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Abstract

For maintenance cost reduction of compact helium refrigerators, optimization of a maintenance schedule is
demanded. However, data of failure probability do not exist sufficiently. Therefore, Bayesian inference is applied
for estimating probability of failure by a trouble record of the refrigerators. Weibull distribution is assumed for the
probability of failure distribution and the investigation is made on scale parameter and shape one. Influence of the
initial prior distribution on the results is studied systematically by giving variation to mother parameters. In order to
assist the maintenance planning, the estimation of MTBF and hazard rate are also investigated. As the result, the
relation between the initial prior distribution and the effective range by Bayesian inference is clarified.

NA RIEIT KB/ T b B O R R O REA

1. [FCHIC JEANR—EIC/RD LS — & TMEGIHE L T\

3 SN Vil 4 e - g oE NS ~
T D BBERL-FELCIE . 4B 0BEEERoe 07 BREIERICRE — X B sz b,
NENCHHRIOVEAY 7 bk (LAl R Y 7 AIIRIET B, kIR B B DR
SRJ-2008) % 7 5A e . MEAEIETIAH A B% L W R BT DI TEEE] CEBEX 21T O LE
70 = o FRIERE BN EET A LB RN R DD DT BEREFITIITE O & O ZHTRIG
SRR B E, WA~ 7 AREFET H-wE LT,
B CHFERE NS EIR S B2 MLE R H H, Z D= WO E & LUC, WiE~Y v AENOIE S %
5 20004E LLAT I A s D iR (a8 2 H i & L C LA MEFF X 72K 720 | RIA~Y o AR LTZ H 2k
WC1E D ERESF SR AT TR, Bara A b EHEERT D, HEHEOWEEOMETLE A2~
D HIIK D 7= 85 20004E DL 1T i a0 BRARSF~ & 5b 2320004F LARTIZ DU TIEREER AN FR © TUWVVRWNERHFIRR
SR AT, WSRO ER S ST D, e RERNER AR SR BRI NS o727, EHTICIE
KADEBEFA—NEZFFA L BEERS 2T L%M 2000506 OfeRE Az, EICHE > TV =D
L., dsL Tl RWNEERIT o= BT A Lot~ ) 7 v
— RIS ORI e P EE 2 B L EIRS TN ThoT, AKMHBEARKROREICE T 519
T T A2 EMEE LW, fidkofiax b2 FHEZHWTHEZI TS T2,
BT 272 DI LR EHIRTF 21T Y Z ENRD 5 i
NCND, 207 DICILERO MRS LIy 22 B
TS BBETH L, MEBEHRCHA SO el 20 L 72 % 0% st o iR (1) 20
EoF 2 <\Giﬁ%$%&“ﬂif£b\fz&)\ FHEHTEDOM XN TALTANMHCIED & Li-4,
BEROT — X BNELNRNT EREZN,

a-1 a
AT, R OHEE ISR I D 70 7 — “HmmzapJ wp_pj
B BHERECX DA AU A L, ki s\ B B
EoMbECE DR R, £ BLME )
o eSS T A B ST T co amis T A BRREST A—
T 2 Chb, flE LTa=0.5, 1. 3OE OMRERD
_ . R ILA R 1IRT, S OMpHb»M5 kI,
2. AREMEOET L 0 < 1 OBETNEEETTH D . oAb
SRR U 417 - COIR B 5 2 0 BRI IS & s

Mo, —H. a> 1 OEEITEBRELFEN THY | it

INIANY 7 DGEHEEIT = 7 Ly G LB BERANHIINT BRI A T T R AT 9 DREIRY

RIEHZ D ORI TEY, MEROLHALE  <chdr Lz d, 20D, aDEEM5 LIk

DTTEOMHEEARL6EO T Ly E2A L 0, MEEZHOLTT-OOREEZ I CTHI L L ARET
TW5, MHEOBFEERITRIENY 7 L8 NO 525,

! E-mail: kikuzawa.nobuhiro@jaea.go.jp

768



FP09

Proceedings of the 3rd Annual Meeting of Particle Accelerator Society of Japan

And the 31th Linear Accelerator Meeting in Japan (August 2-4, 2006, Sendai Japan)

R fE
X 1 : RN T A —& LR R

2. "M XHE

TN T 9 2 BE R OV Tl 5 O i =4 s
bEROFEMEWET HHE. tOREOT — XN
BONRNZ ENE, ZO XS, MK
BRI 21T O L0 b B B8RS A
EHIELNTT —ZICESWTEHRLTWL &
kg%ﬁ%ﬁiN%fﬁﬁﬁﬁ%?%é&%zah
o

MEOHET — 24, b, 3 F bz & &, D
FHIG3A0 % Qprior & T 5 & F4% 5740 Gposterior | L (2) T -
ZBiLh,

{H ft |a,ﬂ)}gpmr (@, )

II{H f(t, Ia,ﬂ)}g or (a0, B)dd B

..(2)

Z 2T, FATO A Gprior (a1, B) 1L i E D53 72
YINEDOT —ZIZE OB O ART A—H L
RENRT A= OBBTHD, BEO+NT—4
WIS DFEV FEHINMPRE TERNGEIC
T Q)R LS R EEREFEAI MR AHTH D,

gprior(alﬂ) (3)

g posterior (0[, ﬂ) =

" ap

3. HEMR

RN I IR EH AT Y 7 FRT B X OVHE# A &5k
WhHEDICw Va7 EEEy T ey I 2 L —
a rEITH Ny r—U T HMMCpack™ & 7=,
Flo, A ZHEEOWI A & U TR R
fizMiH Lz, HEMKREE L Ta=1.13, B=335
Boni, BERORFMZE(LZR 21277, Bl
BRI & & b EAT 528, 100H 2 E7-1%
FIFE—ETH Y, BHOMERKNZ &7 N5
AT HrEEHENLEEZLND, ZORKE LT,
BB RN N 5 5 0>, BRI ERITITh LT e
WHREMERN H D EE 2 DD, Tz, HEEHERT
L DOMENRZ = NEBE B TH-TH,

769

D= NEELCAHA 2 4 ) I LA R, WfEo =
D HITESTL T UH LT/ >TET, WERT—
EERo2 TN ZENRMBNTEY, HiErkd ik
EEAZ R R U TfER, MERERR —EIZR>TWnD
AREELEZ LN DM,

1 0.005
— REMER .
— RS ER
08 |- 0.004
B | — | B
o 06 L~ 0.003 g
5 5
kOA // —owz%
02 + 4 0.001
0 0
o o o o o o o o o o o
o o o o o o o o o o
~— o~N ™ < [Te] © ~ [ee) [=>] o
B

B $(E)
X 2 ¢ B R OHEE R R

4. Y2al—v3y

N AMEEOFIEZRIET D7D I 2 b—
varvEiTol, FEHOBET XM HHEE SN
a=1.13, B=33DUA TN AAENREL, HE
TR BB > TRAESE, BRESEDLT—
ZENF50E LT, #HEEIX, HRoLHEE, MRS
AHETE ., FRIERE G 212 AT D3TIEIC
Ko TITW, Mg T — Z $3sml 2 & ITHEE 21T -
7o XA ZHEEOFRIDA & L CTIERDAZRE L.
MBI E O Z 5 2 7=, #EEREREZK 3I1TRT,
ZOFER . T2 HMR20LU LTI EN TR OHEEE
WCEDREROBEWVIER O 2NEDD, ZRLELTO
T A THEE 24T 5 AT, FRIDMAH Y O
A RAHEEN L VHENS LVWMETHEE TE TV 5,

WIZ, FAMEROLEE R D720, R IT A —
ZIZDONWTRA AW EZ AT o T2, RN T A —2 %
EBGME L, ZOFEHEEZEOMED H+10%, +20%,
+30% & AL X, FOXEIZONTIHRE, 7277 L.,
ETOHEIZODWVWTRENRT A—H|ZOWTITIED
EZE5 2 ERSAE Lz, SRR EZX 41277,
AR = G/ ATRE R e b R 153 (T =l 13-
BT DN, BRI 10[BI DL T CHEE 21T 9 554
WITFRI A2 52 TE ) DL VNS LVWMEE HE
ETETWVD,

L WD ss ORI L CHakTr —#
DGO NIGE, BRI e EDMEl T D 38R
RICHET IMET — X 2SEICTHIENEZLN
5o FEIA & U CHEBEES OMET — 2 2 Hu,
T E DN ET — 2\ k> CHEIO MM A EIE
LTV ZETHEEDKHELZ EiFohnd, 2F0,
IR FR % T S 2 — a2 ss icB L Cix
T EEb L T2 _X—2{kTHZLicko
T, BB NEEL O IE R EMRTE2FHET 5



FP09

T LATREIC T D

o (@)

19 —— LT
18 — [ = NIBayes
1.7 —ah— Bayes

1.6

315

14

1.3
1.2
1.1
1.0

Proceedings of the 3rd Annual Meeting of Particle Accelerator Society of Japan
And the 31th Linear Accelerator Meeting in Japan (August 2-4, 2006, Sendai Japan)

0 10 20 30 40 50
Number of Data
(b)
440 |
- -RAHETE
420 @ —B - NIBayes
400 | —&—Bayes
Q380 r >
~
360
\’ ~’
340 | X 2N _é -
320
300
0 10 20 30 40 50
Number of Data
3:vIal—rvalfiR @R T A —

Z(D)RENT A =4

—— WIFMMEARAIHETE
—— RAXHE
— = — +10%

—e420%

10

20

30 40 50

Number of Data

Bl 4 : RN T A —F OFRITATRLFNE

BIXIIIT—ETHLZ EBbroT=, ZORERKRE L
T, WEHENEEH D Z L. ERNER2IIThN
TWhRWZ &, EEEBVRLEERRENEZD
nb,

R ZHEEDAIMEERAET D722, v =
L—ya Y EITo TR, T — #2000 FClEEFE
BTSSR E2 52 72" AHEENBE D THH 2 &M
bhotz, o, T—XEBRI0LLTOHAEICE, 4
ZNRDHDHELTHLEAERE G A 71T ) 2, BIEH
PEAOMED DL VNS LWMEEZHETE 52
Enbinotl,

AL TV ORISR OMERENE L NRWGEETH,
NA AHEEZ RO, BSOS ERT — 2 %
SE I LT BRMRIEZ D D EEROHEE N TZ D
ZLERLTWD, ZAUE, Mg sk TEH LT
WD ER BT 2 R R O 7 — & & Mol b U o
T5 2 LT, fEsxOEMBRIREL D O EFEROHEE
NTE, EHRSTFORER 2 RET HH 17T
(2725,

& XXk

[1] N.Kikuzawa, et al., Nucl. Instr. And Meth. A331 (1993)
276

[2] N. Kikuzawa, “JHFERL-FEL® 7= 8 Ol « 57— ¥
N—RA AT LDORHZE”, JAERI-Tech 2005-022, (2005)

[3] N. Kikuzawa, et al., Proc. of the 22nd Linear Accel.
Meeting in Japan (1997) 194-195

[4] AL, 7 EEETFEAM , AL3E(1982)

[6] EHASIT, FEHAN, 42, 5 (2004) 35.

[6] VEHMAEST i, #4EL, 54, 3 (2005) 308.

[71 R Development Core Team (2005). R: A language and
environment fo statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-
07-0, URL http://www.R-project.org

[8] Andrew D. Martin and and Kevin M. Quinn (2006).
MCMCpack: Markov chain Monte Carlo (MCMC)
Package. R package version 0.7-1.
http://mcmcpack.wustl.edu

5. F&H

0 BRER D B R RL > B BB R D HERE 24T - T2 R
BRI & L I BRI 525, 1000 i X7z

770



