 1

Plat type: Static nodal stress Stress1
Deformation scale: 1

wion Mizes (Nim*2)
29,350,496.0

I 25,904 6220
| 24,458,746.0

. 220128720

. 19,566,995.0
AT 1220

| 1467524810

L 122293730

. 9,783,499.0

L 733TE240
4591,749.5

24455748

oo

—ield strength; S5000000.0

won Mizes (Min"2)
375,289,856.0
346,765 96 0
. 315,241 5360
. 283,717 4080
. 2521932450
| 220,569,055 .0
. 189,144 925.0
. 157,620,784 .0
. 126,096 624 .0
. 945724720
63,0453320.0

31 5241660

128

Mwlsenou 29 Housing and Pilot - Stress

44



Model name: housing-rew!
Stucly name: Study 1

Plot type: Static displacement Displacement1

Deformation scale: 1

Model name: ammurntion-res2
Study name: Study 1

Plat type: Static displacement Displacement]

Deformation scale: 1

Mwlsznou 30 Housing and Pilot - Displacement

URES (mm)
1 BEDe-002

I 1 705e-002
| 1 5508-002
. 1.3958-002
. 1 2408002
. 1.0858-002
| 9.300s-003
| 77508003
| B.200s-003
| 4 B508-003
3400e-003
1.5508-003

1.000e-030

URES (mm)
29648002
I 27176002
| 2.470e-002

. 22238002

. 1.8762-002

. 1.728e-002

| 14820002

| 1.2352-002

| 5.660e-003

| 7.410e-003
4.9408-003
24708003

1.000e-030
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hodel name: houzing-rev!
Study name: Study 1

Plot type: Static strain Straind
Deformation scale: 1

Model name: ammuntion-rey2
Study name: Study 1
Plot type: Static strain Straint
Deformation scale: 1

Alsznou 31 Housing and Pilot — Strain

ESTRM

1.424e-004

1.5306e-004

. 1.187e-004

- 1.065e-004

. 9.483e-003

. §.308e-005

L 7A21e-005

. 5.834e-005

. 4. 748e-003

. 3561e-005

2.374e-003

1.187e-005

0.000e+000

ESTRM

1.192e-003

1.082e-003

. 9.930e-004

. §.937e-004

. 7.944e-004

. 6.851e-004

. 5.958e-004

. 4 .965e-004

. 3.872e-004

. 2979e-004

1.866e-004

9.930e-005

3173e-011
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Name Type Min Location Max Location
Stress1 VON: von Mises 0 N/m”2 (-41.148 mm, 2.93505e+007 (-9.69492 mm,
Stress Node: 2806 4.1125 mm, N/m”2 0.0034353 mm,

5.03636e-016 mm) Node: 737

11.1166 mm)

Displacement] URES: Resultant 0 mm (-50.8 mm, 0.0186001 mm (-0.016224 mm,
Displacement Node: 46 3.429 mm, Node: 315 9.34883 mm,
0 mm) -7.93817 mm)
Strainl ESTRN: 0 (-31.5891 mm, 0.000142426  (-9.15658 mm,
Equivalent Strain Element: 1341 -12.1425 mm, Element: 925 -0.923036 mm,
-1.2541 mm) 12.5941 mm)
a3 3 dwdszneuit l@nndnaniieniunsosesduiuuvepilot
Name Type Min Location Max Location
Stress1 VON: von Mises 12.859 N/m”2 (-2.48051 in, 3.7829e+008  (-0.937957 in,
Stress Node: 10459 -0.121582 in, N/m”2 0.131439 in,
0.0586759 in) Node: 6810 0.0310245 in)
Displacement] URES: Resultant 0 mm (-1.6 in, 0.0296394 mm (-0.00115534 in,
Displacement Node: 610 0.0825 in, Node: 6091 0.0515532 in,
0.142894 in) -0.0187 in)
Strainl ESTRN: 3.17276e-011 (-2.49209 in, 0.00119161 (-0.937958 in,
Equivalent Strain Element: 4732 -0.123873 in, Element: 5775 0.117387 in,

0.031494 in)

0.0398811 in)
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Material Properties

’EJ%TG‘!”“'P)Q Housing

M54 4 @ulszneunAmMImuI efMuuAYHIATS 19T 40IAULLVVDY Housing

No. Body Name Material Mass Volume

1 SolidBody 1(<ammuntion#2>- ASTM A331-90 0.00954953 kg 9.36228e-006 m"3
<Boss-Extrude3>)
2 SolidBody 2(Boss-Extrude2) ASTM A331-90 0.00954953 kg 9.36228e-006 m"3

3 SolidBody 3(Split Line2) ASTM A331-90  0.00954953 kg  9.36228e-006 m"3

U

@AV Pilot

\ Ay v o A 9 A Y .
AT 5 ﬁ’!uﬂigﬂ@‘ll'ﬂulﬂﬁnﬂﬂWH'Jm INDEITUATOIDIAULUUVUD Pilot

No. Body Name Material Mass Volume

1 SolidBody 1(Cut-Extrude2) [SW]AISI 4340 Steel, normalized 0.0180377 kg 2.2978e-006 m"3
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nilseneu 35 Lﬂ?@ﬂﬂ%tliﬂﬂ@ﬂ@nﬂﬂl’ﬂﬂ%?ﬂ

QANAE T o @R O-

Model name: news housing

Study name: Study 1

Plat type: Static nodal stress Stress

N

Max: 705,333 ,184.0

nmilsgnau 36 m?mw%usmaammmﬁq

won Mises (MNim"2)
705,333,184.0
B46,555,712.0
| 587,778,240.0
. 529,000,300.0
. 470,223,360.0
411 445,888.0
3526684160
l 203,390,976.0
| 235,113,5200

| 176,336,048.0

117,558,592.0
58,781,136.0
3ETBS

—¥ Yield strength: 710000000.0
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Model name: newy housing

Stuchy name: Study 1

Plot type: Static nodal stress Stress1
Deformation scale: 1

won Mises (Mn"2)
705,333,184.0
I 646,555,712.0
. 587,778,200
. 529,000,500
. 470,223,3600
. 411,445,508.0
|| 3528684160
| 293,890,976
| 235,113,5200
. 176,336,048.0
117,558,592.0
58,761,136.0
35765

—#¥ield strength: 710000000.0

nmilseney 37 m?aqvﬁuiqa@ammmﬁ«ﬁammmgﬁ'u

Model name: new housing
Study name: Study 1
Plot type: Factor of Satety Factor of Safety1
Criterion : Automatic
Factor of safety distribution: Min FOS =1
FOS
100.00
a.75
83.50
. 7525
. B7.00
| 5875
L | 5050
L4225
. 3400
. 2575

L1751

A =S a A 9y
AMNsENoY 38 1ATEINIUTIN0EAINYBIVTIUND 1% Safety —Factor
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be Result ?

2 -

@@ 6r- @ 2- ©-
Model name: new housing
Study name: Study 1
Plat type: Factor of Satety Factar of Safety!

Options

Criterion : &utomstic

@ atlocation

From sensars

O On selected ertities

Factor of safety distribution. Min FOS =1

Results

»

Hods [Value | (in)
17430 5.26 58584

1835 3.49  1.1187
12112 4.83  JE-016
51099 8.20  -1.475
92736 3.48 -1.6
64544 2.82  -0.354

Mode 151099 (-1 47 0.685,-1.04 in

=020

Moce 192736 (-1 6,094 B
48 .

Vi) 2 (n)

066 0.8
48826 73191
15397 35558
BE8514 ..0425
94063 -0.225
L0177 L4823

Node 17430 (-0.586,0.66,-0.8 in
=526

Report Options

& W

2

®

Mode 212112 (-3.33e-016,0.154 -0.356 in]
=463

d' = a nﬂ' 9
nwlsgnov 39 IATOINITIDVIATNVDIVT U 1Y Safety —Factor

2. ’O’OﬂﬂLL‘U‘ULﬂ?’OQ‘Vﬁlliﬂﬂ@ﬂ;ﬂllﬂﬂ‘ﬂiﬂﬂi%‘ﬂﬂﬂ (Non-Fillet)

A =
ailsznev 40 Lﬂ’iﬂ\i‘l/l’l!!,'i\‘]ﬂﬂﬂgﬂ‘l/liﬂﬂi%‘ﬂ’f)ﬂ
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3. ’e)@ﬂﬂll‘]J“]JLﬂ?’eN‘VﬁLliQﬂﬁ)ﬂzﬂllﬂﬂﬂ’i\‘]ﬂ’iv}fﬂﬂ (Fillet)
dl A 1Y Sldd%‘ 9 A Y J o [
L‘W@i’)’e]ﬂLL‘LI‘LITI’dﬁJﬁﬂi"]Jl,LNhlﬂﬂ"lJul,mzi]ﬂﬂﬂEJEUGQL?‘Ii@ﬂ@]u!mu%ﬂl’lﬂﬁTﬂiUﬂﬁaﬂ
' & = ' £ A ' A A . o 9 A
YAVDUUBIUATOINIIUULITIDDYDY NN UIND miaﬂmumﬂugumﬂuazmu Fillet Tagaziin s e

nszinsznelildigadus

Pressure

A 2 1 A &
Nnlsznou 41 Lﬂi@ﬂﬂﬁllﬁﬂﬂ@ﬂgﬂﬂiﬂﬂﬁ$ﬂﬂﬂiﬂﬂﬁﬂﬁﬂuﬂlﬂuuﬂﬂ']ﬂ



Morlel name: arm

Study name: Stucdy 1

Plot type: Static nodal stress Stress1
Defarmation scale: 1

von Mises (NAn"2)
245,333,424 0
I 224 859,056 0
. 204444 BB30
. 184,000,320.0
. 163,555,936.0
- 1431115680
|+ 122667,200.0
. L 1022228320
| B1776,4640
. B1,334,088.0
40,389,720.0

204453500

arsE

Model name: housingd2
Study name: Study 2
Plot type: Static nodal stress Stresst

von Mises (Min"2)
346,449 024 0
7 5795720
. 288,710888.0
. 259,841 5200
. 2309723520
. 2021032000
(e 346,449 024 0] |
| 144,364 B4 0
. 115,495 696.0
. BB E26,528.0
57,757,364.0
28,888,196.0
19,0302

— Yigld strength: 710000000.0

a L4 [ d a 4
nnlsenou 42 ﬂ"li'Jlﬂ'i"lgﬁﬂﬁ'mwllﬁlliﬁiﬂﬂllwllu@t’ﬂﬁmu@l (Stress)
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Madel namme: arm

Study name: Study 1

Plot type: Stetic displacement Displacement!
Deformation scale: 1

URES (mm)
2.506e-002
I 2.298e-002
- 2.089e-002
- 1.830e-002
1 BMe-002
- 1.462e-002
' 1.253e-002
- 1.044e-002
- 8.355e-003
- B.266e-003
4.177e-003

2.089e-003

1.000e-030

Model name: housing#2
Studly name: Study 2

Plat type: Static strain Straint
Deformation scale: 1

ESTRN
9.610e-004
§.993e-004

. 8.176e-004

. 7.358e-004

- E.541e-004

. 5.723e-004
. 4.006e-004
L 4.089e-004

L 3.271e-004

. 2454e-004
1.636e-004
8.191e-005

1 .685e-007

a J < J a 4 .
Amlseney 43 MsuasziaNnuulanse Iae 1 ludweamud (Displacement)
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Model name: arm

Sty name: Study 1

Plot type: Factor of Safety Factor of Safety!
Critetion : Automatic

Factor of satety distribution: Min FOS =29

Model name: housing#2

Study name: Study 2

Plot type: Factor of Safety Factor of Safetyt
Criterion : Automatic

Factor of safety distribution: Min FOS =2

FOS

a 4 < J A o
szl 44 msaasizranuuvausdles v ludeamud (Strain)

100.00

919

8382

L 7972

. B7 B3

L 5954

5145

L 4335

. 3526

L2747

. 1808

10499

289

100.00

91.84

8367

L 7551

. B7.35

| 5319

51.02

L 4286

. 3470

. 2654

L1837

10.21

205

58



] ] 9
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SN curve

B S e e
Ty T VL RPN STRTNPRTPRYS . UTT TP - ST
S SR e e e e e S e

j:E TA0-05F -

“i T T ot

AT L C NP TS T, i ;

E : : : :

= goo-oel oo e e o i e S ;

=« : ; : :
(s L ............. ..............
A 08k e SETRTRRRIE
2,000 *

2.50+05 5.00+02 7.50+05 1.00+08
Cycles(Mh)
0.0

Mociel name: housing_2-Faticue
Study name; Fatique
Plot type: Fatigue Results2

Total Life (cycle)
1.000&+006
9.228e+005

| G 457e+I05
. 7 B35e+005
. B.813e+005
. 614284005
1 5 3708+005
. 4.599e+005
. 3.827e+005

. 3.055e+005

2.284e+005
1.512e+005
7 405e+004

a 4 [ s A 4 ) 3’ .
Mnsenou 45 ﬂTi'JLﬂi13VfﬂTJTJJLHJ\HliQiﬂﬂllwllu@lfﬂﬁmuﬁﬂl'ﬂ\iuiﬂﬂig‘ﬂ"lclﬂ (Fatique)
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3 S1IATEY YUIA (m3) Stress (N/mz) Displacement (mm)  Strain (N/mz)
AULUVIT 2.74669e-006  7.05333e+008 0.0913999 0.00256506
NIINTLUDN(Assembly) 9.36228e-006  5.62718e+008 0.220664 0.00241773
1UU (Housing) 9.36228e-006  2.93505e+007 0.0186001 0.000142426
Uy (Pilot) 9.36228e-006  3.7829e+008 0.0296394 0.00119161
NIINTLUDN(Non-Fillet)  9.36228¢-006  3.46449¢+008 0.0978014 0.000981047
1YY (Housing) 9.36228e-006  3.92526e+008 0.0881459 0.00115997
uuYy (Pilot) 9.36228e-006  2.45333e+008 0.0250644 0.000988076
Tli\iﬂi%ﬂﬂﬂl!ﬁ\iﬂﬁg"]?"l 9.36228e-006  2.05e+008

[ Y
n10° as 3(Fatique)

A 9 o Ay a A 1 v A a
NATTN 6 Waﬂhlﬂﬁ]"lﬂﬂﬁ‘i/lﬂﬁ@ﬂﬂﬂﬂu M163359 A9 1) AIWITONANDUITIDANNA

a Y YA 3 Y Y o a
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SPECIFICATION : MIL-C-9963
WEAPON : Rifle, 5.56mm, M16; M16A1

BALLISTIC PERFORMANCE : VELOCITY :
3250 + 40 ft/sec at 15 feet, Std Dev

40 ft/sec max.

PRESSURE : 52,000 psi max. avg.;

PORT PRESSURE : 15,000 psi + 2,000 psi

ACCURACY : 2.00” mean radius max. avg. at 200 yards
CARTRIDGE : D10523632 — 182 -14 grs

CASE : C10524200-94 - 5 grs

Cup : Copper alloy (70/30) No. 260, Annealed,

Spec MIL-C-50

BULLET : C10524197 — 56 — 2 grs

Bullet Jacket : 17.5 — 1 grs Cup : Copper alloy (90/10) No. 220, Spec MIL-
C-21768, Annealed

Slug : 38.5 -1 grs, lead-antimony, Spec MIL-

L-13283, Grade 1



62

aiwamsIve

e

Y v A

1. minmsnageuamnsalgniuilu Mi6 uaz Mi6A1 ansoaagyd1d ail
1.1 aNI0NUABLIIOANNAINNTE I
1.2 aunsoldilu Mi6 uaz M16a1 18
[} % a 9}091} [ v d! (% v
1.3 aunsadaasnnizguoonnnaunds lanwuusa Tuiauazneoa Tuiia
Y
v A

9 A 9 Y ~ 9 9
2. ﬁnﬂﬂ’]ﬁﬁﬁ']\Hﬂﬁﬂ\iﬁuwllll“lﬂlﬂﬁﬂﬂlﬂﬂﬂﬂ1u§1ﬂ1llﬂ ANU

E4
~

Y A 9 ' < [
2.1 FIAINMTHI 1ATOIAULD UL LD MTY Aal

Y

2.1.1 MIag 4,200 1M
1 ‘é’
212 awsewugl 3,500 1
2.1.3 sudluduinlFadanosduuny 7,700 1IN

2.1.4 sauaseanldlunesinun 33,000 U0

v
VUlaHOLUUS
A gy v Mgy 1 o = y & Y 0o q ¥ A - - v
lfW’e‘J“l“Viﬂ’e‘N‘i/lWiJGlGK’fJfJN‘W’mﬂﬂﬂmiﬁiwﬂﬂazmﬂ%u Fﬂz‘ﬂ'lelwmi'E]\T'V]'Jlﬁﬂﬂ'f]ﬂllﬁ’lﬂ’muuu

A = Ao o o = A = 9 1
ﬂ@jﬂﬁ\il’lﬂﬂﬂMWﬂ LLﬁ%VIﬁ'lﬂﬂluﬂEN‘VIWﬁ]giJLﬂﬁN‘VI’JLLiQﬂ?Jﬂcl"]fﬂuiﬂﬁlllll"lﬂmmﬁu



UIFIUIYUNIAN



UIIMUNIN

o < a [
VITIV DI, (2539). NAMAATVNUIN Mechanics of Solids. NTINWA: W¥i1INdema lulag
9 =
NILIDUNAITULS.
4 o d A o Aa a J 1 J
Us1Tund asesln. 2547). IWludioamus luamananssy. ngaunna: 15INuNITIaINgol
YHINAY.
o =i z!ig/ o = Y A
My AN, (2547). ma lulagmsyugi/lane. nganmwd: aoniumalulagnszvound mszunsmiie
a a I'd g [ d Aa 4 a [}
aan ditszIn. 2542). msTmszmsiug Tanzusude W lusdoamud. njamwa: unInerde
= k) ~
maTuTagnszrounasuls
a ax d A I dy Y 1 = d 9
auae a91e. (2544). 35m5 I Tudeamudiioddy. uasuen: aaumsansi 1536 suunssos

Wigﬂﬁﬂﬁlhlﬂé}l



NNARNUIN



MANUHIN N

= a 4 <3 d a J A = A a
'ﬂﬂazl@EJﬂf‘ﬂi’JLﬂi"IzWﬂ’NﬂJLLGU\HLNTﬂﬂllwulu@L@ﬁmuﬂﬂlﬂﬂlﬂiﬂﬂ“ﬂ’JLLiQﬂ’E)EJL‘HiJ?J‘Ll‘U@Q%iQ



67

Stress analysis of Ammunition
Author: Chaiwat

Company: Srinakarinwirot

Note:

Do not base your design decisions solely on the data presented in this report. Use this information in
conjunction with experimental data and practical experience. Field testing is mandatory to validate

your final design. Simulation helps you reduce your time-to-market by reducing but not eliminating

field tests.

Description

Summarize the FEM analysis on new housing



Assumptions

Model Information

Document Name Configuration

new housing Default

Study Properties

Study name

Analysis type

Mesh Type:

Solver type

Inplane Effect:

Soft Spring:

Inertial Relief:
Thermal Effect:

Zero strain temperature

Units

68

Document Path Date Modified
C:\Documents and Thu Nov 12
Settings\TOSHIBA\Desktop\coolme 07:56:52 2009

design\ammuntion\new housing. SLDPRT

Study 1

Static

Solid Mesh
FFEPlus

Off

Off

Off

Input Temperature
298.000000

Kelvin

Include fluid pressure effects from Solid Works Flow Simulation ~ Off

Friction:
Ignore clearance for surface contact

Use Adaptive Method:

Off

Off

Off
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Units

Unit system:

Temperature Kelvin
Stress/Pressure N/m”2

Material Properties

1 SolidBody 1 (Cut-Revolve2) AISI 4340 Steel, 0.0215615 kg  2.74669e-006 m"3
normalized
SolidBody 3 (Split Line3) AISI 4340 Steel, 0.139404 kg 1.77585e-005 m"3
normalized
Description:
Material Model Type: Linear Elastic Isotropic

Application Data:



Property Name Value
Elastic modulus 2.05e+011
Poisson's ratio 0.32
Shear modulus 8e+010
Mass density 7850
Tensile strength 1.11e+009
Yield strength 7.1e+008
Thermal expansion coefficient 1.23e-005
Thermal conductivity 44.5
Specific heat 475

Loads and Restraints

Fixture

Restraint name

Fixed-1 <new housing>

Load

Load name

Force-1 <new housing>

Force-2 <new housing>

Gravity-1

Selection set

on 2 Face(s) fixed.

Selection set

on 1 Face(s) apply normal force 859

Ibf using uniform distribution

on 1 Face(s) apply normal force

70

Units Value Type
N/m”2 Constant
NA Constant
N/m”2 Constant
kg/m"3 Constant
N/m"2 Constant
N/m"2 Constant
/Kelvin Constant
W/(m.K) Constant
J/(kg.K) Constant
Description
Loading type Description

95.46 1bf using uniform distribution

Gravity with respect to Top Plane

with gravity acceleration -9.81

m/s”2 normal to reference plane

Sequential Loading

Sequential Loading

Sequential Loading
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Connector Definitions

No Connectors were defined

Contact

Contact state: Touching faces - Free

Component Contact-1 Contact component: Bonded on new housing

Description:

Mesh Information

Mesh Type: Solid Mesh
Mesher Used: Standard mesh
Automatic Transition: Off

Smooth Surface: On

Jacobian Check: 4 Points
Element Size: 0.04 in
Tolerance: 0.002 in
Quality: High

Number of elements: 142228
Number of nodes: 217814

Time to complete mesh(hh;mm;ss): 00:00:29
Computer name: TOSHIBA-ACBS5212

Sensor Results

No data available.



Reaction Forces

Selection set Units
Entire Body N
Free-Body Forces
Selection set Units
Entire Body N
Free-body Moments
Selection set Units
Entire Body N-m
Study Results
Default Results
Name Type
Stress1 VON: von
Mises Stress
Displacementl  URES:
Resultant
Displacement
Strainl ESTRN:
Equivalent
Strain

Sum X Sum Y
4218.22 2.28652
Sum X Sum Y
-0.104546 8.68142e-005
Sum X Sum Y
0 0
Min Location
3676.65 (-2.62118 in,
N/m”2 0.638825 in,
Node: 523 -0.678418 in)
0 mm (-0.125 in,
Node: 45818 0.525 in,
-1.1125 in)
5.49693e- (-2.61443 in,
008 0.42347 in,

Element: 346  -0.688309 in)

Sum Z

-1.78355

Sum Z

-0.00180757

Sum Z

Max

7.05333e+008
N/m”"2

Node: 214713
0.0913999 mm

Node: 21653

0.00256506
Element:

53956

72

Resultant

4218.22

Resultant

0.104562

Resultant

le-033

Location

(-3.61718e-005 in,
0.534411 in,
-1.22609 in)
(-0.122257 in,
0.60002 in,
-0.817745 in)
(-0.0072907 in,
0.52666 in,

-1.22452 in)
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) = & - —
LACME-P-60-@ - O- - g
Model name: neyy housing
Study name: Study 1
Plaot type: Static nodal stress Stresst

won Mises (Min"2)
705,333,164.0
l 646,555,712.0
L 5B7.FTE.2400
. 529,000,800.0
. 470,223,360.0

| 411,845,888.0

| 352,656,460
| 293,390,976.0
| 235,113,520.0
| 176,336,045.0
17,558,592.0
58,781 ,136.0

3ETE6

— Yield strength; 710000000.0

A

Model name: newy housing

Stuchy name: Study 1

Plot type: Static nodal stress Stresst
Deformation scale: 1

van Mises (Mim~2)

703,333,154.0

l G46,335,712.0

| 587.778,240.0

. §29,000,500.0
. 470,223,360.0
. 411,445, 888.0
| 352,668,416.0
. 293,390,876.0
| 235113,520.0
. 176,336,048.0
117 ,558,592.0
58,781,136.0
36766

—Yield strength; 710000000.0

New Housing-Study 1-Stress-Stress|
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4] % new housing (Default < <Def...

@D oo - @- -

Byl

Probe Res ? Madel name: new housing
Stucky name; Study 1
¥ 4= Plot type: Static nodal stress Stress1
Options ~
(=) &t location

von Mises (Mim*2)

() 0n selected entities 7053331840

646,555 712.0

Wode 55905 (0,36 1 021 510 587 778,240.0
| = 265,950,056.0 Nin'2

Results

»

MNode | Walue (Rim=2) (K (n) ¥ (n) Z(in)
1721791684.0 .0204 65569 83385

1362410720 -1.6 96042 -0.25 . 528,000,500.0
435912832.0 JE-016 55235 39158 02,065
193354720.0 13953 62326 76415 72,179,184 .0 Mim"2 - 4702233600

285969056.0 -0.36 1.025 -1.5 . 411,445 885.0

laaaf

352,688 416.0
y Wex: 705 333,164 - 2938908760
- \' Mode 21668 (-0.1%,0 623,10 764 In | 2351135200
Report Options & % = 193,354 7200 Nin2
@ & e | 176.338,048.0
hotle 46012 (-3.31-016 0 563 0 392 I 117,558,592.0
s 7
438,912,832.0 Nim"2 I
IETES

— Yield strength: 7100000000

Model name: newy housing

Stuchy name: Study 1

Plot type: Factar of Safety Factor of Safetyd
Criterion @ Automatic

Factar of safety distribution: Min FOS =1

FOs

100.00

ays

G350

L7825

. BY.00

. 3875

30,50

L 4225

. 3400

. 2575

|

926

1.0

New Housing-Study 1-Factor of Safety-Factor of Safetyl



Probe Ri
& R =

It

Options

»

() At location
Fram sensars

() 0n selected entities

Results

»

MNode |Value X () |¥{in) |Z in)
17430 5.26 58584 066
1835 3,49 )L1187 43328
12112 4,63 3E-016 15397
51099 8,20 -1.475 63514 .
92736 3.48 -1.6 94053 -
64544 2,82 -0.354 0177 .

Report Options

»

@ @

75

@- - oo -@- -
Model name: newy housing

Study natme: Study 1

Plot type: Factor of Safety Factor of Safetyt

Criterion : Automatic

Factor of safety distribution: Min FOS =1

Mode 192736

Mode 17430(-0.556,0.66,-0.5 in]
=526

hin: 1.01

. 3400

7 o
Sl R

228

1.0

Node 212112 (-3.938-016,0.1 54,10.356 |n1
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Stress analysis of Ammunition
Author: Chaiwat

Company: Srinakarinwirot

Note:
Do not base your design decisions solely on the data presented in this report. Use this information
in conjunction with experimental data and practical experience. Field testing is mandatory to

validate your final design. Simulation helps you reduce your time-to-market by reducing but not

eliminating field tests.

Comments:

Revolution-1

Description

Summarize the FEM analysis on ammuntion-rev2



Assumptions

Model Information

Document Name Configuration

ammuntion-rev2 Default

Study Properties

Study name

Analysis type

Mesh Type:

Solver type

Inplane Effect:

Soft Spring:

Inertial Relief:
Thermal Effect:

Zero strain temperature

Units

Include fluid pressure effects from Solid Works Flow Simulation

Friction:
Ignore clearance for surface contact

Use Adaptive Method:

Document Path

D:\Jobs\Surawut-

rev2.SLDPRT
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Date Modified

Mon Apr 05

egat\CAD\ammuntion\ammuntion- 15:38:26 2010

Study 1

Static

Solid Mesh
FFEPlus
Off

Off

Off

Input Temperature
298.000000
Kelvin

Off

Off

Off

Off
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Units

Unit system:

Temperature Kelvin
Stress/Pressure N/m”2

Material Properties

1 SolidBody 1(Cut-Extrude2)  [SW]AISI 4340 Steel,  0.0180377 kg  2.2978e-006 m"3

normalized

Description:

Material Model Type: Linear Elastic Isotropic

Application Data:
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Property Name Value Units Value Type
Elastic modulus 2.05e+011 N/m”*2 Constant
Poisson's ratio 0.32 NA Constant
Shear modulus 8e+010 N/m”*2 Constant
Mass density 7850 kg/m”3 Constant
Tensile strength 1.11e+009 N/m”*2 Constant
Yield strength 7.1e+008 N/m”2 Constant
Thermal expansion coefficient 1.2e-005 /Kelvin Constant
Thermal conductivity 44.5 W/(m.K) Constant
Specific heat 475 J/(kg.K) Constant

Loads and Restraints

Fixture

Restraint name Selection set Description

Fixed-1 <ammuntion-rev2> on 1 Face(s) fixed.

Load

Load name Selection set Loading type Description

Force-2 <ammuntion-rev2>  on 1 Face(s) apply normal force Sequential Loading

968 1bf using uniform distribution

Connector Definitions

No Connectors were defined

Contact

Contact state: Touching faces - Free



Mesh Information

Mesh Type:

Mesher Used:
Automatic Transition:
Smooth Surface:
Jacobian Check:
Element Size:
Tolerance:

Quality:

Number of elements:

Number of nodes:

Time to complete mesh(hh;mms;ss):

Computer name:

Sensor Results

No data available.

Reaction Forces

Selection set Units

Entire Body N

Free-Body Forces

Selection set Units

Entire Body N

Sum X

4244 .81

Sum X

-0.000568024

Solid Mesh

Standard mesh
Off

On

4 Points
0.072765 in
0.0036382 in
High

6406

11001
00:00:14

JO

Sum Y Sum Z

0.0745392 -0.0589709

Sum Y Sum Z

-0.000254655

-0.000690692

Resultant

4244 .81

Resultant

81

0.000929815



Free-body Moments

Selection set Units

Entire Body N-m

Study Results

Default Results

Name Type

Stress1 VON: von
Mises Stress

Displacement] URES:
Resultant
Displacement

Strainl ESTRN:
Equivalent
Strain

Sum X

Min

12.859 N/m"2

Node: 10459

0 mm

Node: 610

3.17276e-011
Element:

4732

Sum Y

Location

(-2.48051 in,
-0.121582 in,
0.0586759 in)
(-1.6 in,
0.0825 in,

0.142894 in)

(-2.49209 in,
-0.123873 in,
0.031494 in)

Sum Z

Max

3.7829¢+008
N/m”2
Node: 6810
0.0296394
mm

Node: 6091

0.00119161

Element: 5775

82

Resultant

le-033

Location

(-0.937957 in,
0.131439 in,
0.0310245 in)

(-0.00115534
in,

0.0515532 in,
-0.0187 in)
(-0.937958 in,
0.117387 in,
0.0398811 in)



haodel name: ammurtion-rey2

Study name: Study 1

Plat type: Factor of Safety Factor of Safetyd
Criterion : Automatic

Factor of safety distribution: MinFOS =19

FOS
100.00
o152
8365

L7547
. 572
. 5912
L s09d
. 4278
. 3458
2641
1823

1003

1588

Ammunition-Study 1-Factor of Safety-Factor of Safety1

hiodel name: ammuntion-rew2

Study name: Study 1

Plat type: Static nodal stress Stresst
Deformation scale: 1

won Mizes (Mim"2)
378,280,856.0
I 346,765,696.0
| 315,241 5360
. 2837174080
. 252,193,2480
| 220,669,088.0
| 1ea14e8280
| 157,620,784.0
. 126,096,624.0

| 945724720
63,045,320.0
3,524 1660

1249

Ammunition-Study 1-Stress-Stressl
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Maodel natme: ammurtion-res?
Study name: Stucdy 1

Plot type: Static displacement Displacement1

Deformation scale: 1

Model name: ammuntion-rev2
Studly name: Stucy 1
Plat type: Static strain Straind
Defarmation scale: 1

Ammunition-Study 1-Displacement-Displacementl

Ammunition-Study 1-Strain-Strainl

URES (mm)
2.964e-002
' 2717002
L 2.4708-002

. 2.223e.002

. 1.876e-002

| 17298002
. 1 462e-002
L 1.235e.002

. 9.6008-003

| 7 4108003
4.940e-003
2.470e-003

1.000e-030

ESTRM
1.192e-003
1.092e-003

. 9.930e-004

. §.937e-004

- 7.944e-004

. 6.951e-004
. 3.955e-004
. 4 965e-004

. 3.8972e-004

. 2.8979e-004
1.986e-004

9 .930e-005

3473e-011
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Stress analysis of Ammunition
Author: Chaiwat

Company: Srinakarinwirot

Note:

Do not base your design decisions solely on the data presented in this report. Use this information in
conjunction with experimental data and practical experience. Field testing is mandatory to validate

your final design. Simulation helps you reduce your time-to-market by reducing but not eliminating

field tests.

Non fillet

Description

Summarize the FEM analysis on housing#2



Assumptions

Model Information

Document Name Configuration

housing#2 Default

Study Properties

Study name

Analysis type

Mesh Type:

Solver type

Inplane Effect:

Soft Spring:

Inertial Relief:
Thermal Effect:

Zero strain temperature

Units

Document Path Date Modified
C:\Documents and Wed Nov 04
Settings\TOSHIBA\Desktop\coolme 15:55:51 2009

design\ammuntion\housing#2.SLDPRT

Study 1

Static

Solid Mesh
FFEPlus

Off

Off

Off

Input Temperature
298.000000

Kelvin

Include fluid pressure effects from Solid Works Flow Simulation Off

Friction:
Ignore clearance for surface contact

Use Adaptive Method:

Off

Off

Off
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Units

Unit system:

Length/Displacement
Temperature
Angular velocity

Stress/Pressure

Material Properties

No. Body Name

1 SolidBody 1(Cut-Extrude?7)

2 SolidBody 2(Split Line2)

3 SolidBody 3(<Hexagon Flange
Nut ISO - 4161 - M10 - N
0.33in.>-<EndChamfer>)

Material name:

Description:
Material Source:

Material Model Type:

Default Failure Criterion:

Application Data:

ST

mm

Kelvin

rad/s

N/m”"2
Material Mass
AISI 4340 Steel, 0.0227041 kg
normalized
AISI 4340 Steel, 0.0693049 kg
normalized
AISI 4340 Steel, 0.0132036 kg
normalized

AISI 4340 Steel, normalized

Linear Elastic Isotropic

Max von Mises Stress

88

Volume

2.89225e-006 m"3

8.82865e-006 m"3

1.68199¢-006 m"3



Property Name

Elastic modulus
Poisson's ratio
Shear modulus
Mass density
Tensile strength

Yield strength

Value

2.05e+011

0.32

8e+010

7850

1.11e+009

7.1e+008

Thermal expansion coefficient 1.23e-005

Thermal conductivity

Specific heat

Loads and Restraints

Fixture

Restraint name

Fixed-1 <housing#2>

Load

Load name

Force-1 <housing#2>

Force-2 <housing#2>

Gravity-1

445

475

Selection set

on 2 Face(s) fixed.

Selection set

89

Units Value Type
N/m”2 Constant
NA Constant
N/m”2 Constant
kg/m"3 Constant
N/m"2 Constant
N/m”2 Constant
/Kelvin Constant
W/(m.K) Constant
J/(kg.K) Constant
Description
Loading type Description
Sequential Loading

on 1 Face(s) apply normal force

920 Ibf using uniform distribution

on 1 Face(s) apply normal force

92 1bf using uniform distribution

Gravity with respect to Top Plane

with gravity acceleration -9.81

m/s"2 normal to reference plane

Sequential Loading

Sequential Loading



Connector Definitions

No Connectors were defined

Contact

Contact state: Touching faces - Free

Component Contact-1 Contact component: Bonded on housing#2

Description:

Mesh Information

Mesh Type: Solid Mesh
Mesher Used: Standard mesh
Automatic Transition: Off

Smooth Surface: On

Jacobian Check: 4 Points
Element Size: 1 mm
Tolerance: 0.05 mm
Quality: High

Number of elements: 88390
Number of nodes: 135529

Time to complete mesh(hh;mm;ss): 00:00:14
Computer name: TOSHIBA-ACBS5212

Sensor Results

No data available.



Reaction Forces

Selection set

Entire Body

Units

N

Free-Body Forces

Selection set

Entire Body

Units

N

Free-body Moments

Selection set

Entire Body

Study Results

Default Results

Name

Stress1

Displacement1

Strainl

Units

N-m

Type

VON: von

Mises Stress

URES:
Resultant

Displacement

ESTRN:
Equivalent

Strain

Sum X

4478.27

Sum X

-0.0401812

Sum X

Min

4852.49 N/m”2
Node: 337

0 mm

Node: 32999

7.62106e-008

Element: 3518

Sum Y

1.02737

Sum Y

0.00017681

Sum Y

Location

(-66.6075 mm,
2.70798 mm,
-3.09133 mm)
(-3.175 mm,
-1.84692e-015
mm,

-7.9375 mm)
(-66.4311 mm,
-2.81258 mm,

-2.90273 mm)

Sum Z

-0.00258923

Sum Z

-0.000317099

Sum Z

Max

5.62718e+00
8 N/m”"2

Node: 108552

0.220664 mm

Node: 29425

0.00241773
Element:

35643

91

Resultant

4478.27

Resultant

0.0401828

Resultant

le-033

Location

(-34.6582 mm,
-0.0523849 mm,

-11.474 mm)

(-66.6141 mm,
4.04145 mm,
7.81071e-006
mm)

(-34.3128 mm,
-0.198868 mm,

11.3736 mm)
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Model natme: housing#2

Study natme: Study 1

Flot type: Static nodal stress Stresst
Deformation scale: 1

wion Mizes (Mim™2)
562,717 632.0
515,824,896.0
. 468,332,160.0
. 422039,424.0
. 375146,720.0
| 328,253,984.0
| 281361480
| 234 4655120
| 187 575,776.0
| 140,683,040.0
93,790,312.0
46,397 584.0
48525

—ield strength: 710000000.0

won Mizes (him*2)
562,717 6320
515,324 3960
. 4689321600
. 4220334240
. 3TS 1467200
. 3282539540

261 361 248.0

Mode 76254 (14 6,0,12.2 mm
= 207 915,392.0 Nim"2

Mode 86373 (1.14-013,1 .81 ,-10.4 mm
= 265,731,200.0 Mim"2

. 140,653,0400

Mode 20827 (-3.04,-0.977,1.29 mm) 53 790,312.0
= 222 506,205.0 Mim"2

46 507 554.0

. 2344655120

48525

— igld strength: 710000000.0

Housing#2-Study 1-Stress-Stress|



Model name: housingd#2

Studly name: Stucy 1

Plot type: Static dizplacement Displacement]
Deformation scale: 1

Model name: housingd#2
Study name: Study 1

Plot type: Static strain Straind
Deformation scale: 1

Housing#2-Study 1-Displacement-Displacement]

Housing#2-Study 1-Strain-Strainl

URES (mm)
2.2078-001
20238001

L 1.83%-001

. 1.B552-001

_ 1.471e-001

L 1.287e-001
[ 1 10e0m
| 91942002

| 7.3552-002

| 55172002

3 E78e-002

1 839e-002

1.000e-030

ESTRM
2.418e-003
2.216e-003

. 2.015e-003

- 1.813e-003

- 1612e-003

- 1.410e-003

| 3 1.209e-003
. 1.007e-003

. §.060e-004

. 6.0452-004
4.030e-004
2.015e-004

7 E21e-008
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Model natne: housing#2
Study name: Study 1

Flot type: Factor of Safety Factor of Safetyl

Criterion : Automatic

Factor of safety distribution: Min FOS =13

1=

FOS

100.00

177

§3.54

7532

57.09

5886

053

4240

347

. 2585

1772

948

1.26

Mode 36355 (2.09e-015,-5.9,5.07 mm
=472

Housing#2-Study 1-Factor of Safety-Factor of Safetyl
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100.00
aMT7

3354

. 7aa2
_ B7.09

_ 5886

3063

4240

. 347

. 2383

1772

944

126
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Stress analysis of Ammunition
Author: Chaiwat

Company: Srinakarinwirot

Note:

Do not base your design decisions solely on the data presented in this report. Use this information in
conjunction with experimental data and practical experience. Field testing is mandatory to validate

your final design. Simulation helps you reduce your time-to-market by reducing but not eliminating

field tests.

Fillet

Pressure

Description

Summarize the FEM analysis on housing#2



Assumptions

Model Information

Document Name Configuration

housing#2 Default

Study Properties

Study name

Analysis type

Mesh Type:

Solver type

Inplane Effect:

Soft Spring:

Inertial Relief:
Thermal Effect:

Zero strain temperature

Units

97

Document Path Date Modified
C:\Documents and Settings\TOSHIBA\ Mon Nov 09
Desktop\coolme design\ammuntion\new 08:22:19 2009

test#2 ammuntion\housing#2.SLDPRT

Study 2

Static

Solid Mesh
FFEPlus

Off

Off

Off

Input Temperature
298.000000

Kelvin

Include fluid pressure effects from Solid Works Flow Simulation Off

Friction:
Ignore clearance for surface contact

Use Adaptive Method:

Off

Off

Off
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Units

Unit system: SI
Length/Displacement mm
Temperature Kelvin
Angular velocity rad/s
Stress/Pressure N/m”2

Material Properties

No. Body Name Material Mass Volume

1 SolidBody 1(<Hexagon Flange Nut  AISI 4340 Steel, 0.0132036kg  1.68199¢-006 m"3

ISO - 4161 - M10 - N 0.33in.>- normalized
<EndChamfer>)
2 SolidBody 2(Cut-Extrude?7) AISI 4340 Steel, 0.0227041 kg = 2.89225e-006 m"3
normalized
3 SolidBody 3(Split Line2) AISI 4340 Steel, 0.0727941 kg  9.27314e-006 m"3
normalized
Material name: AISI 4340 Steel, normalized
Description:

Material Source:
Material Model Type: Linear Elastic Isotropic
Default Failure Criterion: Max von Mises Stress

Application Data:



Property Name Value
Elastic modulus 2.05e+011
Poisson's ratio 0.32
Shear modulus 8e+010
Mass density 7850
Tensile strength 1.11e+009
Yield strength 7.1e+008
Thermal expansion coefficient 1.23e-005
Thermal conductivity 44.5
Specific heat 475

Loads and Restraints

Fixture

Restraint name

Fixed-1 <housing#2>

Load

Load name

Force-1 <housing#2>

Force-2 <housing#2>

Gravity-1

Selection set

on 3 Face(s) fixed.

Selection set

on 1 Face(s) apply normal force 920
Ibf using uniform distribution

on 1 Face(s) apply normal force 92 N
using uniform distribution

Gravity with respect to Top Plane with
gravity acceleration -9.81 m/s"2

normal to reference plane

Units

N/m”2
NA
N/m”2
kg/m”3
N/m”2
N/m"2
/Kelvin
W/(m.K)

J/(kg.K)

Description

Loading type

99

Value Type

Constant
Constant
Constant
Constant
Constant
Constant
Constant
Constant

Constant

Description

Sequential Loading

Sequential Loading

Sequential Loading
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Connector Definitions

No Connectors were defined

Contact

Contact state: Touching faces - Free

Component Contact-1 Contact component: Bonded on housing#2

Description:

Mesh Information

Mesh Type: Solid Mesh
Mesher Used: Standard mesh
Automatic Transition: Off

Smooth Surface: On

Jacobian Check: 4 Points
Element Size: 0.17728 in
Tolerance: 0.0088639 in
Quality: High

Number of elements: 3469

Number of nodes: 6443

Time to complete mesh(hh;mm;ss): 00:00:04
Computer name: TOSHIBA-ACBS5212

Sensor Results

No data available.



Reaction Forces

Selection set

Entire Body

Units

N

Free-Body Forces

Selection set

Entire Body

Units

N

Free-body Moments

Selection set

Entire Body

Study Results

Default Results

Name

Stress1

Displacement]

Strainl

Units

N-m

Type

VON: von

Mises Stress

URES:
Resultant
Displacement
ESTRN:
Equivalent

Strain

Sum X

4108.78

Sum X

0.00325422

Sum X

Min

19030.2 N/m”2

Node: 3042

0 mm

Node: 3362

1.68755e-007

Element: 1141

Sum Y

1.73596

Sum Y

0.000226215

Sum Y

Location

(-2.61976 in,

0.167323 in,

1.69104¢-016 in)

(-0.125 in,
0.218856 in,
0.3125 in)
(-2.55234 in,
0.0763727 in,

0.0219611 in)

Sum Z

-1.47322

Sum Z

-9.045e-005

Sum Z

Max

3.46449¢+008
N/m”"2

Node: 3922
0.0978014 mm
Node: 3042

0.000981047
Element:

1586

101

Resultant

4108.78

Resultant

0.00326333

Resultant

le-033

Location

(-1.32967 in,
0.114436 in,

0.421249 in)

(-2.62109 in,
0.163709 in,

-1.56116e-005 in)

(-0.140001 in,
0.0102703 in,

0.0707455 in)



Model name: housing#2
Stucdy name: Study 2
Plat type: Static nodal stress Stresst

Probe Result ?

¥ X B

Options

»

(&) Ak location

() On selected entitiss

Results A

Mode  Walus (N/m™2)
5210
2792
1478
5479
4454

diin) v (n) | Zin)
3219731840 ..3296 11442 42125
230975664.0 11976 49896 52677
224261376.0 11976 17524 99355
98510720.0 E-017 82857 44518
122972800.0 68503  0.11 48703

aaaf

Report Options A

@ @ ke

hiz 346 449 024 0

- @

Modkel name: housingd2
Study name: Study 2
Plat type: Static nodal stress Stresst

Mode 5210 (-1.330.114 -0.421 in
= 321,973,184.0 hlim"2
Mz 346,448 024 1)

Hode 4454 (-0.685,0.11,0.487 in
= 122,972,800.0 Him*2
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won Mises (Mm*2)
346,443,024.0
317,579,8720

. 288,710,688.0
. 259,841 5200
. 04T 520
. 202,103,200.0

173,234,0320

| 144,364 8640

L 115,495 6950

. 866265280

577573640
28,588,196.0
19,0302

—ield strength: ¥10000000.0

won Mises (Him*2)

| 288,710,668.0

346,449,024.0

F7,579,872.0

. 258,841 ,520.0

| 2309723520
| 202,103,200.0 3
173,234,032.0
| 144,364,864.0
| 115495698.0

86,626,528

Node 2752 (-0 12,0 049801 0527 I
= 330,375,654.0 Nim*2 ! |

Mode 1476 (-0.12 -0.0175,0.0994 in -
= 224 261,376 .0 Nim*2 b I

Miodle 5473 (6 37=-017 -0 0529,0. 445 in

=85 510,720 0 Mim"2
v

A

*Isemetric

18,0302

rtrength: 7100000000

TSNS ool Madal | Malian Ghidw 4 | 3L Stac 2 (30 Shodud T Chided T

Housing#2-Study 2-Stress-Stress|
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Model name: housing#2

Study name: Study 2

Plat type: Static dizplacement Displacement1
Deformation scale: 1

URES (mm)

9.780e-002

I §.9652-002

. §.150e-002

. 7.335e-002
- 6.520e-002
. 5.705e-002
- 4.890e-002
. 4.075e-002
. 3.260e-002
. 2445e-002
1 B30e-002
§.1:50e-003

1.000e-030

Housing#2-Study 2-Displacement-Displacementl

hodel name: housingd2
Study name: Study 2

Plot type: Static strain Straint
Deformation scale: 1

ESTRM
9.510e-004
§.993e-004

. §.176e-004

. 7.358=-004

- B.541e-004

. 5.723e-004
- 4.906e-004
. 4.059e-004

L 327Te-004

. 2.454e-004
1.636e-004
§.191e-005

1.655e-007

Housing#2-Study 2-Strain-Strainl



Model niame: housing#2
Study name: Study 2

Plat type: Factor of Safety Factor of Safety!

Criterion : Automatic
Factor of safety distribution: Min FOS =2

)

OERE
3

iR A

+ | options

»

| (3 At location

4
=
¢ O 0n selected entities

v

Results

»

Mode |Walue & (i) | (ny |2 (in)
J 4240 6.73  CE-017 71541 44549
5203 4.19 3474 12663 ).4828
J 1476 3.17 11976 17524 99385

2799 3.10 11976 72083 26236

= || 2257 6.48 69913 14567 FE-008
] 4476 5.05 77403 0.11 48703

e

. | Report Options

FEOERE

¥

A

*lsometric

Min: 2.05

WMol rame: housing#2

Study rame: Study 2

Plot type: Factor of Safety Factor of Safety!
Criterion : Automatic

Factor of safety cistribution: Min FOS = 2

Wode 5203 (-1 35,0127 -0 463 I
=418

Madle 2257 (-0 699,0.148 -1 27e-008 in
=646

Modle 4476 (.

100.00

9154

8367

. Tas

. B7.35

5919

a1.02

. 4286

. 3470

. 2654

o 1837

1021

203

10000
9184

8367

L7581
L B735

5318

l 5102

470
Hode 4240 (4 482017 0.0715, 0442
=673

Mode 2799 (-012,0.0721 -0.0262 in;

=310

Housing#2-Study 2-Factor of Safety-Factor of Safetyl
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Fatigue analysis of Ammunition
Author: Chaiwat

Company: Srinakarinwirot

Note:

Do not base your design decisions solely on the data presented in this report. Use this information in
conjunction with experimental data and practical experience. Field testing is mandatory to validate
your final design. Simulation helps you reduce your time-to-market by reducing but not eliminating

field tests.

Description

Summarize the FEM analysis on housing 2-Fatique

Assumptions

Model Information

Document Name  Configuration Document Path Date Modified
housing 2-Fatique  Default C:\Documents and Settings\ Thu Jan 03 00:56:55
Administrator\My Documents\ 2002

CAD\housing 2-Fatique.SLDPRT
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Study Properties
Study name Fatique

Ambsswee e
Interaction between event Random

Siess companent o alfemating s compuaton Fquvalentsiess (von Mise)
S-N curve interpolation Log-log

Faiguesrength reductionfeorKD _
Shell face
Units

Unit system:

Temperature Kelvin
Stress/Pressure N/m”2

Material Properties

No data available.

S-N Curves

SN curve -1.000000
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S-N curve name: SN curve

Alternating stress vs Cycles

Data Points:

1.8906e+009

1.0721e+009

2000 7.0265e+008

swo o smsees
10000 4.636e+008

I
50000 3.3539e+008

dees e
2e+005 2.6005e+008

1e+006 2.05e+008
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Alternating Stress(Mfm*2)

§.00-08L e S SR TR T RRI e

EI.':'O_:E ............. .- ............. ..............

4.00_:5 ............ .- ............. ..............

2 [0-08 t t F F '
2.00=05 5.00-05 7.50+05 1.00+06

Cycles(MAA)

0.0

SN curve

Loads and Restraints
Events

Name No. of cycles Loading ratio( LR ) Study(s)

Event-1 50000 -1 Study 1



Connector Definitions

Contact

Mesh Information

No data available.

Design Scenario Results

No data available.

Sensor Results

No data available.

Reaction Forces

Reaction Forces not available.

Free-Body Forces

Free Body Forces not available.

Bolt Forces

No data available.
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Pin Forces

No data available.

Study Results

Default Results

Name

Results2

Resultsl

Results3

Type

Life plot

Damage plot

Factor of

safety plot

Min

74049.8 cycle

Node: 10188

0.05

Node: 1

1.07428

Node: 10188

Location

(-1.31758 in,
0.11 in,

0.422429 in)

(-1.74774 in,
0.144906 in,
0.0836614 in)
(-1.31758 in,
0.11 in,

0.422429 in)

Max

1e+006 cycle
Node: 1

0.675221
Node: 10188

28934.2

Node: 6253

111

Location

(-1.74774 in,
0.144906 in,

0.0836614 in)

(-1.31758 in,
0.11 in,

0.422429 in)
(-2.61976 in,
-0.118315 in,

-0.118315 in)
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Model name: housing_2-Fatique
Stucly name: Fatigue
Plot type: Fatigue Resultts2

Total Life {cycle)
1.000e+008

‘ 9.228e+005
| B.457e+005

- 7.EB5e+005

- B.913e+005

. B142e+005

. 5.370e+005

| 4.589+005

. 3.827e+005

. 3.055e+005
2.2B84e+005

1.512e+0035

7 405e+004

Housing_2-Fatique-Fatique-Results-Results2

Model name: housing_2-Fatique
Stucly name: Fatigue
Plat type: Fatigue Results1

Damage
6.752e-001
6.231e-001
L 5.710e-001
- £.189e-001
- 4 663e-001
- 4.147e-001
| 3 626e-001
L 3.105e-001
. 2584e-001
. 2.083e-001

1.542e-001

1.021e-001

5.000e-002

Housing_2-Fatique-Fatique-Results-Results1



Model name: housing_2-Fatique
Stucly name: Fatigue
Plot type: Fatigue Results3

Safety factor
2.893e+004
2.652e+004
2411e+004

. 2.170e+004
- 1.929e+004
. 1.688e+004

1.447e+004

.

. 1.206e+004
. 9.645e+003
. 7.234e+003

L 4 823e+003

l 241204003
1.074e+000

Housing 2-Fatique-Fatique-Results-Results3

113



MANUIN A

51082188AU0RNOAURTUIINNTUATINIFNMITUN



SAA Pamphlet 23-1
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SECTION XII

5.56MM AMMUNITION

Cartridge, 5.56mm, Ball, M193
AMCTCM: 5143
SPECIFICATION :

WEAPON :

BALLISTIC PERFORMANCE :

VELOCITY :

PRESSURE :

PORT PRESSURE :
ACCURACY :
CARTRIDGE :
CASE :

Cup :

BULLET :
Bullet Jacket :

Cup:

Slug :

PRIMER PERCUSSION:
Drawing No. :

Primer Weight :
Composition :

PROPELLANT :

STATUS: STD A
MIL-C-9963

Rifle, 5.56mm, M16; M16E1

3250 £+ 40 ft/sec at 15 feet, Std Dev

40 ft/sec max.

52,000 psi max. avg.; avg. pressure plus
3 Std Dev 58,000 psi max.

15,000 psi + 2,000 psi

2.00” mean radius max. avg. at 200 yards
D10523632 — 182 -14 grs

C10524200-94 — 5 grs

Copper alloy (70/30) No. 260, Annealed,
Spec MIL-C-50

C10524197 — 56 — 2 grs

17.5-1 grs

Copper alloy (90/10) No. 220, Spec MIL-
C-21768, Annealed

38.5 — 1 grs, lead-antimony, Spec MIL-

L-13283, Grade 1

B10534013
4.0 grs approx.

Lead styphnate

Spec MIL-P-3984
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IMRS8208M WC846

Drawing No. : C10535450 B10534784
Type : Single base, tubular Double base, spheroidal
Weight : 25.5 grs 28.5 grs
IDENTIFICATION : Plain tip

PACKAGING :

F10523635 — Cartons; Box, Ammunition, M2A1; Box, Wirebound — 1440 ctgs
Est. Wt.: 59.4 1bs.
F10534605 — Cartons; Bandoleers; Box, Ammunition, M2A1:Box, Wirebound
1120 ctgs Est. Wt.: 50.84 1bs.
F10535858 — Cartons; Box, Ammunition, M2A1; Box, Wirebound — 1640 ctgs
Est. Wt.: 64.54  Ibs.
F10542258 — 10 rd Clips; Cartons; Bandoleers; Box, Ammunition, M2A1; Box, Wirebound

— 1680 ctgs Est. Wt.:  68.77 Ibs

SAA Pamphlet 23-1

Cartridge, 5.56mm, Blank, XM200

AMCTCM : 5237 STATUS: LP
SPECIFICATION : MIL-C-60616 (MU)
WEAPON : Rifle, 5.56mm, M16; XM16E1 with blankfiring attachment
BALLISTIC PERFORMANCE:

SCREEN PERFORATION :No perforations in paper screen at 15 ft

CYCLIC RATE : Min. 550 rds per minute, max. 800 rds
Per minute

CARTRIDGE : C10542379, 109.5 — 4 grs

CASE: C10534927, 98-3 grs

Cup: Copper alloy No. 260 annealed, Spec MIL-C-50



BULLET :

PRIMER, PERCUSSION :

Drawing No. :
Primer Weight :
Composition :
PROPELLANT :
Drawing No. :
Type :
Weight :
WAD :

IDENTIFICATION :

PACKAGING :
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None, Case Mouth closed with 7 petal

Rose crimp

B10534013

4.0 grs approx.

Lead Styphnate

HPC 13

C10542380

Double Base, Flake

7.0 grs

None

Cannelure approx 72 “ from head and case

Mouth closed with 7 petal rose crimp

F10542291 — Cartons; Box, Ammunition, M2A1; Box, Wirebound — 1880 ctgs

Est. Wt. :

51.4 lbs.

..... Cartridge, 5.56mm, Inert Loaded, M232

MCTCM : 4485
SPECIFICATION :
WEAPON :
CARTRIDGE :
CASE:
Cup:
BULLET :
Jacket :

Cup:

Slug :

PRIMER :

STATUS : STD A

MIL-D-60254(MU)

Rifle, 5.56mm, XM16E1, M16

D10534146, 181.5—7.0 grs

C10533842,94 - 5 grs

Copper Alloy No. 260 Annealed,Spec MIL-C-50
C10533843, 56 — 2 grs

17.5—-1 grs

Copper Alloy No. 220 Annealed,Spec
MIL-C-21768

38.5 -1 grs, Lead Spec MIL-L-13283,Grade 1

None
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PROPELLANT : 31 grs Sodium Carbonate Monohydrate,
Spec 0-C-275
IDENTIFICATION : Cartridge, chemical black, Spec MIL-F-495
PACKAGING :

F10523635 — Cartons ; Box, Ammunition, M2A1; Box, Wirebound — 1440 ctgs
Est. Wt.: 51.4 1bs.
F10535858 — Cartons ; Box,Ammunition M2A1; Box, Wirebound — 1640 ctgs

Est. Wt.: 64.54 1bs.
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