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= Reliability Requirement & Activities

Planning : = Fault Tree Analysis
= Benchmarking
= Functional FMEA

(FTA) o
= Reliability Block Activities
= Critical Reliability Diagram « FTA

Function « Hardware FMECA = Reliability Block
= Reliability Trade Study

; Activities

= Reliability Prediction Diagram i CREK
= Critical Item List . ?Somponem —

= Probabilistic Design ubsystem

. : = Reliability Prediction
= Design of Experiment AT 27
(DOE) = Reliability Critical
Items List
= Probabilistic Design
= Highly Accelerated

» Reliability Critical Items List
» Probabilistic Design

« Highly Accelerated Life
Testing

» Design of Experiment (DOE)
= System Reliability

= Component Testing

Life Testing Demonstration
= Design of Experiment FRACAS o
(DOE) = System Reliability
« Component Stress Ass.es§r_nent
Testing = Reliability Growth Plan
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(a) Miniature mechanical SAD  (b) Stainless steel frame
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@ Sethack force @ Centrifugal force © Exit

1,000 ~ 20,000 G
Muzzle

2,000 ~ 20,000 rpm

= Sectback acceleration
= Spin rate
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Distance
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(a) A sample afier the (b) A sample after the
safety distance test arming distance test

Firing direction Firing direction
’ 4 Setback
: + Centrifugal o ou force
Setback P 5153
} r‘f g ,-' % force i o Ball
oree S t " Centrifugal

force

v
Cantilever

(a) Mass spring type by ARDEC  (b) Ball driven type by KAIST




IS5l 255 5 095980 lag s 13U Cow (gl (Sl ke g (el Ailols (Sl (slelad

Croo b odd ()05 50, (o83 2 el 5 (ol aliws o)l y0 (s2g5? Olsie b o lear Al
sl il aigs 1) las cpl (o Sgigila ollisls Silo  qwaige caSiiils 51 (Y V0) il ) Kan o KB
ools drwgl o Looads (g I35 50, g5l sl oolasnl LI, all s (5, p» pded 5 Goul by SO allis o] jo
SRS ope Gam 4 E5 > 39 (o0 gaine j9S e j9ud SleeS g ez 5l j0d (nl S eS sl olul ]
Gl o a5 Cl (29050 Sz 5 Wz el Sljsed anngt )3 (MEMS) (Sl 2Tl 5 oo (sloracinn

ool oo ools lis 59.8 pl A bgs e polal e LSS o .l 48,5 (1,8 4z g5 050 0 alde

Ao S b dlie ;3 s (529 gk 5 (o] g S5 o ol




V-shape beam

interrupter

pawl

o0 (5928) gband g (osl alinsg (15 (gl

Goa p (S (5T g s 5 (dosl dlowg (55l a2 LS00 lgie b oty allie
SilSag 58Tl g5 (sl ailolus 00zl el ailalos (g jloro g Julows ol8iialejl 51(Y ) +) (2], Ke g g
0397 3 iz o a8 LT g e g (el by (5 lome Alie ol 5o Lol il g | Alie ol il B o
Slfe 231 g s g con) ailoles lodlad  oled jaud oyl il ools misgi |y wil o oo sl ;9.9
M Lg‘).’ s)i.ié S )‘ ] g,a.io )W.ul.».» c_is Sgd> 4O ui > LY L$‘|L> 99 WS (o tnL?u‘ ‘) J5‘.).~o
S S5k T AL S (69, (Fop (oS sl 600,55 ol o a4y (SlSs el 0y
S5l (aids 0 @ 4 TA/IW oyl oL ,>) STANAG 4187 s jlasteu! [Lae b 55T ol ool oo
03,51 j9:8 0yl 4 bogs e polas dslol jo .0,ls 5L S Sl (65, Slg o PYO Lss a4 (u5lel sl g 00

] 00U



Power supply —=

Electronic
circuitry
8.21mm
thick

Si-based
safe initiator
400pm thick

Mechancal
arming
function
3mm thick

Inerdalpin Initiatorwith

Energeticmaterial

Secondary . '
explosive

Ol omr du slod g o (Goud) 5T g medias 9 (ol alig (s3]

Power

supply ~

1«—?05 s

82lmm

DC/DC
converters

PCB >

Analog controller

switches

Si-based safe
initiator —
«— 84mm —>

«—PCB v




O olal g jee G9ad) il g e g (ol by (132

gas

Initiator l ’

b- Mechanical
- arming

a-In safe
state

Initiator ll'

d- Secondary
explosive
initiation

c- Electrical
arming

Ol o1 g g >l he 9 oe Goud) (5T g geadand 9 (ol Ay (132

S )093 Sy p b ol sl sl g 5o (598) el g (sioal aling




i oked g ool aliwg o Ja8 (ISg5le gl (gl ojle lielsl Gl (g5l A g b il dllde

oo 2
&lp a8 g,y S i ol jo il atig |y (Ldos g (g5le and allie opl e 5l 231K 5 gile Sign
cwlin odigy wgasme lodl slo 1381 o 5 5l oolainl b el ouls 4l o0 &l ol lawebl ol g5le ancs
5 Sle Jad g5k laedol colild T 51 oolatwl b aS sods (B yme ylicedol coblE sleldos sl (sl
S ol & 538 ol IS 3 o Sleiy 55 3,90 3B ISyl (sl (o35t sl lone ol 59
ol J&5 35 10 38 pe 5l g, o 4 asS e ol5T 1 ool a8 SO xSl easms o G ol 45
e psY Sliss S Oliae 398 (o0 000dS (g Seoms 4 93 51 (AU 35 e 5 2 S 595 ST 4o el
godad Caxdgo (o Jaudl S (gl 09d o pedaid Wl Ao &S 1 Hudll aS e (sl 8 Jagl s
3908 cpl ) bgy e palal .l oo plodil alae cpl jo g5le cpl Judos a5 oo oolail Jad I5g5l G 5

ol 00 03591 v sledS o

] ] o] [ 2

(a) Fuze with MEMS S&A (b) MEMS S&A device
1—Detonating tube base; 2—MEMS S&A device; 3—Electric detomator; 4—Electric thruster: 5—Electric detonator base; 6—
MEMS spring; 7—Second safety lock: 8—Top plate; 9—Cover plate; 10—Middle plate; 11—Latching mechanism:;
12—Arming slider; 13— First safety lock; 14—Bottom plate; 15—Detonating tube.
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Cowmplete chisplacement constraint

(a) FE model (b) Simulation result

sl e i IS 53l g0 lall el




Electric_thruster

7Tt works and deforms
the latching read

\ Y
\i\ :%n_/ b/
——— I pet
Wit posiion o€ the eatrifiga W .| aryoenter postionof the

insuranze mechanism —

(a) (b)
oo 3363 5 audlel sledad (pud b, IS 5)b

Py 3 yuws Tl 568 S 50 Sl (6l 0 shaiedis das e sl ojle (g3le g (lgie b pian dllis

L sl 5 sl
ol 5 LT il aing ) allie ol ez 55 (ot Jlodd (6] At (6518 duacasga 51 (V- VA) il Ko § (550
@ a5 Sl (6,5 g5l s Mol jaud il 00 S Caiogi 29 A ) e Mol jaud Sl g LSl ks
AT 5 el (ol By ogdle 5508l 09 (oo i gl Al lo glS o apad Slajed lx
slo AglS a8 Lxil 5100 go oo oy ala oaigd Colaw glS Sy 4 o 5928 (argai b B o (oend osigdd
Ohed (ul andl S wisd (oo (g9 Jlars @ad Ay )3 (b)) (1 052y Sl 4 4kl I Sl ple by g
ol 88 ly 05d (oo s el b T (Swisd colam Sl aile olyee cnl coenl 03Y 5 Wl gl s
Colae JSg5le lea b jaud 4y )l590 (pl b cwl 0,5-aS ¢ elads Ko yuds sae 90 sl wyas 5908 JIS]

el 00 08551 puane Dol 558l sl g LS canlsl [0 g JEe Saigd

Fixed collar Ball bearing
Shaft Z X

Projectile

Fixed collar

Trajectory correction fuze

Fixed canar(b‘

N

Bottom bolt

gl s & e ol 5508 JLail 5 izl g g aw sl




Rollers Right ball bearing

\h

Shaft - Casing Thrust bearing  Gaskets Bottom bolt

ol o &y e ol 5508 JLail 25l sl (6 lnil Gom a5l

Barrel Chamber throat Band

Breech

add algl jo AslS (625,18 09,55 by o 4w sl

Cmadgh s duge (2 aielign Slogs slp J505 9 5lgn Seslad? (lye L ot allis
Sloge arogi 5 (Byre a4y dlio 0l ;0 Gudgh-Cuts Sgmil i Glall (Sighy duwgs S| 55 5 Guaglgosts
hni b ol e 45 00 ol clie ol 4o 0l aibla,y SasS slal g S b pdy Colus g azadien
ool O rl b oged 0 alali g pdy Culsa |) Sl BT L Slege i S 9 S5 (Sl a5l
SR codigd Zulas S8 logs poghe b Sl Al (oo i Ll 0 cDloge (250 et (liH
Ve b 5d b Slogo 5l (5 0 (oo ik cllie (l )0 0,8 ales L] Slowdis ousl o1, (6 pSeiir
51 g s g oul by s ogdle a5 s Mol 558 5l soliiuwl b &Bly jo el oads wll 55 yiends
5 =l 4]y (oond 0sied Culas e Sloage g5 (o0 0)l3 oae 2 | Al e ST B Culie 4ty
P B ot gl Eits dasgo 05 b () ahall oigd Culas Aol S 4 928 So GAgas L B e



— | : Upward spin-stabilized ballistic phase
eight
ght Apogee Il : Wings deployment phase

Ill : Steered gliding phase

IV : Terminal guidance

|\-</ )

Target B

‘@
-«

Gun Increased range » Range

Colaa g dgls 5 onigd Culae AolS (g3l s dslio jlogas

«s,lxail glas )f)'LZ:T SO Lol adgi oligS Jlws Sad b (g5l daseior laie b gl dllis

Al ale 1) dlie pl e SG58 cwdige 00l jo gland Slge duwge 31V V) (Ul e g >
9y ool laasS o Wl (ESAD) S p Sl slo a8 )0 cape Hlown S (EFD oolsl glae sl ol
] L0595 Y Sl 5l o el o) ole dasein g lols ‘«_;%99)35'” lojed 938059, 0,0, L
izl 00 (655 ojlail (g, lail glis )f)'l.{\ SO L oads adgi oligS Jlaws Sads by callin ol jo
29 Sl 4 (b, 4SS yes el sads L3I uilagel Bkl e, b (oy2 ges 4 Gl s 2100
el 00l (Byme Sad b 380 o s sl

° O Lg)b'né.}‘ uaj,s S5 uu)LcT 6‘).3 J)'LS 0l p LgLi‘...é S5 x_i».L.o )'| (EF') Lg)L?LéJ‘ Lgl..i..é )f)LcT Wb
0dy slid e pus sl Slaln [l il pl boad 0dgy Sel Wb 580 aile b g (6,5 ojlasl o S
5 el bl Coral 415 AT (535,559,555 (sl 05 (50 s S S L] 1 oS
o315l (9,50 YO Cealieds ) 0y (5L oligS jloms Sgs Ludly (LIF) pgid 0o ,5k6 02y L (5l 0,8
Gﬁf o)"..&.;‘ du.al.as.»l.) ¥.0 l.g).g‘).g J}m uLo) Ode 9 dquJ B ‘Y& l.gﬁ‘).g A Q:;‘;)AAJ o] 0l Gﬁf



20

154

-
o
1

Particle Velocity(km/s)
o
o

o
o
i

—e— Experimetal
w— Analytical
—O= Simulated

20

Time(ns)

50

4.:.15&’2)5 ;l...lpu @bbu'lmljﬁ5(g55md.]b)uu)w ﬁo&ﬁduo)éuﬂal)@)bw

Shock Duration (ns)

40
<430
420
10
—@— Peak Pressure
=== Shock Duration
T T E v 0
10 20 30 40 60

Flyer Thickness (um)

Peak Pressure (GPa)

40

Pressure(GPa)

104

—— 13um

Time(ns)

Obey Do g el ainion jlid o Sod by S5 oy lid Cualid 13U g p sl jloges

b i 4

& o
" L

Shock Duration (ns)
w

-

—0O== Shock Duration
—&— Peak Pressure

g S

2 3
Impact Velocity (km/s)

4

3

8
Peak Pressure (GPa)

3

10

@ &

404

Pressure(GPa)
3 8

-
o
A

—c— 1.60km/s
—o— 2,60km/s
—e—3.61km/s
—e— 4.60km/s

-

Time(ns)

Sod oloy S g Gy aiden JLad o Sed Wb JSO poss

slie cepw 250wy p slologes




(b)

Foil bridge

Substrate

5 () 9 )lgo 5l () & j90 4 (5 kil sl gl

o Sl K25 S e S syt ol 3 Shas aallod e b s Al

il 4 ) Alie ol Kaols 6 lib g le olKetals (SilSe pmikie oSl 5l (Y 1Y) il an 5 (sb
i ol ol 0 sl i 3 538 sl S5 3 S s oS 5 i 5 o5dite
Sy 5 5 oS S Ll sl S35 o5 ol 55 S5 L S b5 5 s Sl
5 eeole SO Lyl il 0 oSl B oo jlo 1,8 adad Condg )0 g (Sl 0ald dnsd ] 0 55 CS > 0,8
el ol (g3l aned catin loj D g dald b (pwgiaw dond Gy SO LSS 0SB QL b yee
Sy @by e 5 ST 5L elul ol ais 5 18 aslllas 5550 gigm (Seolad Joo el o
SLLL diged 98 (g3l drd 50 el 0ad Lot Sealind (6595 olal 2 g 0 ool S (SD Jb parsids
gl Slain o)l Chllhe 6,555 Glddos b (g5l and ol ol oalds Jlosl mdgu 45 (cwsiow dard
aslol 5> S Sl plisabl o relao 5 el Sl 5 5528 085 ke els S W5 oo g (oot
el 00 00,91 Alie 'l 4 bgsye gl



Anchor . /
,§|de board(2) Vi

__-—.-
~

Micro-Zigzag slot
— mechanism

Electrical connection

Stopper latching system

Mass
block

Side

P board
Spring

i MEMS

Spring

Micro-Zigzag
slot mechanism

398 Sl (oS g, g sl pglas

Top electrode
Top support beam

Top contact

Latching beam ‘ . Movable contact Central support beam

. . | Central

| 4 clectrode
¥ Pl
Stopper
Bottom
clectrode

5922 lp (SS9 ,Se g (SOl sledad g SG S SliS LS sl pgad




»2 1 Ll SYlie (s’ guds o

blisul (phagh oSS L ol oo l)5d 5 gedud 5 (ol sl ailels 05> 50 o3 Jlo iy Ve 5l &5 SIS

395 69y 2 7y JB Slllhas g hiagh vo jeie (gl adsd Dlnld e Glony Sliudgase 3525 L
39, oo Ll I el plol Jl jo Ll o ) Slos lcebsl cobl8 201581 jelate 4y Oloedd 5l aiws oyl
ol ez clr,5iS la ol 5l Slrakas ol JolS i aals woans] Jlu Yo b as

S S b8 0392 99 )0 gl 5 (sial Sl alelos 055> ;5 ledgly 9 Dliniod 1 gl oses i3y
Sl a5 san] [0 09, oo Hlanl g Cel suls 35 eie (MEMS) Sl 25Ul 9,500 sl ;948 9 (ESAD)
Ailgs oo 398 ol 5l ool lads oS Wyl ouis | Slags 5 Slonds jo gliw 4 iii boje8 ol 5,90
S Glls S8 5 Slvls ilusiadsn 5 55le SsS «

eSS ) ooliil b adly 1o ol plal b 4 Wajaed livabol coull sl 0555 4o slesslo aig
o bl Jlo 53 09> (nl 5o (ade sleasle aned g Lldos (liebl coblB Jlod )0 oud anslis
sk

Sloge drgh G & B g 9 (G0 (55> ialign ol Colaa Slowlid (4938159, 005 4 a2 5 L
8 0digd Colur e sla AolS g Sl bows Jeli oS o ol .l plel s 0 onisd Colas
58 g ol (gl 5l oolial 5 sl joud agas b Boee o5 Cal 902 sigd Colas sl dJglS o,
Dl & (s Sl oS o oSl 5 SzsS lS  Slage Args a8l o pldl >
3 Ly Ll ol odigds Colan Slageo 5l diws (pl drwgi .Canl arwgr Jlo j0 lired g 0ol &)l dgaids
9 b Slikes Olg IV e (asu Sl pSetar Al g (9 abali () icudls walys ol jen 4
sals g Jedl oo Slosles lonogase 51 jgue (F 5l 0,90 Sloedud olows zals (¥ )] 0, o5 )|
Sl bk i Slage adgi anze (1al5 5 (ce108 Slages 5l (625 00 (O (ol (ol Dl yiSair
Bl e 3 5 403l 1S (6 oS 3 4y el ek 5 stenl allals 555 slasl o b8 i
il Gl 5 ol Gl

coghy SYlie Jolod p (e lljeud) s 5 (oal (sl ailels oan] dngs Wy, (i Gy ey JSS 0
el 00 s 5 sl Ml g g b sy s i (o



SzsS slajed sla LSl anwss

2 e Ry 0 ]) (B35:8) Zds 5 osl (sl dilols 00T drsgs Wig, (cum Law Sl e
gy Yl Jdow

9 o) b dlbolw (59l ! gl sl cos Vel

*.

G sly (Sl edad 5 (ol ey Gloze b Jol gl sl el
598 el el odiliy b @ gyl gl ed losle jo 1) gl ol I 50l @gbl 8 i 51 (Y1 Y) jols

sl 33 352 o rhons (31 5 ol 350 51 52,5 53) DDlor 5y s s o a3y S Lol g5 3
ol ol ools LaS j9ud ol gl



20

i 74
38
' 35
20b - | - 23
24 i 38- 34
41 40

- 32

32

aJ

—] ) J
. Sda ‘_,_1:: 3 ] - 430
i {1 R | SRS
56— | zqh—hﬁr 5 T 1%
o
L 43k sl
ot | L— Las |
N L
2T 282 1‘ U:F”E% , O
57— | ]
78 | ~57a — 31
¢ |
P

Sl boled ki g (oul ailoba )0 5959, (s > Sl 90 pguas




«Sig 2SI 3T 5 e s sl alowgy Glsie b poo gl il oo

5 Tl e sl oyl sl 03,5 o 1y gl Gl usle 9aSY (el S8 A (Ve S e
(FO- Fee) iy anlipy BB abiwg b S5 g (Ve o) S i Jodo SO slls (ESAF) (Soig usUl s
e Eigms st SIS Sead Gl ol Sgzg Sldge (psSUsS lsil 5o il gan Sy ol 45
bsgs ol poo (Silio oo dms 5 998 (o0 J5HS st 55y ol BB aliasg b a5 el (Sl
el (il glid ST S gyl (F1 ) joed ol (T e 055 (o0 JyS psd iy el ales
el 00 00,91 o JSb 40 j9u8 (! pgeal

215




25 SIS (5285005 (sl a8l (tal)T (S i8Il (25T g cmelad il abowg? (lgie b oy gl sl oo

Codds Cyusd w3l € a5 1-daa® 5L
Ay ol ol cud a1y gl ol IS ol 058500 Ll clo- pladlgn o8 5 51 (Vo)) Shogu
) o Cpeti iy 5l €T ey 5l 5 SldliSw o atdly Gyl sl sS4 (Seig 58Ul Gl e
S acgaze Sl (295 5 (S0 (5055 o &5 sl (g lomiil slié ST (g5l g 900y o
ol wi-plee Gy o Gl ey nl il ond Jate glniil slae Sl (6099 4 (See S
03,91 dr SledSs yo el ] pglar il oo &) LiST Z 5 degeme (ol >3 G 455 4wl (TBI)

] 00U

24 30
50 J2 52 42 46

22

/
™

/

/
\jt\\\
N

\Z %
SSoEHHED

N

]

P o e 11T i W

N

7 '
77 s

. ' |
54
48 38 34 36 40 @ 4
28
20

S9SN Gl ot sl sy pgeas




S9SN Gl sl dwy (Sgpe Aas (gom daw el pgas

€Ol 6 n)l @ ledsy 5 (SeisrS meed 5 (ol allebor (lsie b p Loz glisl oo

Slage Sl dilobos a5ailisy o a1y gl ol 1S5 el (5l (sloeils <8 o 51V 1 2) 23l e g ol ol
lizee slo aladore (9,0 plaS ;o a5 Cul Slage Jgdo g wame (65,5 40 LB (S iSIl Jaao G ol
ol 00 03 51 dmy JSK& j0 13 ol pgead sl a8 )5 18 eas gus ol g



—

SS9 S Gl el dlwg (Sgym 45% o daw Sles pgal

S 0 5 Sen (Slgaas 5 00liind b ey s (5055 5 590 lyie b ey gl e

«(MEMS)
S8 Clas 5908 SO sl gl il ol yo il onilosy ol au Iy gl 3l G jal 51 (Y 2 ) il Sen g zolo
9L 5l 5ed bl ools slpring 1) all o o 1) I8 50s5 5 did 5 (sies] Sl dled Ll oS
Iy 59u8 0, Slee aillsny lpand plu (wond S§ 6l Gl 590 Sygo j0 U oals ploul (gouxie sl jlu
Sloges dngi )0 15 G002 3,809, (S5 03,5 (oo G Jloo W 090> 4y 5928 (l )b 4z STLaisST oSS
Sl anwgi gl MEMS asle ol j5b8 5l eolal (e Szs8 5 (g5l gilien b aS 00 (o0 (L85 (55
Sl 00l 00ls lis 598 ol (S aS Jlae pgal )y IS 30 008 e 00 YU Gl LB L g ahas



17
7 / iy = | 1
2\“ 6 1) ofp——— | /
18
1 s
— =" {19 - A 31
BN .&‘gf*;;_,u_ﬁ/
3“‘\- | 12 - . 1r Hzo [ lmpaci
33 [=£]] g 13 o4 |
28 | 9Jp1efF———t||
\“:}‘h 35— g1 ) =25
2 Fi =
/ 7\ /
29 27 14 23
’ll,ss | % :
: Switch C
Rl |1
36 . —B:ﬁtttf.mr:E
T 34 ! e :
beikeos sl (MEMS) (Sl Sl 9 e 5508 (S0 Sl e gl

g 5 oIS ST 0olidl 5,8 SarsS M (sl (Sdg i e 5 (Soal 5508 (e b il gl i3 s
€Ul 5l eslidly b So8 Bloedd (9, 2 &ja8 0y 6l p (6550 adgs

3l oaily b 1y gl 23t l G el (5 55ld iz U515 <S8 51V V) (slyg0 0)lm; 9 580, Sl
032t g s (olidls 8 Ly aS oy slpridiny (SO SN (65 61 adgs (gl (SO SN (65 5l Wge G gl i3 Gl yo
5908 gk sl 5 0550 G o oSl (65,1 Wse 5 enal e ()98 4 088 degerme S (IS G o
Lol 00l 00551 amy SIS (o gl B pl bl ST o el 1) (S 2Kl



106

108

112

110

S S 528 (S S (655 Wge g

132

106

128

S A1 eolily b M o (S STl b (SO Sl (6551 Wge (655,18 Jome e

€S oS sla,lral gl oo ded casl dwg? Glgie b pian gl ol ool



)M)j,“.s ol aleiley cd a1y gl 251 oyl I o] sasie YL by o I (Ve 8) Jul)lKen 5 5,5k
oo e |y Lol z 3 jlxiil o yumi ) g ouds Ll jos S mSUI 208 L aS 0048 (6500l (sl panls 45 3
el 00 00,91 dm IS 4o eyl ol paai S

300 !

305

S99 S e 5508 (65 leiil (g dus slod g

€ lmtil gy 4 0aigds Jlad mdiad 5 (ol dlewsg? lgie b e gl 23l S
ol o 4y 1) g3 ] ol el 98 bl elbs 5 oliblyn <8, 51 (V- F) il (Scam 5 plal 5
ol S Gkl el (asiie jlonkil S e85 b w3 Sl e 5 (ol sy (S e



Lol 553 aij (1 (bly Jawgs jaudlul coui i onl 4 05d o aliwy (nl ol s crge iy 5]

S
N~
x

/ /2 e I
W// 7z = 2 8

N

L LT LT L
2 Ne2
'] % N /o)
ERR R N \

.

- 77— R

Sl b ool Jlad ke 9 (ool alisg 00,95 (b sled pguad

_— e

N
N \
N NN
N

N NEE \

2

NI
N
\\ .1:\.
N Y
\1

Cradad g (Groml Ay ol (6 L] Slogen 9 gralaad 9 (ol Ay (lgie b s gl &0
5 sl g Gl sl osilay cud 1) 3 (nl S el )le wngSY &858 (Y- 2 A) il Sen g 55l
5 oosl dwg pl sl oals a8 5 IS @ (Cldias) (gl aligr Slage (sl a5 009 (SlSo Liled £45 31 s
kol M degazme 3 Clios Lol ) (st S e WS o oolainl s (gl e S e 90 5l s
el 0o 0051 dms S j0 13l pglal il o Bud 43,5 e pgd S e g sl

{
az 328 3 3

Moo a2 1

Sl abg> (Sl gbs 5 (al dlowy om 4w 500,95 Sop sled 90 g




03lidly 5SS Cloled )5 b 5 (Sl 0 Shoe (g5Llad (sl (hilug 5 Loy P lyie L pos gl 23l oS

€O i § P oo o ol 51 00lizal L L2l S L
S3ldlad (gl abowg cplcusl oaile; cud ar gl msl lS'l)"’T S gbdaiz U0 e85 51, Sk
&lp (Wle) andd SO ol alwsg (pl adl oo 1S S1 0 0oldly )8 2w SO 0 ke g (dewl 0 Shes
o s i by BB Lol s 45 0 dens SVl £ 1 Loyl ailo) Lol ailoles 4 2ol Lt
lesl S ool Jaie G Sl 552 SO g (Sl s i 50 0l 0,053 (65,50 ol b, sl Lelen 4

ol 00U 06)9]

_~Delay Wedge
Finger #‘2\\ _ e .~ Delay Spring
Finger #1 \\ \ ‘ @ o - Striker Spring

Striker Target ~Striker
\Relea se Ball

302 410a 418  410b

SHlS 515 oolidly 8 M (Sl s 5 (coul Ay (Gom Aw g 00,65 B Sl 90 pgal

0jg2 30 y| Sl Clel pol Cud  Adgy (o g0
(W jgu8) gedind 9 (ool (s ailoliw

sidgh ol L les oo (2358) el 9 groul slo ailols 055> 0 3! Sl clel izl cud 5l as SIS
ol 7y cpl 4y 0,8 bl



ol 69, 2 sty FB Sldllas g ledagh w8 joie ol Abg> Slnld gie Glowy Sliusgame S92g L @
ol JelS B> sl oy | Jlo Yo b as g, (ood sl 1A cl plxl b o olbedis 31 aiws
Coodl 3lley CudS L as o lo g g SUaml ! Sy il ez slo el sla wloly; 5l Sl s

stz BB Oladllas g lpinghy o0 joim ¢ Sillo bolad ke 5 (ol (sl ailols (4938155, ialS 0529 L @
S5 i valis ol | Jlo Yo b as 0y, cod Uil I .l plowl Jl> jo s aileles 3l awss cpl (59, 5
Seoley CbdS b as o ls vgzg Hlal cpl (S el Gl loy9iS slo wlol; Sl ejed g9
Dgd diwlS jgu8 &9 ) o)l g ool

oz 5l letleoy calizee (gl g sl (6250 5 drmgs Jlo )0 Sl ilajslne b 5l Sze5 @
il oo arwgy b g0 Loy e 40 58 S g Colan slo ailols g nj5.8

&l o

1. Hu, T., et.al, (2017), “Integration design of a MEMS based fuze”, Sensors and
Actuators A: Physical, vol. 268, pp. 193-200.

2. Sharp, A., Andrade, J., Ruffini, N., (2019), “Design for reliability for the high
reliability fuze”, Reliability Engineering & System Safety, Vol. 181, pp. 54-61.

3. Jeong, J.H., et.al., (2018), “Miniature mechanical safety and arming device with
runaway escapement arming delay mechanism for artillery fuze”, Sensors and
Actuators A: Physical, vol. 279, pp. 518-529.

4. Fang, K., et.al., (2020), “Research on a MEMS based encrypted rotary safety and
arming device”, Sensors and Actuators A: Physical, vol. 301, 111781.

5. Pezous, H., et.al,, (2010), “Integration of a MEMS based safe arm and fire
device”, Sensors and Actuators A: Physical, vol. 159, Issue 2, pp. 157-167.

6. Hongmao, T., et.al., (2017), “Structural reliability simulation for the latching
mechanism in MEMS-based Safety and Arming device”, Advances in Engineering
Software, vol. 108, pp. 48-56.

7. Hui, J.H., et.al., (2018), “Multi-objectives nonlinear structure optimization for
actuator in trajectory correction fuze subject to high impact loadings”, Defence
Technology, vol. 14, https://doi.org/10.1016/j.dt.2020.07.004.



8. Theodoulis, S., Wernert, P., (2017), “Flight Dynamics and Control for Smart
Munition: The ISL Contribution”, International Federation of Automation
Control, 50-1, 15512-15517.

9. Chen, Q., et.al.,, (2019), “Characterization of the super-short shock pulse
generated by an exploding foil initiator”, Sensors and Actuators A: Physical, vol.
286, pp. 91-97.

10.Nie, W.R., et.al., (2013), “Study on Inertial Response Performance of a Micro
Electrical Switch for Fuze”, Defence Technology, vol. 9, pp. 187-192.

11.Taylor, N.C., (2011), “Mechanical safe-and-arm device for a fuze”, European
Patent Application, EP 2287558 A2.

12.Kane, J.P., (2000), “Electronic Safe Arm and Fire Device”, World Intellectual
Property Organization, WO 00/55564 A3.

13.Sudick, J.A., (2011), “Electronic Safe, Arm, and Fire, Device Configured to Reject
Signals Below a Predetermined ‘All-Fire’ Voltage”, United States Patent
Application Publication, US 2011/0308414 A1.

14.Havran, C., (2016), “Electronic Safe / Arm System and Methods of Use Thereof”,
United States Patent, US 9297627 B2.

15.Hodge, K.F., et.al., (2003), “Submunition Fuzing and Self-Destruct Using MEMS
Arm Fire and Safe and Arm Devices”, United States Patent Application
Publication, US 2003/0070571 A1l.

16.Rastegar, J.S., et.al., (2016), “GRAVITY DROPPED SMALL WEAPON ELECTRONIC
SAFE ARM FUZE AND ENERGY HARVESTING DEVICE FOR POWER GENERATION
ONBOARD GRAVITY DROPPED WEAPONS”, United States Patent, US 9383180
B2.

17.Maurer, W.H., et.al., (2006), “MEMS Safe Arm Device for Micro-Detonation”,
United States Patent, US 7040234 B1.

18.Graham, J.A,, et.al.,, (2004), “Explosive Activated Safe-Arm Device”, World
Intellectual Property Organization, WO 2004/111568 A2.

19.Matthew, A.M., et.al., (2006), “Safe and Arm Device and Explosive Device
Incorporating Safe and Arm Device”, United States Patent, US 7343860 B2.

20.Rastegar, J.S., (2013), “METHODS AND DEVICES FOR ENABLING SAFE/ARM
FUNCTIONALITY WITHIN GRAVITY DROPPED SMALL WEAPONS RESULTING
FROM A RELATIVE MOVEMENT BETWEEN THE WEAPON AND A RACK MOUNT”,
United States Patent, US 8490547 B1.

21.MTCR, (2018), “Missile Technology Control Regime, Annex Handbook”.

22.https://www.gminsights.com/toc/detail/precision-guided-munition-market



https://www.gminsights.com/toc/detail/precision-guided-munition-market

23.Naval Air Systems Command. Fuze Design, Safety Criteria for. Washington,
D.C., NAVAIR, 9 April 1991. (MIL-STD-1316D, document
UNCLASSIFIED.)

24.Naval Sea Systems Command. Weapons System Explosives Safety Review
Board Technical Manual for Electronic Safety and Arming Devices with Non-
interrupted Explosive Trains. Washington, D.C., NAVSEA, 30 September
1990. (NAVSEA, document UNCLASSIFIED.)

25.Naval Air Systems Command. Fuze and Fuze Components, Environmental and
Performance Tests for. Washington, D.C., NAVAIR, 1 December 1989. (MIL-
STD-331B, document UNCLASSIFIED.)



