PNC TN9410 89-077

FBRK?

E R &N % BRI O RO RHE T 2k O BRat

P D 3%t

1989 £

S HIZ]

5 H

1354

BN - AR REREES
X WH L ZE & vy & —




BRI OBEBIDOAFIZONTIE, FTRICBEWEHhELIEIN,
T311-13  RER K IER R BEET A FH BT 4002
B UF - R B R E
KRBT FEELF— VAT LBFEHEELR ST EEE

Enquires about copyright and reproduction should be addressed to: Technology
Management Section O-arai Engineering Center, Power Reactor and Nuclear Fuel
Development Corporation 4002 Narita—cho, O-arai-machi, Higashi-Ibaraki,

Ibaraki—ken{ 311-13, Japan

B JF 2R R BA S E 3 (Power Reactor and Nuclear Fuel Development

Corporation)




PNC TN9410 89-077
1 9 8 9 % 5 A

FBRABEIFOREIERE ICRAYT 3%
BRI R E T 5 BRETS D O BT F ik o R
WEF—* DR

£ =

FBROBFMHEHEEOEEGALTMCH L THELERT 5, SO bBENMICESE
DEBREED, TABHARCREFAORL) > FEEFELL, ZhbOEZIER
L, #EBTCHTRIPE, £, BBERRLT vy EOEFABREDEVO LD, B
HEERET vy "BEOTETHEPELDZ b 55, COTETHCERELTH, BHEECH
FIGHBELS, ChoOMITIEN T 0T, EHlBRICERET 250 L1258,

FFFFEiE. FINAS (Finite Element Nonlinear ’Stt'uctural Analysis System)z Av 7z, L3R
BUHFICEET AENORBFHELRILLLOTHE, AAMBEERET 560 &,
THRFHEICERET A EMNBICEET 2 -0 0Fikke, BRI hELTEEDT
BRMEi T B FrEE R LA, EEL LTE, PIPE3E 72 3ELBOWERE AT 2 0B THh 5 &
&%%%Ltoit,WK%#@&E%%@%E%%%%%Lt%ﬁﬁﬂ%f&%:t%ﬁ%
L, , '

BLEEL 7 7 LY AP B 2 B HMAICEEY 5 /73, B0 < 10kgi/mm?E &
THEH, BHPPATE 7YV - 700 R@TrI L, TABHEMTCRRALY V7Dl

KT o8, DMTOBNERELEBZ L lEWEOBREBL,

*ORBTE L L5 -, BKIFRRES, 770 P LER
RIS CSK



PNC TN9410 89-077
May, 1 9 8 9

Study on the Main Design Parameters
‘ of Large Scale FBR Core Characteristics
Methods of Analysis and Evaluation of Fuel Cladding Stress due to Restriction of Bending

Seiichi Komoda* and Chikara Watanabe*

Abstract

The circumferential temperature distribution of the FBR fuel cladding displays a
considerable variation. This temperature distribution gives rise to the circumferential
variations of thermal strain ai the beginning of life (BOL) and swelling strain at the end
of life (EQL). These circumferential variations of the strains give rise to the bending
stress of the cladding. The dimensional interference beii,ween the fuel pin bundle and the
wrapper tube often occurs owing to the discrepancy of the radial expansion rates between
the bundle and the tube. This interference gives rise to the additional bending stress of
the cladding. These bending stresses are called the stress due to the restriction of bending
in the lump. | d

In this work, the methods of analysis and evaluation of the above-mentioned cladding
stress are studied using Finite Element Nonlinear Structural Analysis System(FINAS).
The methods are discussed in this report not only to evaluate the stress due to the
circumferential temperature variation and the stress due to the dimensional interference
respectively but also to evaluate these strésses together as the stress due to the restriction
of bending in the lump. It is found that the element “PIPE3” or “ELBOWG6R” is applicable
and that the time history of restriction condition and temperature distribution can be taken
into aceount.

In this work, the cladding stress due to the restriction of bending is r_oughly evaluated
for the reference core designed in the year 1986. It is found that the magnitude of stress
is about 10 kgf/mm® at BOL, decreases to the half at the middle of life owing to the
irradiation creep and increases to an certain value less than about 10 kgf/mm? at EOL

owing to the swelling. .

*Plant Engineering Office, Technology Development Division, O-arai Engineering Center
**CSK CO., LTD.
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#11% BEEEFAEHC BT ARERLBEOMTMSA (HAL:°C)

ki 5/C 410 S/C 411 S/IC 412 8/C 500 S/C 501
HL B (em)
0.0 360.62 360.62 360.62 360.63 360.63
5.0 360.95 361.02 360.96 360.88 360.88
10.0 .361.31 361.44 361.31 361.22 361.22
15.0 361.77 361.98 361.77 361.72 361.72
20.0 362.62 362.82 362.62 362.26 362.26
25.0 363.45 363.59 363.47 362.94 362.99
30.0 364.98 365.12 365.02 364.61 364.64
35.0 368.20 367.78 368.21 366.77 366.77
40.0 380.16 378.97 380.13 376.91 3'76.93
45.0 390.73 389.69 390.76 - 387.52 387.62
50.0 402.22 400.08 402.19 394.71 - 394.78
55.0 413.76 414.30 413.60 404.13 404.26
60.0 422.01 427.27 422,01 413.71 414.22
65.0 429,37 437.19 429.40 423.39 423.53
70.0 447.06 453.15 446.83 432,18 432.19
75.0 460.00 466.95 459.86 443.17 443.85
80.0 462,75 472.34 462.83 452.02 452.31
85.0 481.20 483.07 481.10 459,78 459.82
90.0 498.10 499.45 498.01 470.31 470,77
95.0 498.90 504.39 498.99 478,55 478.90
100.0 507.99 509.30 508.06 483.62 483.49
105.0 522.69 526.08 522.70 494.23 494.28
110.0 524.03 531.54 524.01 499.59 499,78
115.0 519.78 - 531.37 519.73 502.63 501.97
120.0 531.92 541.57 532.00 508.23 507.75
125.0 529.72 536,84 529.69 503.02 502.83
130.0 518.18 528.89 5117.87 502.23 501.21
135.0 522.23 528.54 522.29 504.15 503.17
140.0 528.75 535.79 528.83 508.03 507.32
145.0 522.19 530.02 521.75 507.46 506.12
150.0 521.93 525.98 521.64 507.93 506.47
155.0 527.41 534.28 H27.43 511.90 510.91
160.0 525.97 531.61 526.67 | 511.36 510.16
165.0 520.41 525.32 519.83 509.71 508.28
170.0 524.68 530.68 524.65 512.89 511.85
175.0 526.93 531.47 - 526.66 513.21 512.21
180.0 520.87 526.32 520.18 512.36 511.08
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6755 | /& /@ | —/950/ — | —/0.865/ — | 1544.0 P
7720 | & /% /% | 950/ — / — | 0.865/ —/ — | 1640.5 P
_. _ _ B 1679.1 P
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(kg/mm?) | (°) | (kgmm® | (°) |&kg/mm? ] (°) |Gg/mm®) | (°)
i) 10.9 97.6 ‘ -184 | 1425} 18.1 97.5 -28.5 172.5
&262.5] - &217.5 &262.5 &187.5
BB & o HA 0.13 142.5 | -0.08 97.5 0,01 7.5 -0.01 172.5
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(r — A9) &217.5 &262.5 &217.5 &307.5
gtk | 205 | 1425 | <114 | 975 | 46 | 1725 -32 | 525
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%, %, BDIE+4H/E2wvwo ¢, BDIcRETAGHEERTE S,

(I B3 AH BB 4 20 43 8 4+ e 1Y BE44 =R
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