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Demonstration Analysis on Extension of Instrument Calibration Cycle for
Nuclear Power Plant Based on Weibull Distribution

HE Lihua' ,CHENG Yun’,YU Tao'’
(1. School of Nuclear Science and Technology , University of South China, Hengyang , Hunan 421001, China;
2. RAMON Science & Technology Co. Ltd. ,Hengyang, Hunan 421001 , China)

Abstract; Weibull distribution is frequently applied for lifespan data analysis. Taking the
data of the level measurement instrument of the main feed water flow control system and
the history overhaul data of temperature measurement instrument of the reactor coolant sys-
tem as an example, the weibull distribution reliability model is established and the
estimated failure time of the instruments is calculated. The results show that:when the in-
strument has 95% reliability, the failure time of the instruments is greater than the
extended 1. 5-year verification experiment cycle,these two sets of instruments has good re-
liability , cycle extension is feasible.

key words ; weibull distribution ; extended period ; graphic estimation ;least squares estima-

Y75 BHHA.2018-12-03

EETB . WEE HRBAIE AR IITA (20161J6131) ; iR BORME PR H AR 555 45 W 44 P3[R0 B3 o0 I ik
4 7B H (2019KFQ12)

EE R T4 (1983 ) , Lo, B, RO, 2 N A% TR 5% H R % 7 1 9 W 5E . E-mial: helihuahi @ 163. com,
FEEES T WH(1972-), 5, 8%, M+, FENF AR = TR, E-mail: yutao29 @

sina. com



5533 B 3

AT T8 458 - T A R 3 A AR P T R0 R S R S W 41

tion ;maximum likelihood estimation

0 51 =

FER AR RAE I (12 M HERE 18 1~ H)
AM TR EZART BITAT R, &2 R
M RGUEAZ ) I TR 5 I R B
XSRS i ST HEA T IR UE ST AT DA 2 AR
F18) g PG 390 J] 208, AT 8 £ ASC 9 P e i o A T 22
SKIPAG BEYE RN ARG ER T P 45 J] 10 4
R G50 S e IR A R 1Y AT SE e (H 2 AR 52
MY = #5457 P (as-found and as-left, AFAL) M2
TR ITEZOR I R AT 30 4 18
BRI H W TE Y, 53 A A G IR B AN
AENH I 2R, T ICIE 2R ] AFAL 23 ik g ik 4
R TTEENE . JBlAT 2R 23 A1 REAS 1 38 2% Fh 2 B LA
TR R B | 7275w B o3 A ] SRt
Y P s S 07 WA B TR Z R A
SCICERAZ L T IR as AT SR B B )R T s A A L
P, VL T2 457K i a4 ) 28 8 W07 00 S0 R s i
VS H50) 2R G0 Wk B DN AN Ry 3] A T A O 43
AR A5 BRI T 5 A, TS IEACR T8 B
PEAEAE F I RE K AT AT

1 AR R o A AR A

1.1 B /RS 7 R NL

HL ™ il ) i RO 4 2R G A IS e [ B 7
PO 19 2R FH B A 7R A VR 8 3 L R 0 A 6
B, G RAER AR R A B B, OF B IR
FHE LA 73 i A1 28 10 R L3 R [T ) R4 T
AL AN A AT B8 73 A5 S BUA  JiAT 7% 23 A1, Al
BCAR TR 3 A4 3R 7 i AN TR 2R 28000 9 2 o A S o
fiE o A F RSB R 3 A AT AT SRS 4
AT A BN -

F(1) =1 —exp{—(;)ﬁ} (1)

HAr 1>0;8>051>0;¢ TR IR MNIBTT R KRR
BUERTTE], B IR S, n W RESEL,

o=(8)() el ()] @
FERY Y AT S R IR

R(t)=l—F(t)=exp{—(;)B} (3)
FACRREN

_f) _ B ()
“”‘mo‘n“) (4)

X AT IR A3 A A B AT S A T R I, W]
DIARPEBEAUREA AL T X L A T S R (1) o FE
TR A SERE N fE v 7/ MEAR BN T
T IR R 2 SR R TR A B A ORI
gD AR .

R(t)=1-(i-0.3)/(n+0.4) (5)
Hp i AREARBAR N HES IR T 0 S 5 AT 5E RV
i3 B i REAS L
1.2 BFARSFEENSH AT

JBAT IR 53 A PR S B FEAS 25 e /NI, Ry
W/ RZE AR APl RS AU

1) EIBAS LD Xl S iR 40 (3) Bk
BOSrT LIS 3

In( = InR(t) ) =B(In(t) — Inn) (6)
4 y=In(~In R(¢) ) Fl x=1n ¢; T2 0 LIS H]—
KT PISEURAT IR I3 AT SRR R
y =PBx — Blny (7)
By=In(-InR(t)) WELMHPG,x=1In ¢ JHLK
R, X (7) h— D EHL TR, R EHE TR
RERPEILR S B, 5N —Blnn, FFIHITHE
TS RO EHE(E, F MATLAB #4422 il 40 ¢ 515
FPFR A RER HREE, WIS 2R S5 B TR
ZH m WOME, R0 RT LASK A 1 09 B AT 2R 43 A1 bR
B T R R AR R AR IA A

2) Fe /N ARG EE S x=In e Hly =
In(—In R(t) ) fHENEME K y=Bx—Blny, & A K
H AR /R A Y n A F7 il e i FEHLAEAS | («,
¥1) 5 (x,3,) e (o, y,) | E SR 22 TT A -

ch=g(%—ﬁui—mm>z (8)
/= Ttk M SR L T4 B g
ff AS (8) 5 SO /NS 22 Oy FE/ b, 4
FXFSEB A RIS, I B AR 5T 0, A
THREIRAR SR B R S n WO HHE Y -

n

Z(xi _;)(yi -y)
B=""— (9)
Y -0
n = exp(x ~ y/B) (10)
Hir 92:%;9@,}7:%213/0



42 IR (A ZRBEAR)

2019 46 H

wmﬁM%mﬁ%m%&awwwmm
(B,m) b, by, t, R n DALFEBE s BY A TR]
T HCABLR bR @U@

L(n.,B) = Hf(ti,n,ﬁ) =
B:(ﬁti)ﬁl-exp{—i(;)ﬁ} (1)

X2 (11) P 3 [5)  BOH 8075 3B SR ek 500 X 4K
RBAN
In L =nln B - nBlny +

B-1) iti - 2(;)B (12)

i=1

ﬁfum%%ﬁ&%ﬁnﬂﬁﬁﬂﬁﬁ\%k

T I HE ARSI M IR
81811BL %—nlnn + ZZ{]nt -

B0 o

R D

fif XA T AL ﬁ]%%ﬁﬁ?frﬁﬁ Ay, A SCRH
JELME T R4 B9 Newton B R Y FiRByAEZ
R (13) (14) B,

AR S AT B S T O ik, R AN ]
DRG0 S A T T S 8500 T B 0 LR A7 1R 25 5
59 A R p,p BILEE L T 1, WX
BT AR AR, TRk il A
PEREA T A R B S HAh 5 %, DL/ A 5%
25 PR TR

2 JAMAE A AT AT I By

ST AR« AR I (3R D 4 Jo] 300 1
FABHIAE |38 48 S AT 7R o A BB B A SR Y AT
SEFFA A AR R A IS G 30 B (R AH L, 2
K5 BRI J5 4 3 oA R A 3R 959% AT SERE R Y
Ffi it ] B A AR AT SE I R AT, I K AT AT
2 AN JE A AN W] AT A0SR A N ) Ak 2
FE T

B —

FF LI AT i At A2 R DA B %
HL T SR 25 7K B R GE A AR I sl KA
Bl R, U IZ T R AT AT AR ULGER AR
B 1A AL A FRIB 1T 6 AR, Sl
3 6 WHLRAGHE A, JAF[A] (/NI ) 4% A
INEIFHESN 4350 .35 688 h,36 336 h,44 472 h,

44 592 h,57 072 h,57 600 h, FIFH=(5) 2 H
AFN, 1) 25 55 AT 4 BE 4RI 5300 :0. 982 7,0.957 9,
0.9332,0.908 4,0.883 7,0.858 9, @il I-[&
AL T e/ Z 3R Ak 1R KA SR A 11T LA
REHSHAGTHE, SR SR 1, Y
R(t)=0.95 B, 3#@ it =FSEAb 1T ki 55 5
INEER GRS

x1 =ZMSEMGITAENEEX LR
Table 1 Data comparison of three parameter

estimation methods

SHA IR IRSEB RES My KAt /a

EIEAL 1 3.459 2 98 439.75  4.761 6
BN Tefliilik 3.460 4 98 431.74 4.7627
WA TR 3.459 9 98 436.62  4.762 3

M1 ATLLIE Y, S AURTE 95% Wl SR
B, DA T /N 3R AR AL SR AL 11 R
MR B E] 4350 R 4. 761 6 a 4.762 7 a Al 4. 762
3a, RTHEKIGH 1.5 a BYERIFEIZHEIY , 2
AR EA B B AT AR e AT AT,

=X 7]

DA R AL LT RO HEV HI N R G
JE W A4S Ty s KA Bl A 491, 0 3% 1k ) AT
Tk, ARASGERIEAR S AW R 1 a,32 A1 B
HARIEAT 6 RN, F A B 5 B{ERA G
A, IR ] (/NI ) e I/INEN R HES 3 531 o
17 760 h,30 240 h,36 600 h,45 860 h,53 280 h,
R (5) T8 R I Y 28 56 AT & B 2504 40 )
$9:0.978 4,0.945 9,0.916 7,0. 885 8,0. 8549,
0.824 1 @ik L EETEAL 2 | e/ kAL 1T
%ﬂ*&jtuwfﬁﬁﬁLM%IJE%%M?%HE 52|/
MXRSEFE 2, 24 R(1)=0.95 i, il =FfZ
BAGTH T Ba T EAR RIMR M R R L3R 2,

x2 ZWMBSHMGITAENEERTER
Table 2 Data comparison of three parameter

estimation methods

SHAH L BPRSEB RES R g KA /a

EITEAL 1% 1.851 0 145 800 1.983 4
BN R 1.85211 145 794 1.984 1
WU L 1.851 4 145 803 1.983 8

M2 AT E H, HAGRTE 95% TSR T,
BB AL L /D AR MR R AL AR A T TF Y



5533 B 3

AT T8 458 - T A R 3 A AR P T R0 R S R S W 43

R E A3 4 1.983 4 2. 1.984 1 a F111.983 8 a,
WRTRERJGHY 1.5 a S IFESZE F ], 0%
HAGR BA S i nl Sk I SE R T 17,

3 48 i

IR FIAE R W] DU S i T i e A
SCEEXFAZ LT 32 45 /K It a4 ) 2R e v o7 ) A
A RS 50 s 0 sz g 4 20500 2R e 1l B ) s 3R T
S RABEA , R FH AT IR G A7 B %o LA 3 ] 4
FER AT T 4307, AT LIS RN AR 4518 .

1) MAURAE 95% Wl S R I i) £ 44
K 4 ) 2R G A I (R ) AR AL T A5 2 g
v 10500 Z2 0 U 0 SR ) R A ] ¥ K ik
KIGI 1.5 a MO B0IE 256 5 41, 2% B 350 M 4113 3%
HA R R T e R T 17,

)BTRS R EERAT
AL T /D ek BRI THE =Rl
T, B AR X L I 0B (] SR AH 22 AN K
Ho/D e SR SR L AR B e, SR X P Fh
e ey

3) WA IR Ay A B R A AT TSR R 1 AT
SEFFd, B 7 VA T AR R TR R A
WUEZT

S 23

(1] JHF R, WAL 5. AFAL SMH7 07 ek | (X3
B IS E i N R [ D] &3 TR 2013,
34(5) :115-117.

[2] Bz A v T KA O B 22 5 190 552 6 0 300 342 E 0
FE[D]. #bH . EE K, 2017.

( BHE5 39 10)
(9] FRLL o] % A K Ir. 5 IS KE A 3D 3R E PR
EHT[T]. ZRAE RS54k (A AR R L 2018, 39
(8) :1196-1200.
[10] SXHE. F3E R 530 B8 XS AN ] 9% 3 P A 3t vy 10 A 1
BAE T[T ], WIRAC BRI, 2017 ,43(4) :15-19.
[11] YANG T H,JIA P,SHI W H,et al. Seepage-stress cou-
pled analysis on anisotropic characteristics of the frac-
tured rock mass around roadway [ J ]. Tunnelling and
underground space technology,2014,43:11-19.
[12] ZHANG M, DONG Y, SUN P. Impact of reservoir im-
poundment-caused groundwater level changes on regional

slope stability: a case study in the Loess Plateau of

(3] Vbt AT IR 53 A 45 8 K AR HUAR AT S 44 v 1 1oz )
WFFEL D). BB : LT R RS, 2010.

(4] KRB, G4, 7 24648, FeT/IMEA SR BSCEUIE i AT LA T
SEMEIAG D], Tolk T ,2017,20(5) :87-91.

[5] 4 BB PISE Weibull 4370 (S50l 1H[ D] B
ZHR#,2010.

[6] OZAY C,CELIKTAS M S. Statisitical analysis of wind
speed using two-parameter weibull distribution in alacat
region[ J ]. Energy conversion and mamagement, 2016,
12(2) :49-54.

[7] THOMAS D R, WILSON W M. Linear order statistic esti-
mation for the two-parameter Weibull and extreme-value
distribution from type II progressively censored samples
[ J]. Technometrics ,2017 ,40(6) :678-690.

(8] XUV, BRiAE , T HEe. ST B R 4043 1) T REALIR
F TR HLION[T]. TP R 24 (B AR
) ,2018,43(3) :960-962.

(9] TR, BRI, RT57, 45, 56T OOtk A9 BA R 70 A Y
WO SRR VR Ok [ 0], b 2 i sial
2018,28(5) :100-103.

[10] BRixtice A7, 18 B, 55, JE T MATLAB i) e/ —
el A0 05 ELATRSE [T ). D PR K424 42 ( F AR
FRER) ,2014,32(1) :75-79.

[11] MEHTE , X5 5%, Weibull 434 78 58 2 5046 4 1F T 89
ZHRAETELT ] i PE R R R 2 24 (AR BF 2R
2009,25(4) :17-19.

[12] i BiRsmls , ST, 45 Al R Al 7 i SR iR
KAUSR AL T7 2 [T ). 2% 45 38 FE H R 7 B 2 3l
2003,14(5) :46-48.

[13] B . PISEOA R o0 A T R I 56 ) 240
WAL ITIEEFE [ D] GRS - B TR ,2018.

(TTAT A %)

Western China[ J]. Environmental earth sciences,2012,66
(6) :1715-1725.

[13] LEONG E C,RAHARDJO H. Two and three-dimensional
slope stability reanalyses of Bukit Batok slope[ J]. Com-
puters and geotechnics,2012,42.81-88.

[14] 5kA6. B S5 01 5 BORE 5 23 H F AR ]
[D]. B I KF,2004.

[15] W& HET98 00 - N7 R85 1 A 2 3878 2 1 0 A
[D]. 2B RBUBHE R, 2015.

[16] XUHEX. 5T i [ RS & B I AR e M pr [ D 1. R
B PUR A R 2, 2018,

(DTS < K50 )



