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1.2 AFA o]29 TA

w A22F AANA T TS Helr] T AArI7]e] widE agow o] Al 2oy g
A 7-e WAl =2 vl A= Al gk A A0 A
# AFA o]l2o WAL Fo UrdHz Aynd gen 7
- 1943 VTDC(Vacuum Tube Development Committee) 273
- 1946 ARINC(Aeronautical Radio Incorporated) A9
- 1952 AGREE(Advisory Group on Reliability of Electronic Equipment) 743
- 1957 AGREE A-H.a14 &3t
- 1958 NASA(National Aeronautics and Space Administration) %4
- 1961 Belld3td 2ol A FTA(ZUHT24) 9 7
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« WA 1=20,000kmoll A el f(t), F(t), R(t) 2 A(t) &= oS3 2ol AxdL,
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46
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R(t = 20,000) = ”S) _

N —n(t) _ 46— (46-19) _

19

F(t = 20,000) =1— ”’(\lt) =

N 46
n(t)-n(t+4t) _46-(46-19)

f (t = 20,000) =
( ) N - At 46(20,000)

n(t)—n(t+4t) _ 46-(46-19)
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[ 1] A=d== R(t), F(t), £(t) 2 A(t) 9 A

t i o R(t) F () f(t)yx10™"* A(t)x107*
20,000 19 0.587 0.413 0.207 0.207
40,000 11 0.348 0.652 0.120 0.204
60,000 7 0.196 0.804 0.076 0.219
80,000 5 0.087 0.913 0.055 0.278
100,000 4 0.000 1.000 0.044 0.500

« [ 1]9 dlelelg ez vehw R(t) = (29 11, ()= (29 219 2o #Hn,
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@ AFA HFr A A+ $(average rank)E @
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[dlelEl] 25, 100, 40, 75, 15 (& : A17H)
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SR

(1) F@agel ea F) : F(t = 25) = —— - 20333
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[ F(t) = j_tw f (t)dt }

R(t) =1- F(t)

EF 4=00° =19 73 AFExe 4% (1), F(), R(t) = g&3t o] Hed), g

(0= 90 = —-ep( - 3-2*) 2.9
F=0@) =" J_exp[——z Jar=[* paror 2.10)
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F) = o) = o 4] @10
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3. HATBIY FILLFEY At

3.1 I+ E()

3.1.1 HFE9 99

x H748 E(t) = MTBF (Mean Time Between Failure : 3247+ A A 7H)
— A 2=®]S FEd] 7FHA ARSSke Al dld

« B4 E(t) = MTTF (Mean Time To Failure @ 374 9] A1 7H)
— A|2ES FElste] AT 4 §leE A5 sE

Gt E() o AR

E(t) = I(:t f(t)dt = IOwR(t)dt (2.30)

3.1.2 nAFELAEIF )7 AR FS

0 0 _ 1
E(t)=| R(t)dt=| e *dt=— 2.31
(t) ,[0 (®) Io A ( :
1
V(t)=/1—2 (2.32)
MTBF (or MTTF) = t, =% (2.33)

m

* 52449 t=1ty(MTBF or MTTF)olM& R(t)=e* ~0.368
* MTBFE A5 dolH=Ry 73 o

(2.34)

k1

xal 3%

fE

3.1.3 1ZgEY

5 107 AT

E()=p =" (2.35)

oAZIAM, 4 i WA AR, 6o G A e RS
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V(t) =o?

71N, o = (Z fi)(Ztizri)_(Z tir)?
> n-

V(D) - B 2

(2.36)

3.1.4 TABFEALISE (1) 7} o] BRF (R B

]

X 24 y=0)9I

L

« o] Agolz R()=exp(=(t/n)")ol Bz, oldES ol ot

3.22 FFEL=FS ()7 AFEEY ol EEXd a2t 3§

t
FASEE H(Y) = [ 2(0dt =~ InR(Y) (2.41)
0

# AZE 3ty ko] g E FR(t L) &
FR(t;, t,) = H(t,)—H(t;) = - InR(t,) + In R(t;) (2.42)

714, H(ty) =-InR(ty), H(t;) = -InR(t,)

2

(¢]

[e]
T



« A|ZF 3 t, 7ke] FtEH F1%E AFR(Average Failure Rate)2

InR(t;)—-InR(t
AFR(t,t,) = (i) t (t2) (2.43)
24

o714, f(O) 7F 7 =02l fo]Eixo] w2

(2.44)

m m
AFR(tl, t2) — (t2 /77) B (tl / 77)
-t

1714, H(ty)==InR(t) =(t, /7)™, H{ty) =-InRt) =(t, /)"
* AF&27IQL =00l A58 T ARIAA FHdngsE AFR(T) 2

AFR(T) = MRM i(t)

(2.45)
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4. FAAZG7IA A7) [712FAF SAA ]

4.1 3FEYN 1ZFFELEST
& TFE FHE t¥ £X : CFR#} AFEE @
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2
IREE AR gh) (2, A4 =0.002/A1%F, Ag = A¢ =0.0015/A17H)

o
e
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(1) Al z="le] AA A==
Rs (t) = Ry (1) [1- (1- R (1)1 R (1)]
= exp[~ 251 [L- {1 exp(~ A5t HL - exp(~Act)}]

— exp[— 0.002 x 100] [1— {1 - exp(0.0015 x 100)}2 ]

= 0.8187 x [1— 1- 0.8607)2] =0.8029

(2) Al=He] B8 MTBF

MTBR = — = —~ 2000 _ 33355 421
As 3/1000 3

o) 71A, As =Y & =Ap+Ag ¢ =0002+1/1,000=3/1,000

1 3 3
t} =

) = = 1,000
" Agc 24, 2x00015

test gol FAE Azwol grk wrek ofw A told 2 REY M=t wE
R (1)=09, i=1. 2, -, 8olghd o] A|x®e] Agxi Azt tox dujelr}?

3
( ;
1 2 4 8 O

|
oo

o Al 2E A o] A e
Rq (t) = Ry (1) x R, (t) x R (t) x Ry (t) x Ry (t) = 0.9 x 0.9 x 0999 x 099 x 0.9 = 0.721
o714, Ra(t), Ry(1), Rs(t) 2 FA=E HAdAgRE A w Ry
Rs, (t) :1—ﬁ(1— R;)=1-(1-09)° =0.999
i=3

Re (1), Ry () & 7A= = WHdAgR R 2% Rs,

Rs, (t) = 1—11[(1— R)=1-(1-09)% =099
i=6

glo] g}, HA A% Rg=0.85% stxA & wl Ry <] AlF]

e
\]
=
oo
_\:L_L
M
o
-
oX.
i
>
[>
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= A"l AFE : Ry =Ry x Rg; x Rgy=0.9%x096x (0.7+0.3R;) =0.85 — R, =0.946
o714, AFE 0.89] FFE 2NE WEAFH FE] AE
Rs; =1-(1-08)? =096
A% Ry, 0.79 ¥3F 2702 HAAFE P NFge

R, =1 (1— Rg)(L—0.7) = 0.7 + 3R
53 SFZEEEY A|2H AFE
& M route A|2¥ A= @

A =0.002%1 F3F 37 HEAFE dut A HAuFE Ag T IupA7R

1 1 1 1 1 64 6x0.002
(== MTBF = =+t —F+—=— — == =], -3 }\ZJ_’
A A 21 3% 64 ST 1 L09x107 (A1Rb
- 7} N w7} 0.88882 2079 HAREow § AlxHle] AL odul} =749 &
N2'S 37w %01 HE R Agstd Az dAe AFEE dnphg HE=710
= N2EEEe] A AEE
20
D #APA 2" AFEE Rg =[[ R =08888%° =0.09464

@ A zEFEA ] MEE Ry =1-(1-Rg)® =1-(1-08888%°)° = 0.2579

® N ZF k (k out of N) A|2¥] A= @

AFE=7F 0.999 mAE 4787F AA | vAFDEAL Al AR o] glvh Rl 47]9) wjAbd

F 3N AEH o] vARDEAL Asgle dRFAe] At o] 4 F 37 ALY Al2H
o AEEE tele.

= N=4,k=3,R=0990jm= o] 4 F 37] mAlY A28 AFgE R, t}&3 72}

(4 i 4-i 4 3 1 4 4 0
= Z(I j(0.99)'(1— 0.99)*"' = (3) (0.99)°(0.01)" + (4) (0.99)"(0.01)

i=3

= (4)(0.970)(0.01) + (1)(0.960) = 0.0388 + 0.960 = 0.9988

4 41 4x3x2x1
047]/\17 ( j:4c3
31(4-3)1 3x2x1x1l
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FE mHAH0lL AT S FE T AU o] FiEo] HEEolof Al AE o)
i =7t 0

0.95¢ uf A|xAEIQ AFE=?

=

25 % 4 Aadle] dFE
n

n % k Azge W5 Rg=Y G -R(IL-R)"" o pfxozry
i=k

5
Rs = Y sCi-R'(1=R)*" =5 C; x 095" (1-095)** +5 C5 x 095°(1-095)*"®

i=4

=5x 095" x 0.05+0.95° = 09974

447

AR =7 0.9 VAL 4707F AAE mARd AL AlAE o] it ] 47]¢] mjArd

T 3/ ZEshH o] mALAEAL Al AElE QES3)o] JhFsltl. o] 47
g AN EE A S

= N7l E kAR AESE Asde]l AFsE 0 F k Axge] AEs

K

RS—Z CR'(A-R)"" o3, n=4, k=3, R=0.90|m=
i=k

4
Rg = Z 4Ci(09)' (1-09)*" =, C4(09)*(1-09)* +, C,(09)* (1-09)° = 09477

i=3

& WrEgue) A2y NP @

< 37N WAE Al

HAFDAEo] 0.0010]3 T=24 w AZ%7} 0.97632 Feo|g7t 23} o] 7]

AjrEE AgHel Atk o] G AR dolr Axgle] AHES T

T ol ]

7]l eld —

= A=0001, T=240]8.2 tj714% dolt Axue N#=E Ry & thest 2ok

Rg; = e *T (14 AT) = e 0001<24(1 1 0,001 x 24) = 0.9763(1+ 0.024) = 0.9997

el (&4 0619) 71T dlolr] AzmolA 2917 AN2ug nejd Al Azwe

AF e etk o, 2929 A EE 0.952 B}
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= Fgolgrt grldeld® A HE A9E Fdolgrt YA, AA It e 253
ofut Fht}, wrebd FElolr e} A= FHloltrt A A9 X7 Agslo]opnt o] K
ol Vo] Az Ay E yEdg 22 B S
O =9A AFEE 0952 HuZ Fyojue ~9xete] HEAFgF X A% Ry &

Rs =1— (1-0.9763)(1- 0.95) =1 (0.0237)(0.05) = 0.9988

@ AR Azge b oY ge 4AFTE Ak

0 o7 A% 2914 o
ol Al~F ol Al=F
Ry, = 0.9997 Rgy = 09988

AA Al2ele] A Rg = (09997)(0.9988) = 0.9985
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ijf M55 DAHA FTA "E

1. FTA (Fault Tree Analysis)

* FTAS A se 49 540y 4
D<A 1
DA 2

&A1 3
D<A 40 skelEle] =E)v)se ot Ajfoe s mAg
<A b

A 6

* FT 24 AMd(event) ¥t 218 AAsts =gAlo]EZXA P4 €H
) 3H’¢13}Eﬂl% Al 2=E1e] Hd9 1 (top event), & ATH LAMHEFAMSH S A gtk
@ BAAPES A HE dod & e ARHA, F A, AuY B EY A9
o] S(ZAFAHS trEstal gkl AGAMEIe] AlolE = Aol EE AREste] Ut
7HA Beoko g AFAIFITh
@ 9 @9 ZF AFAPLY] AP o] He AFAMES 47 S &, @99 AtolE =4
Al ERZ AAsT}
@ @5 Hoto Aol & W 744 =xH o2 wRgin
# Z12]al FTE FHeA S &8 v 59 stuolt
O T A= 2golvt 7IAAER S TGHTE)GH (FFAHE)
@ 71240 ®2 & F A= 7A T ol QA oy (Z1 &AM
@ 23 olatE BEFZORE FAo] oY EAS ATl £ ATAME (BEAD)
@ a7 olst= o] AFUF(FDE thE Fid sdsfiAE A5EA, o4 & F o=
FEj o] Aol (ff)= A F 5 sch
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=g Al E

1.3.2

@O ANDAC]E9} ORAlOIE

OR Aol

AND A=

|E9} ORAlCIE

[Z¥ 5.2] ANDA©

©@ A A ) E(inhibit gate) — I HA}

H

S

@ H-AAo)E(not gate) > FAR7]5 9 dZF o 2ZA AR T o]o](not modifier)gtil=

AA A el =

[ 5.3] HAAle]

Z71 AlE

1.3.3

O 4% ANDA 9]

o vl

@ %3 ANDAOIE — 37} o]

® A~

715 — %

@ HlE}H ORAICIE — 27 ©]

JLae [ 2
©z% AND Alo|&

a;

L

®$43 AND Alo]E

@475

©wiers OR Alo] &

OHUEERED
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1.4 E@Boolean)tlg~ F4d oA 13L& 7H43}

Fo] 9l= A= veo EBoolean)thsr &2ld 97 nHES 714 3}E
5l

b EHA 1 A+ (AXB)=A(1+B)=A, AX(AXB)=AXB
AX(A+ B)=AXA+ AXB=A(1+B)=A

@ oA 0 AXB+O)=(AXB)+ (AXC) @& SAMH A+ A=A, AXA=A

1.5 31ZFE A4t

1.5.1 AND Ao|E9 A%

5 ]
O O
-
RA
[29 5.5] B&EA A £5%  [29 5.6] ANDAC|E] 93 FT:

@ F,=F(BANDC)=F(BNC)
(01714 B9} C7F A& H§olw)
F,=F; F. (5.1
@ & ©3 g st o
Fa=1-Rp=1-[1-(1-Rg)(1- R¢)]
=(1-Rg)(1-Rc)=Fg-Fc

@ z2E]ar, n7je] 7]EAMGS] AND AdtAlell & ka3t 2ol #rh,

Fs =F,-Fy--F, =[] Fi (5.2)
i=1

1.5.2 OR Al°|EY A

A
o— B H ¢ o —p
]
Spny
B R j
F4EA) (OR gate)

[ 5.7] A=A A=d 5%  [2¥ 5.8] OR Alo]Ee] &3 FT=

@ F,=F(BORC)=F(BuUC)

(Be} C7F SaAaeld)  Fi=Fa+F —Fy-F (5.3)
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@ ¢ O g2 e Atstd
Fa=1-R,=1-R;-R;
=L -F)EFe) (5.4)
=F, +F. - F; - F.
® n7jel 71EAREe] OR A&

FS =1-(1- Fl)(l_ Fz)"‘(l_ Fn)

~1-T[a-F) 5.5)
i=1

*
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S
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ox
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o)
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rlr
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do
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-
@
n
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4
ol
rl

AEE R(t) =e ™ =g VMTBF cF AF&-A) 7F 5.6
=] (t) VITBE F&-A17h) (5.6)
ojmE, AME B agd S8 Fg =
Fo=1-Ry=1-(1-—)=—' (1) (5.7)
B B MTBF’  MTBF '

o714, t & AHECFE)AIZE, R BY AlE| ko],

<
_|
w
T
rr
ot
=Y
=
o3l
=
Y
>
=
)
4l

}
xe)
[o
fu
o
O,
dlo
B
i
o
-
o
;L

(5.8)

1.5.4 MTBF & A|&Hlo] &3S 35 (F)$te] A7

* MTBF ¢t Fg¢ #A41= MTBF (1) — R(t) (1) — F(t) () —» F(1)e #A= A,
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2. BRAAGIIA A7) [ZIE&FAF dATA ]

2.1 FTA (Fault Tree Analysis)
@ AUV E(fault tree)d] FAH @

0g 7o) Ay BErd % FTRE 1949,

O— A B C ——=0

= AEAAEe] A8 E5EE OR gatez A&
AEE ESE7E HEALEoln

Al o]
Z UJ+= OR gateE AF&3te] FT

ul

AlZElo] FTE7} ofefjoh &

[>
i)
o
iz
S
k
Ll
L
oX
ol
ol
>

O
(o

gateo| B2 NFYBEEME HAN 1YL APN 2o T

gets], FTEoA MBEAIZEo] AND gateo] B2 A#d S5 mo = WA AHoR 1
At
B
o—1 A ——o
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& IFTE AL IE @

4

o oA Fpo=0.05, Fg=0.15, Fc=0.20]" A To &

= AP Ash $19] OR gate®] 4 (TAMFS] w95H8)

F =1-(1- F,)1-F,,) =1- (1- 005)(1- 015 x 0.2) = 0.0785 (7.85%)

714, A3 B9 Co] AND gate?] 4% Fgy =Fg xF¢

T A ETE)S] Al=gle] AFEe?

(@)

—
©
\]

B
= WABCRONA AzEe A

R =1-F5 =1-001596 = 0.98404
o714, Fs = F(S1)x F(S;) =[1- (L~ Fy)(L- Fg)] x Fg x[1- (1~ Fp)(1~ Fe)]
=[1-(1-01)(1-02)] x 03x [1- (L - 01)(1— 01)]

= 0.28 x 0.057 = 0.01596
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Azle] AFHEE SHAAFAN AT FANFOR 2AH 0 At
D e 238E (@, ©) ¢ Fyg=1-(1-F)(1-F) =1-(1-006)(1-0.04) = 0.098
2) tulol~ 1AE (®, @, @) : Fg, = Fg-Fg; =01x0.098 =0.01

3) $-5e] AuAzY 1gHE

F, ={1- (1-0.02)(1-0.05)(1-0.03)} {1 (1-0.05)(1-0.01)} =0.1x 0.06 = 0.006
4) N»~e 1485 Fg =1-(1-003)(1-02x0.2)(1-0.006) = 0.0744

X B A 2~ ¥l) 31 A
0.006

0.02 0.05 0.03

Xy~ Xy7b 1343 382 2474 0.1, 0.2, 0.4, 0.58 & wf AJ2=8 A EE duplrbe

A N
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= Azele] A=z Ry =1-F, =1-0706= 0294
o174, Fs=F, +F, -F, -F, =002+07-002x0.7 = 0.706
o, F, =F,F, =01x02=002
F, = Fy, +Fyx, —Fy, Fyx,=04+05+04x05=07

oj7]4, Fy =01, F, =02, F, =04, F, =05

FMEA(®:= FMECA)$} FTA® zpo] H-S vl w sz},

FMEA FTA

@D top-down 2]
@ AZA FAn

£

@ bottom-up 2

2]
@ AAA 29

©® 5 AT Sl
@ =3HE= AA)

® st=dlole] e

A=k
H
@ =7l aE AREE A

@ S3AEel gk s

© 2ZESJOIY 17| 27k

g0l T

Al
A
75] 3]] A

m
b
p
o

P
22

A LR 113 22 Jamet 7 WA (29 2]9 22 A ESER 184 =

Dl
@ @o—
1 ./ 5 vl
T AL C REE & B84
B A4 B
TR
(19 1] ==
— =9 D
0.01 0.02 0.03
O 21 9] B2 E, a4 E, O
0.02 I I
2292 D, — RHE
0.01
(19 2] AP ESE
s

= FTE 24 2 2g3E A%
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(1) [29 2] AAFEF L oA FTE=E@G ) 24

(2) “RE7} AEQHE o (A DAY nggsE A
F, =1-(1- F,)(1- F.) =1— (1— 0.0201)(1 - 0.0494) = 1— 09315 = 0.0685
o714, Fs =1-(1-F. )1~ F,)=1-(1-002)(1-00001) = 109799 = 0.0201
F. =1-(1-F )~ F. ) =1 (1-002)(L- 003) =1 09506 = 0.0494

&, F, = F, - Fy, =001x001= 00001
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