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1. @3 C®»IC

EEBERICB T % v 27 L OHBRHTERIZ, 1960 FR» SBAIITON, TOEKNT
43 1d Barlow and Proschan (1981) it & 5TV 3, HODEEAEZE DAL, Y XF 4
L3 ‘B EFOBE LnHCkicisd, Bl AT A, WHYRF A% LT Ek-out-ofn &
27 ABREHEHE LTHIONTVWS, TS ICERINAL Y X7 aI0d 3 FELEL
i3, FOBBIIGLT, YRAFLADOEHEEZRDEILTHS. T, BRALFGIMERE
LIBAR, YAF20EMAHBIUEEEGERDZ L OEROMNFLES, BHEEE
VWIHEDP A B E, BAYRF AE, VA7 A0S 2 L TREBOKRS» 55D TNE
HREVS, FEELEY. Fclify 27 43, SEEIEVSEESSEL, I X ME
BIEEDSH 5. % LT kout-ofn ¥V RF 4ld, FOMEORICAET 3.

HE, HBEHNIIEESEL, poEEHEOSVWYAFL4 L LTHEBEEATVLE HDIT,
Consecutive-k-out-of-n:F ¥ 25 & (Con/k/n/F) & 3. Oy AFLld, —FliciiAin
OO S L, BEELDRL LD EEOERSPHEL L ST 2. @EY X749
FANWNRAL PS54 v RFLERNEDOEHTHS, Kontoleon (1980) & Chiang and Niu
(1981) Ik ->THEAINTLSR, Covzx5 AicBT 348 DREBITONTE . &,
SEEP (1994) B L U Chaoet al. (1995) IcHB W T, Con/k/n/F EFNEPFIEL 12 257 1B
THHFELVWVE 2 —BREhTWES, BiFE T, IEEE Transactions on Reliability CHERIH
IR ATILIIE, IHhETERINICEP, KBROMESESEFLHONTVS, 51T,
YRFLADERFP, A—F—kO_HAHEDOERICOVTIERINTVE, —HRET
3, BEEEEEEEMOGERD L EIKD, nE2REL Lic& EOFANEFHEIC D W
THfih T 3a,

AfEoHMIE, Con/k/n/F AR LWL 2h Oy 27 L OFEGARE, B OETFERR
ERTHEREROIEFFTEONHO 1 KESTEREAT AL TH B, 2L, BB DEL
B, EnIsoR—ROAICHES L T5. Z0k5RERICEk ST, ¥YATFLDEROHHIC
B4 33 E 5 WIIOREOREEL, IBFHIEOE~ A v FOBREHVWTk® B &N
TEXB, CORER BOOHEGRAHIEENE/X5 X — S BRADOEBE, ¥R T &OLGEHH
ZRIC U85 2 — 5 OHEED, T— A v MERFRHOTHEBNASIKITA S, 138, Con/k/n/
FicBid 2 2ok 5 BHfEI}, Akiand Hirano (1995) KBWTiTb Nz, = OHEOIIES,
CITORNTH B,

* Bl HWRUKBERT: K T108 SEEEXAER 4-5-7.
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AREOLTORRIZIROBY TH B, REIKBWT, ¥YX7FAD0EGOHEIEFSGIEDS
O 1KREATERTFIRC>VWTHHAT S, F3E, FA4EZ L THLIETHE, TAZThEK
B m-consecutive-k-out-of-n:F ¥ X ¥ & (m-Con/k/n/F), Circular m-consecutive-k-out-
of-m:F v X5 & (Circularm-Con/k/n/F), % L T Strict consecutive-k-out-of-n.F ¥ X 7 &
(Strict-Con/k/n/F) ixtd 2HFMami 525, 58, L3 20V A5 Alcxdd 5EHA
BiRH & B#ERSIC VW TR, BEOBHETEX 5.

2. VRFLOEFEBATHICONT

CDETIR, YRTLOEGNE, BOEEKELETHEREROIAFH RO A D
I RFEETERT 2 HEic >0, ThETRITb 0L 2o OHFEEHEICH~ S,

BRSOEEREREE, ..., & E L, MIrOE—HFRIHECH I SDET B, &,
s & DIEFHET RS o) < - < Ew Eo OOABERE Go) £T5. £, YRATLOAER
K% T, HmameF@) &7 5.

nAORS TR shiy RFa% {1, ...,n) EEI—BRTE. B {o,....cd BEELT
W3 EXE, Z0OlEH % s-sequence & k35 FHEST e, ..., ¢ OEEEITE - TY 27 LD
fE4 2 &%, {c,...,c) % s-cutset, ¥ RF AHHEELKIFHiL s-pathset & L35 &5,
s-cutset ONEF% s-cutsequence &V 5. I T, HEOBEEEERBICANTVWEDT, &
/NS s-cutsequence 2T A E Z . I I T s-cutsequence {¢1,..., ¢ BER/NTH 3 &,
{c1, ..., ¢} DEHH {ci,....ct U<s) B l-cutsequence LB VBT WKETH B, T78bEH,
(s—1) MO OHEELIEETEY A7 L 3EIELTWT, s HOBRSTOBEEL KR T Y
Z 5 AHEET B & 5 K s-sequence BT 3.

WEDHDVRT LAY, sEORSPHEL A THELLET S, OISRV RATLD
B Hs s-cutsequence 12 & > TR INIE, Y2 FLOEFEEREIZE, THY, Hha/kid
Ge(@® T3 3. s-sequence DRI, n(r—1D--n—s+1) BHd 5. ZTD5b s-cut-
sequence WL DB B LML NIE, Ge@®) ITHT EEABOMD, Y RFLOEGIHE
GCay®, ..., G (® D 1 iEETEETE 5. Lk, B/ s-cutsequence OBEE r, LT 5.

v 25 D ER DSBS % s-cutsequence 2 F|H L TR 5 531d, Con/k/a/F i
st L TEBH SN T /. Bollinger and Salvia (1985) i, s-cutsequence Of¥r. #H VT,
Con/k/n/F OHFEGHFHPEMEBZTEN/. o ic20 T, Hwang (1986, 1991b) OHF
WBE5E, r, AFEHLE LT Con/k/n/F OHEGHHBFE) % Gy, ..., Cu® D1 IKEEETER
B4 25813, Akiand Hirano (1995) THZ St T T, —RIIK Y X7 A2 0RIC
B3,

WEA A sHORDOHEE L LEETY 27 A0KEST 2HL LT 5. BRSOFMTH
DT oE—T, & D s-sequence bEMRTEC 3 EEZETNE, FO KDL
RTEDNTES.

F@ =PT<?t
=Y P(A)P(T <t|A,)
=Y P(AY P&y <.

fz12L, flZ PA,) PIEDEAEELZEIATEZDSDET S, P(A) R ws &P E, 20
s ZHWT
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— rs
@s = n(n—1)(n—s+1)

L&Y, #R

@D F@) = Zou,Gy®

285, KL, Zu=1Tdh5b. ¥, Guw® & —BRITGWO ZHVT
G ® =i25<i>{G<t>}"{1—G<t)}"*"

EEE B,

ETATr L, s-pathset OEMLSERD BT ENTES., 52 A5 LIKHT % s-pathset ©
Hra) £95, TDLEE,

2.2) r,=m—s+1D(—Dia(s—1)—s!lals)

DR Do, FROE1IHIE, (—1) HOBRSOBETIRY X7 A5 EE Y, hosBHOD
B DMEHE T B s-sequence DETH D, FB2THIZ, sHORSOHET S & X 7 L DSl
LW s-sequence D TH B, TOENr EE. ZDXH ik 3R 51E, Con/k/n/
FlcHBWWT Hwang (1991b) * Aki and Hirano (1995) T&Hh/d, —O Y 27 AlIKBW
THROVID I EVBENLOERP ODLM B, [>T, als) 2RHBEPRELL S,

Y RF LDERDHE 2D OLHREHT LI EOREBFEE, YRAFL0FEEHEmE
ZOLEE, ROLS KIEFHFABOMEEL HGRD LN B HILH 5.

2.3) E[T] = S w,E[E)].
2.4) VIT] =X o,E[85]— (E[TD?

(EEMEER I B WT, BB EPO) (0>0) & Weibull 5% W@, ¢) (0>0, ¢>0) #&
CREEND., FRNFhOSHBEEKE, OB TRGE =1—exp(—1/6), Weibull 54T
12 G@ =1—exp{— /00 THB. ThoOHHERELIEEDIFFFARBOE~A Vb
i, BRAHROBS,

E[f(s)] = 0__% i.y

-s+1 2

VIiEy] =6 2

i=n—s+1 12
ThY, T Weibull SHEOBEDIRDE— X VM,

- l
Elgy] = (—-WTHF<1+2>JZ<SJ 1)( 1/ (n— s+1+])< >

ThH 5. IO UEEFEEIEO™BE I >\ T, FIAIE David (1980) % 713 Johnson and
Kotz (1970) HAxBRI NIV,

EEESFICBVT, BTREEBEICHVONE Y 2T LT kout-ofnF v 25 & (R/
n/F) b5, Zhig, nflHOEADS L, DI &b R EOBRSIHEL 2 & XITiET 5 v
RFLTH5B. k/n/F TR, HELZES OMEICERRIC, 2 EORSSHEEEL fckRTy
AF LDHET B0, 0 =1THU, FERAHIE G @ SV, ok 5 REEAH»S
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Gwm@® #BNE, QD 0L3iEBT AL, k/n/F EOMEEDL EVWHSEKRTHER
Thb.

T, RO EILEET S, b L, als) BEZ SNIE, B OEFHERIPAL O E—
Tp O, Y7 LDOEHEER

h(p) =3 ap" 1 —p)*

THEZbNE. &, BIOHHEIC LT, BEEERDEILSTRETH S S, p ikl TO
HEHE 1-GO) 2RATHE, FBHHMRFO =1-h(1-G®) KL->TbRDHBI LB
TE5, &, TOPHPL2ROE—A ¥ MzoWTh, FHEBBRO =1-FO ZHVT
znzh, BT = [ RO, E[T"1=2 [ ROdTRHZTEBTES. Lo L, HIC bl

NEEBIT, QD) DESIETC i, TEONRERY BT, BRI EORELSEL B
LS ETENTH . FIELKTR, BENL Y 27 s d 55m0meke 5.

3. m-Con/k/n/F

ZDETIE, m-Con/k/n/F OFGNHEL L OCEEEGRZRE RO HETEKRD, I51IC
W ohDEELXGZ 5.

3.1 m-Con/k/n/F &I

m-Con/k/n/F 1%, Griffith (1986) it & » TEAINZ Y X T LT, —HISHEA T n B
SD5L, BHELEDEL LS REOBRSOBENm »rid 5L &, BWETSEVRAFLTH
5. 2L, BELLESOER, HWICERDELRVWEI LS. 34bL, —EEk
Lz k HOBSOBERSNE, ZORETEOEXZ 0L, WIKBASZ m=10DL X%,
Con/k/n/F L 15 B3EKRTZDPWIEL 1 - TW3A, Papastavridis (1990) ZEFHEIC->WT,
B% 4> D EEHER AT TRl — DS ICHE 5 Ba I BRI, MY TH 3 BE—TR WIS
DVTREERES L TWA, F/, ROOHMDHIC Weibull HEEL, ¥R T LDH
BAMOBENRHEEE5ZTVWAEY, BEESHEC 2V TRINE THERINL TV,

3.2 s-pathset O# L {EHEE
%9, m-Con/k/n/F @ s-pathset D452 5.

E3l mk<s<nloHLT,

31 a(s) =% <n_;+j>Nk(n—J'k,s—jk).

=L,

32) NGn, ) ~[§kj<—1>i<”_?“><”_kl>
i=0 1 n—s

<55,

EFBA. BREL TV BN E S, MELAESEF LERT T LiTdE, L, BE—5n
TAEZEZTVWADT, S, FUNCKBTERVWEDETS., 7, kEELILFOENTES
O<j<m—1) 85 % & XD s-pathset DI DVWTEE TS, VAFLNKRELEVWES KK
SO F 22 Vi T 2BE50%E, ROL> KRB LB,
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WE, SHn-—slEzr5, SEATIDE LV n—s+1lHEEEZLL. 7, jHO
kB L F OMig n—s+1 Moe Vs 3. cokduamotthr (" )En s
3, X5, BoDs—jklHOF %, n—s+1HOZw VI kU EANTKOTHETNIL,
VZF AREARY, T, sHEOXBIOTERVR - VEn—s+1HOE VIR ENICE
BEELEANT O L S I T 24D IE, Riordan (1958) itk - T, (32) THALhTW
5,

PlEho

a(9) = . (k it L 1 F OUHTEE il 5 & % 0 spathset OF0)
:”il<”_?+]>m<n—jk, s—3k)
i=0 j
£85. [

HE, 0<s<mk—1DELER, FORDITHESELEEITH VAT LAPHELIVRS,
a(s) =(2) Tt 5.

a(s) MEZohik ik, 22 hor.BELN, &5 Q1) hoEMIHERD S
TENTEB, EZAT, mCon/k/n/FOBEE, s<mhkilHLTws=0Td5b. £/, wsd
FEDEEESE s ODEAREM ZROE>CEZL SN 5,

BE32 m<mk<niZHLT,

+1
M= {n+m+1—n—k‘}

BEROILD., 72KL, ] 3x 2BABVERRKOBERTH 5.

HER. b - &b DFENBEETEYRTF LAOHWEDHSAEZ S, k—1HO F O#EH ¢
&, Y27 L0HEEFXEIT k+)) O<ji<k—1, i=1,....,m) HOF O#EFEm »
Fidb, FNODORICSHA-TWBIRELZELS. Zokvicid, DL SH Gtm—
D AR nZEsizn, oot n@rls o,

E=Di+ ¥ 4304 GHm—D<n
LV SHEFIOTT, FOK

BGis s s = (=Dt 5 ()
ERENCTE LV, OB

h(Gis s m D

1{n—nr%k—é§k+j9}+é§k+ﬁ)

k

1 1=
n—m+1) +;2 (k+7)
i-1

k—1 m(2k—1)
< - (n— 7
< n—m+1) %

n+1
=nt+m+1-—
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DEIIFHETE, MAPBHTH S LEZRTNEGENK 2. [

HEm=1&dhiT, HEL, HE32BLTr OFERIL, 1% N Lambiris and Papas-
tavridis (1985), Hwang (1991b), Satam (1991) ic k> TE SN/ Con/k/n/F ixtd 555
BE—HT 3.

33 ERNMELUEHEGICTTIER

T T, m-Con/k/n/F OFMOHEEGEFEGIHET 50V 2L DEEEITS.
HELEGOGERDLIE n OfBRKELKSZE, DRYCHERISERSN 5,
Papastavridis (1990) i3, BX5rDFHasfmic Weibull 4345 W, ¢) 2REL, n 2 RKEL L1
EEDYRT LDEAHEME T, DEESHZRO XL S CEZ T,

. ke L B Nk yYm=1/ ¢ cki l_
limPr (" T, <t)=1—exp — i) .
nroo g i=oN@ 1!

T &SRR, Con/k/n/FIcBT 22 DY AF AL THASBRTVWAS, ZCT,
Lilo#EsfmE, COETEHONIEERGMAHE F '/ ) LA2HKRT 5. JITH,
E=2,m=1273&L, BEREGDHIEn =10,20,50 I LTk, K10 (2), (), (©
RENFQ, =1 LREEL, c=0512¢ L L XDERTHS. B, KhOERIIHHES
Tk, BERBERAERL, ERCEVLO,L S n=10,20,50 DIETH 5. K115,
WROEEPBONS. m=1 OB RERIGEMOBESRWA, m OEFIKELL BTN SI1E
L, EUOBEOEIMBEI D, i, c DENPNIVE X, B c=05 O, BIBICRE
ENEL L5,

DEI, WL 2hrDNT A — 5 DfEI L TCEEEME HARNICRD, m OEEHENI €/
LXD, PHEEROMUKRSPVWTERT S, CoTil, E=21=10,20,50 cB\T, m=1,
b E L EEDBEEELICTRT. 7L, RODOERSMICIE Weibull 5% W6, ¢) %K
FEL, 0=1,c=051,2 & L7, 0 IREBKLE LS, ho 0 Officitd 355 4T, Kbt
OfEFT R EICL->TRHBONSE., Fhd, c=05DE%, mEAEMXEi & XDOPEEERD
RUBRKZEOZ b5, W(,0) TR, Bt COBRBHBERS ctc ' TtH 0, c<l,c=1,
ZLTc>10EE, ZhTht O E UTHD, B8 7 L THENERE2. m OfEEK
X THE, VAT ANEET S TORRIBELS DD, c<10BREm DEERELT
BENRD, B KRELRBZTE BN 5,

%£1. m-Con/2/n/F ¥ R 5 b D54,

n=10 n =20 n =50
m ¢=05 ¢c=1 ¢=2 c=05 ¢c=1 ¢=2 c=05 ¢c=1 ¢c=2
1 0.242 0.410 0.606 0.092 0.258 0.483 0.029 0.148 0.367
2 0.709 0.733 0.842 0.229 0.435 0.642 0.066 0.236 0.475
3 1.615 1.165 1.055 0.422 0.605 0.763 0.110  0.312 0.550
4
5

3.628 1.762 1.301 0.691 0.784 0.872 0.161 0.383 0.611
10.129 2.929 1.676 1.069 0.983 0.979 0.220 0.451 0.665
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) c=2
K1. m-Con/2/n/Fic B> 5 WL & BE SR O HE.

4. Circular-m-Con/k/n/F

Circular ¥ 2 F 4L &1, —FliciiA 7 n HOBESIcBVWT, 1BHE nBEHEZ BTV X
F LT, TOA&KTIE Circularm-Con/k/n/F id mCon/k/n/F EREICERS N 5.
Circular Y AF ARWLT, THETDYRAF L% Linear VAT LERET ENHAE. m=1
® & %, Bic Circular-Con/k/n/F &FEEh, Dermanetal. (1982) ic & » THRHNCEE SN
7.

B4Y DM BERER DS p> D [Fl— D& @ Circular-Con/k/n/F ioxtd 5{58E 13, Derman
et al. (1982), Lambiris and Papastavridis (1985) & Hwang (1986) THAoHHN T3,
¥ #- Circular-m-Con/k/n/F 22T, Hwang and Papastavridis (1991) TIEFHE KD
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%9. Circularm-Con/2/n/F ¥ 2 5 » O Ebs

n=10 n =20 n = 50
m ¢=05 ¢c=1 ¢=2 c=05 ¢=1 ¢c=2 ¢c=05 ¢c=1 ¢=2
1 0.218 0.389 0.590 0.088 0.251 0.477 0.028 0.146 0.365
2 0.630 0.711 0.818 0.217 0.424 0.634 0.065 0.234 0.472
3
4
5

1.417  1.092 1.021 0.399 0.588 0.753 0.107 0.309 0.547
3.199 1.651 1.259 0.650 0.761 0.859 0.158 0.379 0.608
10.129 2.929 1.676 1.001  0.952 0.963 0.216 0.446 0.661

SENTVWEY, TNLADEERRIRSZ5B, TITR, TOYRTF LKRXT 5 s-pathset D
Hr52 5.

BEAl mh<s<n—1iXLT,

4.1 als)=—2 mkl(”_lfs”

) )Nk(n—l—jk,sﬁk).
Nn—Sj=0 7

SFBA. Circular ¥ X 7 &%, n fHORSD S b ENL—2% S EEETHIE, n—1 HOEkS
h 513 Linear VAF AL 5,

VWE i BHOBSA S LEET S, TDEE, YAFANm-Con/k/(n—1)/F & LTHEL
KWk 575 F oS0 R, 6831 ofEREAVNRE,

N
2(" ].s ’>Nk<n—1—jk,s—jk>

i=0

THZONE. C0EIBSOEEDHFReEY H 5. —F, HELTHWIEEWY 2T AT,
SHErn—sHEETNATYE. ZOn—s TXNTOFESHTS 2EEL TEINE, EokHUHL
FTE, BELTVWEVWEU YR F o2 n—sHASI LIS,

CoEHEZNI, als) LT, ROBAFRINMED LD,

m—1

(n—s)a(s):n>20<n_1;s+j>Nk(n—1Ajk,s—jk).
P
LT, Mo, U
HBEOI<s<mk—1D&xIL, mCon/k/n/F @&%&Iﬁ]%b:a(s)=<?)'€‘&5. Ffos=
nDEER, TRTORSVHKES 2 EMNTVRTFLAPHETE05, an) =0Tdh 5.
50T, MItoWTbalE32 LRBOHFETEHRTE S, THBEKT 5.
WE42 m<mk<nlIHLT,
M=[n+m—%]

F2ILBWT, TOYRFLIINNT AEEEGEGA . BRE LT, mCon/k/n/FDEEE
EREDEENBTE S,
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5. Strict-Con/k/n/F

Strict-Con/k/n/F i3, Bollinger (1985) iT & » THEE Nz v X7 4T, —FlIcIEA K n #
DS D S b, kELLEOER L kS SEEL, o k—1 BTN O U iR 8712 v &
x, HfET BV RFLTH 5.

TDOVRF LT B s-cutset DX, Papastavridis (1986) & Kossow and Preuss
(198D It & » T, YATFLADEFEEARDBZFFEOFTRDONTWVWS, ZTOHEREFHT S
T &tk - T, s-pathset DEELITDESICEZL AT EBTE S,

a(s) = <n> *[5§23<n—.?+1> <s—i({z—1) ~1>.
s i=1 i i—1

BE, TOYRAFLIZOWTIE, Rushdi (1990), Hwang (1991a), Papastavridis (1993)
BETHRRBINTOL S,

6. M IC

AFf& T, Con/k/n/FAWIELIZWL D2HDY X F ADHHAHIT>VTEERL TE .
INF THEMORR, FEEBCRSOFEMG M ERATIETRDONTE. LIALE
HEGPNRE LR, EEIEOEGAHE, OEERD 2 &Iy, BRINIRUIE
DEGUEELH B, —H T T TOHBEE, s-pathset DI als) 152 >hhdFaaAnK
0, E—2A v BHBRESICRD OGNS,

AR CRETOREICHINIE D - 1285, YR F LOEFERAZBAT LItk ->T/YT
A — % AWEEd B EH5E, Con/k/n/F i LT Aki and Hirano (1995) TEamX vl HEE
OB, T—AVYIEBHVLRTVE, TITER-HLYRAFALARDVWTS, YRAFLDE
EHEOE—2 VIBEEIRDONBE T ELD, T—A VYV MNECIBHESAETH S, £
7z, ZOREEICHOWTD, Con/k/n/F OB ERERE, BOWI ENTHENS,

3

AFREEERT BIcH 0, PHBESZCESa 2 v b 2HEEZ L JEHOEREE
FLET, FABELCEHBE CEREECAEREOS L WWBHH L LT ET.
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Lifetime Distributions of
Some Extended Consecutive-k-out-of-n:F Systems

Toshihide Kitakado
(The Graduate University for Advanced Studies)

A consecutive-k-out-of-n:F system is an ordered sequence of # components, it fails if
and only if at least & consecutive components fail. The system has several variations,
such as, m-consecutive-k-out-of-n:F system, circular m-consecutive-k-out-of-n:F system,
and strict consecutive-k-out-of-n:F system. This paper discusses lifetime distributions of
these systems, and shows the lifetime distribution of each system is expressed explicitly
as a linear combination of distributions of order statistics of the lifetimes of # compo-
nents when the lifetimes of # components are independently identically distributed. As
a result, moments of the lifetime of each system can be easily obtained through moments
of order statistics. Some examples to compare the exact distribution with the asympto-
tic one of m-consecutive-k-out-of-n:F system for large n are also given.

Key words: Consecutive-k-out-of-n:F system, m-consecutive-k-out-of-n:F system, circular m-con-
secutive-k-out-of-n:F system, strict consecutive-k-out-of-w:F system, s-pathset, s-cutsequence,
lifetime distribution, mean failure time, order statistics.






