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Determination method of the spare demand for multiple
components with Weibull distribution
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Abstract As to the spare demand of the multiple irrepairable components of the Weibull type, the method
of Monte-Carlo simulation is employed to compute the demand of spare conveniently. This method is also
applicable to the types of spare with other distributions. Furthermore, the adaptability that using the
exponential method to acquire the spare demand of Weibull type in engineering application is studied.
By reasoning, the result indicates the conservativeness of the exponential method to calculate the spare
demand for the single component approximately. The practical example also shows the conservativeness
of the exponential method in the condition of multiple components. The extent of conservativeness is
mainly related to the supporting time, supporting grade, component number and the shape parameter
of the distribution through brief analysis. Finally, the application occasion of the exponential method is
presented.
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R TRREAST, HE LA MR FRAE 20 %, 0 Weibull ZUA (- RAETALZ @ Z A B R
RSN — P ZEICTTREL. EEA XA T SO BEEOR, S LT — SR HIK, X FhZ4
AAMEHRIF AT RS, ST R EREGFIRE MR LT L Z, WKk (4-6] &5, X BESEAFAERE A ¥ ik
H Z AR O R S TARR SR R B DU S . o AR 18R, 140 Weibull 7341, 4n2fii R
B TR BERIERR G IO & AR, TR EEERR M iR BUH T, R R
RIS s PR, SRIBE R BaR i, W B ST LM B0 8 5 (R A7 e o A1, TR & (A P SR B LR
DEITEILT, WERHUL G A R AR S AU T A R 78, FEMREOLR, SEhr i A v 3 e
BRI GHAP A7 AR SRR R R, RHERCR SRR (LT RIFFSE0E) Sr it H R
R & AFOREL. EFOTAGEIR S RS A REN L LPRTREE, WA SCHRBTIE.

BEXt Weibull ZIZ A nMEHR{F R B TARRT Y& F TR I8, A<3CHE IR AT Monte-Carlo BHUBII%, 11
AL R TR MFR. eI L, BFMIER0TERE Weibull LSRR EHEN . I
25 HAEROT AR SRR BR RN fRIZEMT R ST RO REBE S ORI TE] PREEEE . TR BB RS R KA.
B e 4 G RO VRR P AL,

2 Weibull B S & & HFRRE

W 1R, RERRAEELCN 2O LG o 51,
m(m > 1 H m RIEEE) N AFHERAHE R R : t
Bt CAERT R B R, R A AR S LBl b 0 @) O L
BT, RITE 4t A] ZEE AT, IR AR5 Eei X 0 X T t
TELE EBTIA] (0, T) WA R R, Sebr P2 Zeat
FOXLEIAETE (0,T) PIFTR AR RB i St Sl B 1 S et TiFnEE
BRI SL IR S A7 1, FooA7 bR BOR1 25 B R B
AR F(t), ft). Ao MTEH 1A, FERFE] (0,T] N, FHATRER ERSIERRECH n1, WFHFERLE n 4
B X ng DERFFRINN X1 (0 =1,2,- -, n1), WEBR LR

Siny = X1 + X2+ -+ X, (1)
BT ERECH F (t) = P{S1n, <t} = f(f FOO@)dt. A Ny (t) = sup {n1, X11 + X12 + - + X1py <t} M
(N1 (t) .t > 0} BB R F (t) BEFr 2 O 0, 348 2 A, 1 FO2) (1) = P {Sa,, <t} =
fot f2) (£)dt, BLJ% No (t) = sup {ng, Xo1 + Xog + - -+ + Xon, <t} FEm D H FOm) (t) = P{Spn,, <t}
= fot fOm) (#)dt, Ny, (8) = sup {1, X1 + Xz + -+ 4+ X, < t4. AKX m ANEBETERE (0, 7] AT
HRIREL N(T) 4

N(T):Nl (T)+N2(T)+"'+Nm(T) (2)
ML m AERLETERTTE] (0, T AELE n KESREIIHER, BIEREREEE o (0 < a < 1) J4:
a=P{N(T)<n} (3)

X 3) S TIREE SR MFRRENEALR. ERAFSHUME P{N (T) <n} WEMAEIIFREX,
L LRFEEL ZBETITE. YR HARBRIHM R F(t) = 1 — exp (=) B, THENREE 5805
REHRAERAA )
X1_a 2(n+1)] =2mAT (4)
SR, JFERTA A&l 2B ER GRS I R RERX. RS, HeRBa R R
BRI AIE RS, ATTMESZRRAN . SR [10] 25 T IERS M, Weibull 347, Gamma 345528
R BAER (A2 (I TR REBLAL. Z0CHRIS 21 Weibull UG5 REFALZ— M2 EILFREL, 1HHAEER
ME. FEMCEER b, BB I TAER TR, WIAE S B B A A ZEa R B TSR
B, it E MR R, BARRARFRRE EAE. BIg BB I —For et .

3 EHHFKRMEXRIZIT S
3.1 EHigit

M 1 WA LLEH, 2T REN S R HHG 4, = {(N(T) <n} WE. NTIHE
et P{N (T) <n}, BIEREER, WLIRH Monte-Carlo JyikXfdift A, BEXKEHITE, fHitdH
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A A, IR, BT RWHBEEIRE N (T) &Ik E M, Bl S Se B8 26 R i R
BN (T),No(T), -+, N (T).

FFE 1 AEIERTEEIREC N (t) = sup{n1, X11 + Xio+ -+ Xuny, <t} BT X1, X2, -, X1k 2
SRR FELAS B, T m] I~ AE & DNSLF AT HIBENLEERE ©11, 212, - -+, 21k, FIBTEEE B(k) =
(X1 + X+ + X > T} BEKRKE. & B KE, W T N (T) =k — 1; BN, & 801, FE7EH,
EHEFAR N (T), BRI 1 DERAEREREL. RIPEREHKIRASE] No (T), N3 (T), - - - Ny (T). A4 S BISIREIR
BN (T)= Ny (T) + No(T) + -+ N (T). LA K 1RSSR, 0 N (1) = N (T).

HE FABRRE N IR, 8688 — 1l N MEERARN—4E8A, BN = {N(1),N(2),---,N (N)}.
St B N APBRER i (=0,1,2,- ) BN A EIER fo, fi, for oo BRICATRAZM AR R BUE T
BB P (N(T) = i) = fi/N. BFERECEE, UBBIRE N #KEE, P (N (T) =) 5% P (N (T) = i)
AR/, RS RIBEHTOT, 7 P (N (T) =14) 5 P (N (T) = i) IR

AT P(N(T)=i), B P(N(T) <i) =3, P(N(T) = j), Br BIEEIRA BN EL i (= 0,1, )
HIMER Po, P, - - -, Py AR RMa e 40 Hrp, o BR/NAIRIR SLhr 2k Hi . BT P BANEHEE
HYBG R TTZ TG KRy, B Zlinélopq = 1. [HICFATFE HAREK ko, 118 P, < @ < Pryy1. RIFTAEIEEIR] DIRIGTE
REERE o PR MHTRRER: b
o — Py,

n=ky+1+—m ko 5
0 Pk0+1_Pk0 (>

7 LBrik, M Monte-Carlo J7 ik 2 2 F i & MFRER B 00 77 89, 18 TR A JE LA
TEfbTE P Wk, BEOIRARSIREL N. BT RIERER P A5 EE, iy b AR PR 2 AT 40:

_ _[vN(B-R) v .
1\}£an BU-P) <x] :/_Oo\/—Q_ﬂeXp(—t /2) dt (6)

PRI, X T4 MR € > 0, U | B — P| < e HERAY

P{|E—H|<5}%2¢<5 -1 (7)

N
P (1-F)
WBE P, 5 P BRENT e (ERAT 8, BRI N e

20 |e

_1255

N
P (1-P)
(L

u2 9
Nz EPEP(1-P).

M Pi(1— P;) <1/4, FIEERIRE T E
“21 2
N > % (8)

RELRIE Py WOREEE. AN € = 1%, 5 = 95%, BR1GH: N > 9604.
3.2 FHAZU

RIBFRET, T m AR G (1) =1 — exp (=Nt7) ) Weibull BT, fREEEEY T, (REEEE N
o B AR R B B S BR I T

ST 1 WHk i =1;

S 2 VGt m=1;

S| 3 VR k=1,

ST, 4 WMRESSIME U (0,1) BOL=4: k ABEHLEL wint, wmz, -« Uik

SIS L Xy = [~ (L —umy)] 7 5= 1,2, k, 738 kA Weibull 40BN it

ST, 6 WM Ak = { X1 + X2 + -+ + X > T} BERA, FHRAE, MIET Ny =k — 1, %0,
k W4 1, R AR 4-5;

ST m B 1, BELE 36, S Ny, No, -, N, WS N () = Y72, Ny
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SIS N1, ERPHR 273 N IR, 8RR N AMEERA A N = (N (i) ,i=1,2,---, N},
DA HZRATET 0, 1, 2, - LR fo, fr, -, fio RIFAAIRE P(N(T) = 0) = fo/N, P(N(T) =
1)=fi/N,--, P(N(T)=1)= fi/N; BRI P = P(N(T) < 1) = Y, P(N = j) {5 P, Pr, -, P

ST W o 5 Py, Py, -, P, 7 Py, Saﬁpko-s-l,*ﬁﬁ‘n:ko—i-l—i—%ﬁ‘z:ﬂéﬁ%"*in-

ko

IR, Xt FHERBES M (AT, TR iSSR0 R R L P BOCR SRR &

4 BUHFRENIEHTT ERAE R EE

TESLRR R R, At o A B AR e T IR MERY, R E R & 1 T e f BB AL T, HE
Wi A A W RME. ZELCTEOL T, ATH RS0 2 BMR & S IR G 05 A, HesBusialskin
IS R KRR, XM A R G R 2K, A LB THER.
WA G (t) =1 —exp (—Nt7) 1 Weibull BUBEERM: HVHFEMHN 1= 51 (1+1/6). BEESM
BT A7 1 FISEHE AT R R F(t) = 1 — exp (—t/p), X5 FF AR 1 TR AL 6
XF Weibull ZLAERARE, RIECEFEACIER F, F B EHENERES LR L EA
PRSFIE. FRASSCRRIEET R I 4 R SFRR R &, 11 2.2 9 Monte-Carlo J{RAR A RN K8
TORE”. AHE WA ZEN, BAAH TR ER.
FIE 4.1 24 Weibull FEIRSE B> 1, Ht<ubh, H G(t) < F ().
WA WRB>1E, AL (1+1/8) <1, Xt<p B E>1 084
p/t 7
{m T 1/5)] =7
fRifE A

BN < LKA G (1) < F (1)

TEEFE 4.1 AN B, FIFBEE A0EA SIEN RS EER kB W (1) < F® 1), T4

PIN(T)<n)=1-P{&+&+ -+ <Th=1-G""(T)>1-F"* (T)=a (9)

A VAR AT 4, FER RIS n FEZERT, Weibull 7B {RKE BE B A TH 50 RS B, IR 27— R kS
BT, BN A& EE Weibull BlZ. JLEAHEEUT RS BI04 F20 B IR E0LR Y, HEA RSP [
H, XtFZ4 Weibull BUERA:F] B TAER 2 A5 00, $a807 A+ 0 BA RSP

PR FEHO G AL SR PR e — R AR 22 (X ERFREy “RSFEE”) Sk, Al

ng —ny

o= (10)

o, ny EIEBOTIEBEIEER, n AEERAFLHRE, 1A Monte-Carlo JIAHEIRI AR

5 SEGISR

Xt Weibull BZHFFE R TAE, E/5H A Monte-Carlo J7ikiH HAEL & R THAFHITRE ni, H
MAHEEONEAFHHRTTRE no, B RHRTE o, RAELHLER:

1) R4 Weibull MAEIBEN, B, W3 1= iz T (1+1/8), BN = 1/p 8 X RI7fE HAL, "4
THH PRI N 1, DUSREBCR R & i AT S50 (8, \), WeallSE0s: (8,)) = (1.5,0.8577)
& (8, N) = (2.0,0.7584);

2) Sy eI T, DREESE o, FEREFRCRL m, ARFES (4) THLHPRSTREREL no. PREZIE o 215151 0.80, 0.90,
TREERTE] T 43508 1/8, 1/6, 1/4, 1/3, 1/2, 1. 3HAEHHE m = 1,5, 10,50, 100;

3) M Monte-Carlo JP¥ATHRHTERE ni, HRIEHFERE, FUKE N B 10000.

4) RPE (10) HHEBRFE 0.

TSR 1-3. TR =478 A L0 B 0 IRSFRERED ne . MBATRRE i AR o0
WEAG AR, 5 2) PRTRERERTHE AT LUF A Monte-Carlo BT, B HEERSHAA (4) 715
HIEARYIE, X IEHRIIH A Monte-Carlo 1A AR FRR B4 R IERIE 5 Al (51
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#®1 8%K (8,\) = (1.5,0.8577), a = 0.8 RERFERE. BHERERFTE
T=1/8 T=1/6 T=1/4 T=1/3 T=1/2 T=1

m=1 0.9065 0.9451 1.1089 1.3495 1.6380 2.3493
0.8332 0.8514 0.8895 0.9413 1.2399 1.8656
8.8% 11.01% 24.67% 43.37% 32.11% 25.93%
m=2>5 1.7914 2.0214 2.6941 3.2333 4.3175 7.3621
0.9716 1.2478 1.6764 1.9662 2.8460 5.5921
84.38% 62.00% 60.71% 64.44% 51.70% 31.65%
m =10 2.6941 3.2333 4.3175 5.3556 7.3621 13.1158
1.4203 1.7173 2.4597 3.0893 4.7278 9.8433
89.69% 88.28% 75.53% 73.36% 55.72% 33.25%
m = 50 8.8172 11.2285 15.9256 20.5714 29.6716 56.4125
3.5711 4.7403 7.6472 10.6983 17.7404 41.7950
146.90% 136.87% 108.25% 92.29% 67.25% 34.97%
m = 100 15.9256 20.5714 29.6716 38.6547 56.4125 108.8691
5.8120 8.2723 13.6006 19.6364 33.3342 80.3462
174.01% 148.68% 118.16% 96.85% 69.23% 35.50%

* 2 %K (B,)) =(15,0.8577), a = 0.9 HHRFHERE. BHERERFRTE
T=1/8 T=1/6 T=1/4 T=1/3 T=1/2 T=1

m=1 1.1587 1.3793 1.6225 1.7682 1.9677 2.8929
0.9351 0.9524 1.0288 1.3670 1.6727 2.3450
23.91% 44.82% 57.711% 29.35% 17.64% 23.36%
m=35 2.2889 2.6841 3.3381 3.9195 5.1321 8.5112
1.4301 1.6862 1.9869 2.6151 3.5380 6.4441
60.05% 59.18% 68.01% 49.88% 45.06% 32.08%
m = 10 3.3381 3.9195 5.1321 6.3114 8.5112 14.6824
1.8221 2.1417 2.8987 3.8183 5.5530 10.9437
83.20% 83.01% 77.05% 65.29% 53.27% 34.16%
m = 50 10.0456 12.6658 17.6596 22.5277 32.0024 59.6794
4.2183 5.6720 8.6894 12.0625 19.4841 44.2292
138.14% 123.30% 103.23% 86.76% 64.25% 34.93%
=100 17.6596 22.5277 32.0024 41.3527 59.6794 113.4316
6.8278 9.4354 15.1831 21.4387 35.8691 83.8983
158.64% 138.76% 110.78% 92.89% 66.38% 35.20%

M 1-3 WEERFLUE S, RIAHEEONATEE m > 1 5 Weibull BLZERAAFIE, 48R0 R, B
ER IR
1) FERMEAASE. REEE SRR — @ BT, 1880 RM R EREE AR m RS 2T
x;
2) TEMFEISEAE T, IRl A8 BIFR R 2 ZRE R RIS B K, TSSO R <F B PR
[ 3 K 1T BT R
3) FEMF S T, FeEOT LM IR ST BE R B PR B BLK I S S N B
4) FEMF AT, $BOTEMIRSFERETRRSE 0 WK, 5k 3 FrpyfR<FEEEA W AT
e VAL N
TE AR R, FEOT R AR SF A A TG P W] AR TR SRR A U T A2 . 3 H5 0T BLA T B Weibull
B2 RS, W—mF ™5, RSN T 12 28, MAHE m —KE 10 4
BRI LA, SRR RI7E T A dr AR, FIFPSEO RS RIN AR SESMEMERK, RFENT 1. 4
mpk 10 AR 8 AERTEA ], HOBAIRSEL 6 0 1.5, fRIERTECY 8 47, fREEEEN 0.8 IEOL T, ¥
BRI AR SFRLAHZE 3.273, fRSFAEN 33.25%. Tk T HRE &M R EE, SRR m KRENSEBRSEKT
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2, MRt BP AR a) A, HEEOTE BRI GS RS ERTIRE, 0 m B 100 4, HE M, ff57
BEH 35.50%, TMiiRZEikE] 28.52.

&3 BHKA (B,)N) = (2.0,0.7584), a = 0.8 BIIRFHRE . FHFRERRTE

T=1/8 T=1/6 T=1/4 T=1/3 T=1/2 T=1
m=1 0.90652 0.9451 1.1089 1.3495 1.6380 2.3493
0.8105 0.8204 0.8420 0.8723 0.9731 1.7273
11.85% 15.20% 31.70% 54.71% 68.33% 36.01%
m=5 1.7914 2.0214 2.6941 3.2333 4.3175 7.3621
0.8472 0.8999 1.1009 1.5313 2.1924 4.8266
111.45% 124.62%  144.72%  111.15%  96.93% 52.53%
m =10 2.6941 3.2333 4.3175 5.3556 7.3621 13.1158
0.8980 0.9955 1.6155 2.0048 3.4289 8.4863
200.01% 224.79%  167.25%  167.14%  114.71%  54.55%
m = 50 8.8172 11.2285 15.9256 20.5714 29.6716 56.4125
1.7720 2.4626 4.1627 6.3516 12.0964 35.5586
397.58% 355.96%  282.58%  223.88%  145.29%  58.65%
m = 100 15.9256 20.5714 29.6716 38.6547 56.4125 108.8691
2.6622 3.8745 7.1219 11.3908 22.1182 68.0976
498.21% 430.94%  316.62%  239.35%  155.05%  59.87%

LA BT, BRI AR RO R HI L —BORTE S MFRBIRS RN T 12 Z W), FAEdE m 78

10 A~LAPY, EARBEI TEITE-24 4 o LA P, A58 45 RS e B THY, BB IRIREER, HARSTBEEAR. X
THENR, ATUXSEONARNSERETBIE. 2T UETBIECARE .
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