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21
2.2

31

3.2

3.3

34
3.5
3.6

41
4.2

5.1
52

5.3
54

311
312

321
3.2.2

331
3.3.2

361
3.6.2
3.6.3
364

521
522
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2
(religbility modd)
2.1
(performance)
(component religbility model) (performance function
modd)
(system rdiability modd) (block diagram model)
1
1
HLP:rrs-mds 1 2000/10/17
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(out of tolerance, OQOT)

(strength-stress interference, SSI) (timeto fallure or time between failure,
TTFor TBF)
(series) (pardld) (combined) n k(k
out of n) (redundancy) (multiple function)
2.2

(reliability block diagram, RBD)

().
).

).

(4).

5.
(6).

HLP:rrs-mds 2 2000/10/17
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).

(4).

3.1

(A).
(B).
©).
(D).

(one-shot)

(series system)
(series sysem modd) 2

HLP:rrs-mds
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n (Rs)
(R;)
RS = R]_' Rz ’ Rn
-8R (1a)
i=1 !
n R¢
n
Rs =0OR;
i=1
Ju
=0OR¢ (1b)
i=1
:ch
Rs(t) =Ry(t)” Ro(t)” -+ Rn(t)
=CD) Ri(t) (10
i=1
t>0  O0<R(t)<1
RJ(t)<R;(t),i=12...,n
(weakest link model)
MIL-HDBK-217 (part count method)
3.1.1
Ri(t)=exp(- I it) @
I
HLP:rrs-mds 4 2000/10/17
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by
w
—

~—+
S—
1

Ors
Y
=
N—

i=1
N
=0 ep(-1t) 3
i=1
e ou
=ope £4 1,10
e é=1 @i
(MTBF) ©)
R4
s = Q RS(t)dt
(of 8
= epg- 1t @
§alg
1
D
ali
i=1
QS @ l o
S | i
g
ls=al; ©)
i=1
4
®)
1 1
Us —I = n
al;
i=1
(R;) (e
(Rg) (Iy) (dg)
n n n
Rs=ORj =OR¢ =R
i=1 i=1
HLP:rrs-mds 5 2000/10/17
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n

_8 _8 -

i=1 i=1

1_1

ls nlg

Os =

[ ] 10
2000
50

n=10 t=50hr g, =2000 hr

| o =—fr/hr
2000

3.1.2

Ric(t)=Rsr(t) Rtr(t) Rer (t) Re (1)

3.2
(pardld system)

t=0

(6)

HLP:rrs-mds 6
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Re=1- O R)) (78)
i=1
Rs(t)=1- O [t- R;(t)) (7b)
i=1
t>0  0<R(t)<1i=12...n
R (t)>R;(t),i=12...n
3.2.1
R (t)=exp(- I jt)
[R(1)] (dg)
Rs(t)=1- O[1- exp(- 1 t]] (8)
i=1
HLP:rrs-mds 7 2000/10/17
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P10
gs=a—- a litlj
izl ij=1
" . ©)
n
b4
al
i=1
I, =1, i=12...,n g =q,
Rs(t) =1- [1- exp(- 1 o))" (10
po1 oD
=8 -—=4a ql_c (11)
izl ¢ =1
n=2 15 n=
1.83
3.2.2
" R0
Reew (1) R4(t)
Ro(t)={1- [1- Re()]" R (1) (12)
=Y, s
& (it 1
as =a (-1)'*"cy (13)
i=1 il ¢+l cpm
3.3
(combined pardlel and series system)
HLP:rrs-mds 8 2000/10/17
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331

4
m
(Ri1:Ry9:-Ryy) n
™ R, F— ™ Ry F— = R, F—
= Ry 1 * Ry 1 M Ry
—> > — .. —>
L le — . RZm — L an —
4
5 A B C D
{ A :|_|: C }
B D
5
A-B CD Rag  Rep
Rag =1- (1- Ra J1- Rp) a
Rep =1- (1- R¢)(1- Rp)
Rs=Rag " Rcp (15)
5 Re
m n
Rs =[1- (1- Re)")
HLP:rrs-mds 9 2000/10/17
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Rg=08 R.=07 Rp=06

A c
R,=0.9 R.=0.7

B D
R,=0.8 R,=0.6

Rag =1- (1- 0.9)(1- 0.8)
=1- 0.1 0.2
=0.98

Rep =1- (1- 0.7)(1- 0.6)

=1-0.3 04
=0.88
Rg=0.98" 0.88
=0.8924
3.3.2
6
m
(Ri1:Ry5:+-Ryy) n
R, | [ R, | R
11 I I 12 I im
R l R l R
21 I I 22 I 2m
—> >
4 R ] e |
6
HLP:rrs-mds 10 2000/10/17
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7 A B C D

A-C BD Rac  Rgp

Rac=Ra Rc

. (16)
Rep =Rg " Rp

Rs=1- (1- Rac)il- Rpp) a7

AC BD

Rac=Ra " Rc
=09 0.7
=0.63

Rep =Rg" Rp
=0.8" 0.6

HLP:rrs-mds 11 2000/10/17
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(0.8624>0.8076)

3.4

1) E

@ E

D)

Rg =1- (1- Rac)l- Rpp)
=1- (1- 0.63)(1- 0.48)
=1- 0.37° 0.52=1- 0.1924
=0.8076

@

R =Re” [L- - Ra)1- Rg)]
“[t- @- Rc)2- Rp )]

A C B D
2

R(2) =(1- Re)’
[1- (1- Ra“Rc)- Rg " Rp)]

e

Rs=R@) *R(3)

(18)

(19)

(20)

HLP:rrs-mds
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3.5

(functiond mode)

(multiple functions system)
(D).
).
@ @
[ ] 1 A B 2
B C 1 2
9
& | A 2
(& ] Z c
1 2
9
[ ]
Ry =09 Rg=08 R =07
1 =0.9+0.8- 09" 0.8
=0.98
2 =0.8+0.7- 0.8" 0.7
=094
B
HLP:rrs-mds 13
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1 0.98 094
=0.9212

=Rg *RaARc
- RaRBR¢

=RARBRc
=0.9 0.8 0.7=0.504

Rs=(Ra +Rg - RaRR)

21
(Rg +Rc - RgRc) )

Rs=RaRg *RaRc- RARBR¢
+RgRp - RgRc- RgRgRc
- RaARgRg - RARBRc
+RaARgRBRc

(22)

RS:RARB +RARC_ RARBRC
+RB+RBRC- RBRC-RARB (23)
- RARBRC +RARBRC

RS:RARC+RB_RARBRC (24)

HLP:rrs-mds 14 2000/10/17
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RS = P( B )' R B
+P( g )" (- Rg)
(25
=Rg(1)+(1- Rg)RARC
=Rg +RaARc- RARBRc
3.6
(redundancy)
(pardld redundancy) n k (k-out-of-n
redundancy) (load-sharing redundancy) (standby redundancy)
(mgority voting redundancy)
3.6.1
3.6.2
10 S
B A
A I
B I,
10
3.6.3
3.64n k
n k n k
HLP:rrs-mds 15 2000/10/17
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11 3 2 12 n

1
li
> w
0O @}

S oénu
R(k/n)=ae. Llj?cI (1 Rc)(n ) (26)
i=kel U
k=1 k=n
l I (kin)
I
I (k/n) = ncl (27)
a-
i=k!
M
I (kin)
_ n|| en' k+1
I (ic/n) e imn* (29)
HLP:rrs-mds 16 2000/10/17
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@

(continuous monitoring)
(interval monitoring)

(D).
m |
().
T
4.1
(D).
(active redundancy) m
(MTBF)
A. R(t)
Spt o st
R(t)= 2=~ 2% (29)
S1- %2
s = %2(3' +m)+mf +6m + 23
S, :%g(?)l +m- ynf +6m + 23
B. (MTBF)q
_ 3 +m (30)
212
HLP:rrs-mds 17 2000/10/17
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(2).

(standby redundance)

(MTBF)
A. R(t)
R(t) = 516" - spe™
S1- %2
s = %g(a +1m) +4/nf + 4 ;
S, =- %S(ZI +m- y/nf +4ni E
B (MTBF)q
_ 2l +m
=23
[ ]
MTBF 100 10
D).
).
[ ]
q=100hr,j =10hr
1 =1=001
q
m= 1 =0.1
j
|t=023 lﬂ":lo
D).
R(t = 23) = 0.9760
(2).

HLP:rrs-mds
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(32)

23

18
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R(t = 23) =0.9874

4.2
t=nT +d (33
t =
T=
=
(1).
R(t):(Ze" d_ o 2IdX2€-IT_ o 2|T)n 39
).
R(t)=(@+1 T)"(1+1 d)e” 't (35)
[ ]
MTBF 100
23
D).
).
[ ]
g=100hr, t=23hr, T=3hr
n=7hr, nT=21hr
d=t- nT=23- 21=2hr
| = i 001
q
t=23hr
HLP:rrs-mds 19 2000/10/17
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)

(2).

R(t)= (2e' ld _ o2 d)(Ze' IT_ 2 T)n

:(Ze 0.01' 2 _ o2 0.01 2X2€ 0013 _ o 2/001'3

=0.9935

R(t=23) =1+ T)"(0+Id)e'"
= (1+0.01" 3)7(1+0.01" 2)e” 00T 2

= 0.9967
5
(load, demand, stress)
(capacity, supply, strength)
(performance function) © (L)
P=f(C,L) (36)
(limit Sate equation)
(safety margin, SM) (safety factor, SF) SM=C- L
SF=C/L
C-L=0 C/L=1
(B) (t)
R = Pr{Plt,E}
=pPr{C- L|t,E} (37)
= Pr{C/L|t,E}
HLP:rrs-mds 20 2000/10/17
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(reliability performance function modd)

(determinigtic vaue)

( )
R=P{Cz L}
(P (R) i
P =1-R
=pr{C<L} (39)
=apPi{c<LL=1}" Pr{L=1}
L ©) fL(l)
A1) feld Felo) c L
P{c<LL=1}=P{Cc<L} (39)
L C
P=oF()f () dl (40)
P =0[1- A(e)] fe(c) de (41)
9(X) =9(X1, X2, Xp) (42)
X =(X1,X2,..,X) g(X)=0
g(X)>0
HLP:rrs-mds 21 2000/10/17
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P= o f(x)dx (43)
g(X)<0
fyx (X) (joint probability density function)
R
R=1-R = ¢ f(x)dx (44)
g(X)>0
(out of
tolerance,O0T) (strength-dtress interference, SSI) (time betweain
falure)
1
1
(C09) R=P{LEXE U}
(SSl) R=P{cCz L}
(TTe R=exp(- 1)
GNG) R=gn=(n-r)/n
5.1
(out of specification, OOS)
R=P{LE£XE U} (453)
R=Pr{L£X} (45b)
HLP:rrs-mds 22 2000/10/17
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R=Pr{X £ U} (45¢)

R:F?‘”‘X?-F?V'L? (462)
Sxy @ Sxy @
R=1- ngnx' Lo (46b)
Sxy 9
R=F Y- MO (46¢)
Sx @
F(3=
rnx =
Sx=
5.2
— (strength-stress interference, SSI) ( )
C )
©
(L) 13
(random process or stochastic process)
L S f (1)
() feld Fele) P
R =p{c<L]
=8 Pr{c<LL=1}P{L =1}
all
HLP:rrs-mds 23 2000/10/17
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fc(c)

ﬁﬁz%m

| C&L

13:

R =P{C<LL=1} =Pr{C<L} (47)

(48)

(49)

R=1- P

HLP:rrs-mds 24 2000/10/17
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R= oL (0)fc(c)de
alc

fL (1) d%(c)de

11
O

(FOSM) (SOSM)
521
1 € lox- m.6°U
fe(c) = expé- = =0
\2psc gz Sc 2§
fL(l)= 1 e 1g-m o
ST \ps |6 28 s, g
PF=g=f(C,L)=C-L
R
=My = m
P =1-R
=1- F(d) (50)
—1.p&t-Mmo
g ScL 9
Sa =4S¢’ *S.” (51)
F (¥
Me
Sc
HLP:rrs-mds 25 2000/10/17
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SL =
R=1-P =F - M2
ScL @ (52)
= F(d
d=Te T (53)
S CL
d (religbility index)
350.00 MPa
40.00 MPa
820.00 MPpa 80.00 MPa
m_=35000MPa s, =4000MPa
mg = 82000 MPa s g =80.00 MPa
s% =sZ+s? =80% +40% = 89442
d
g=s-m _82000- 35000 _
Sq 89.44
R = 0.99999
(SF)
F.=82000_; 4
350.00
150MPa
SSI_ = SS2 +S L2
=150.00? + 40.00°
=155.24
HLP:rrs-mds 26 2000/10/17
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d= 820.00- 350.00 _
155.24

3.03

d =303 0.99877
(ss 80 Mpa 150 Mpa)
(R 0.99999 0.99877)

(SF=2.34)
(d 525  3.03

5.2.2
fe(c) = = expg- 1 ghec Qozg
T 2ps cc ¢ 25(2:% 83(7@8
é u
1 ~ 1 & a&l| 00
fL(l) = exp& In — U
(1) V2ps | & 252Lg gSLﬂﬂH
PF:f(C,L):%
d R P
Ingﬁg
d:&
Js&+st
R=F(d)
P =1-R
=1- F(d)
5.3
HLP:rrs-mds 27
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(time to falure, TTF)

(infant mortality period)
(useful period, random period)
(wear-out period)
(Poisson
Process)
(1). dt
(2). dt
(3). dt dt
t r
1)’ exp(-1t
p(r) = LS e r!( ) (54)
t
R=Pr{r=0 =exp(-11) (55)
f(t) =1 exp(- 1t) (56)
R(t) = exp(- I't)
| =50 1078 fr/hr 100
| =50 107 fr/hr t 100
R = exp(- | t) = exp(- 0.0005) = 0995
HLP:rrs-mds 28 2000/10/17
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t 100 0.995
54
(go-no go, GNG) (9]
p
a#o .
f(rnp) =c =p'(1- p™' 47
(r:n.p) ¢ 2P (1- p) (47)
r 1,23,...n
n=
r =
p =
D). ( ) p
).
éru_ & amo nj
EiA—r = ac.= J 1-
&nf j:ogjﬂp (1) (58)
=p
1-p
R=PF=1-p (59)
HLP:rrs-mds 29 2000/10/17
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1. MIL-HDBK-338-1, Electronic Rdiability Design Handbook
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