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~ Evaluation of in-reactor deformation behaviors of FBR duct tube
due to coolant pressure

Seiichi Komoda*, Toshio Wakabayashi* and Yoshioki Yamashita*

Abstract }
One of the aims of this work is to justify the conventional simple evaluation

method on the magnitude of the bulging deformation due to bending . stresses‘:'"

resulting from coolant pressure in the duct tube of FBR fuel assemblies. The second

aim is to confirm that the creep deformation due to membrance stresses resultlng' o
from coolant pressure may be ignored in order to evaluate the maximum ﬂat-to flat o

distance of the duct. The other aim is to investigate an effect of stresses resultmg‘
from a temperature difference across the duct wall on bulging deformation behaviors.

The magnitude of the bulging deformation is evaluated by using the conventional

simple evaluation method. In addition, the in-reactor deformation behaviors
including the bulgmg deformation are analyzed by using the general purpose Finite
Element Non-linear Structural Analysis System (FINAS). The main conditions of the
evaluation and analysis are as follows. -
® Duct material ; an advanced austenitic steel (PNC1520),
® As-fabricated duct thickness ; 4.3 mm,
@ Pressure difference across the duct wall ; 2kg/cm?,
@ Fast neutron fluence ; 2.72X 102 n/em?
The main conclusions drawn in this study are as follows. |
(1) The conventional simple evaluation method is conservative, since the magnitude
of the bulging deformation at the end of irradiation evaluated by the method was

about 15 % greater than that by FINAS under the condition that the temperature v

distribution along the tube wall was flat. |

(2) The increase of the maximum flat-to-flat distance of the duct caused by the creep
deformation due to the membrance stresses may be ignored, since the rate of
increase was evaluated by FINAS to be very small (0.03 %) at the end of
irradiation. | g

(3) Even if the magmtude of the bulging deformation may increase by the stresses g
resulting from the temperature difference across the duct wall, the rate of
increase is less than about 20 % at the end of irradiation under the condxtlon
that the temperature difference is 50 °C. |

*Plant Engineering Office, Technology Development Division, Oarai Engineering Center
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Ao = 55867/ (T +273.15)~20.63, A= -71174/('1‘.4-273.‘15),
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W, &ETES) GefhA% 2 kglem®D & — X CORBEEM BT B 5 9 BN T IR .

FRATHE AT 2T ¢ &L (g + Vimax) X 2= (2.892240.456) X 2=6.70 mmC & %
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a\YMﬁ@KHT%ﬁ%%%H%%@#B@XDMWUk%(&ofﬁb%ﬁu%ﬂﬁ
ERLAL) I, WRONEELAECORFHLEOENKREVC LLELHD B, ), &
@tbﬂwvyﬁﬁﬁk§<&attﬁbﬂ60

4 BHI/7)V-TROZAZ) V7 EKELEZVWEREANTREVD T, PHEEOET D
nwv>¢ﬁ$MK§%waam%ﬁ#%woLtﬂar\ﬁﬁﬁﬁﬁuﬁﬂ?amﬁ%
&uwor,ﬂwvyyﬁb$Mﬁit5kLT%,%@ﬁ%%um%ﬁﬁ*ﬁfﬁéa:



PNC TN9410 91-094

BS5E ¥ B

B2 EFBRREFB IR O &M (7 v 7AEHH RS — 27 F 1} PNC1520, F
Nﬁmqmammxmamamm,ﬂﬁ%ﬁ:wwﬂ\Eﬁ#ﬂ%%%ﬁnmmdﬂmmﬂ
ﬁwﬂﬁﬁﬂmmﬁ,mﬁﬁﬁ:mwmuﬁor\57N§®vay7ﬁmﬂM%\ﬁ%#
BB & CTINASE IV TR RHT L2 s . DT ORI 08 & 1,

1) EHEMO LYY EOMBEEE. Ty S EORERERESELEE L R

BCORIMEL DB I5K X <, MBEEFESREEN S S, o o

@ MBHEFETH. THRAEFELERLRESAD0T, BHE- FORATHER
FRCTHDN, FEERL ENH L THTIBNNKREL RN, 7Y~ TEMKE 2D
L) RS- T, RFMAIFERE LTV D, -

3) WHERHICRET 27009 Y F RBFER0024mmE M E <, MHFEBEEICBVT,
wm%%uﬂwfzﬂwvy?ﬁ%%mt&:ém%%fé%o |

@) BIEHCE B Y ) — TEWIRE T 5 6 E R0 B R T0.03% L S L IS
2k By Y - TEBCRET 5 HENEMIER L TRV,

(5) EHBEEGOOKLAEDYERLASHE, BERBO LYY S RGHMT 5 T
R bOD, TOHMEL20BRETH S, | |

- 13-



PNC TN9410 91-094

B &

FINAS# AV 2: AT O JBEIC & 722 > ChE, (H) OSK BATE R Jllb—RE. 5 00%) 7

A .'1;;.1» ﬁm%mm:%ﬁ& SO ETEE E L, S IEC EHOERELTT,

(1

2

)

(4)
(5)

(6)

ZE Xk

PNC SN9410 90-051, “ Eﬁmﬁ't}fﬁiﬁz%iﬁﬁﬁaﬁﬂ =27 F 4 b BWPNC1620)51 B 54 B
BHERWEM), (19904 44). |

PNC SN 9410 90180, “F-f 24 & FBRkﬂfﬁ?&%ﬁﬁ%-eoﬁkWeﬁ?? > k-7, (1990
£ 12A).

PNC N9520 89019, “¥lL/A 3k i # 47 >~ 2 7 AFINAS, VERSION 11.0, f& A 5 9
&7, (19894 118).

Miki, K. : J. Nucl. Sci. Technol. 14, 791 (1977).

Sawai, S., et al. : “Status Review of FBR Fuel Development in Japan”, Proc. International
Conference on Reliable Fuels for Liquid Metal Reactors, Tucsen, Arizona (1986).

PNC SN 9410 90180, “% MM AR PR EHI% ~ A BRI RE T 2 FRRRSHEL
IO EFE", (19904 6A). o

T U




PNC TN9410 91-094

%

3 X

uy =0 I: }

W21 Ty NE(AEFINOEFEA v v S8l L HREE

— 15 —




PNC TN9410 91-094

y
@)
y T
() ae s e d < X
A Uy '\_4] (r)
(I &R )
X
(4)
ZJ (37— )
o
i}
@ VAV |

Vmax

=Uxg —Ux]

..................................

:.',.'..'_.f:.t.t..'..i.f;ﬁ.@iﬁ
O | i
y
(8)
-lnnélil1< :l' x
Ux2 (r) |

(HP R EE)

B220 BH-EHEEEN AR S L, VY Y S REE AR

~ 16 -




PNC TN9410 91-094

3.1k MSEHMHER (HEHMES : 2kg/em?

4568 (15 A)i% -

912E (30 A )ik

1368 (457 )ik

170 7B Ve (mm) 0.035 0.156 0.521
IS oo (kg/mm?) 3.46 — 3.46
A2 ) — 7 E e (%) 0.085 0.156 0.521
B4 ) — 7E e (%) 0.034 0.154 0.518
By —7F ey, (%) 0.001 0.002  0.003
AL I e @ |  0.095 0.634 2950
(a/em?) 1.81X10% | 2.72X10% |

e TR R

9.06 X 102

3.2k MSEEMBER (FEMESD 3 kg/em?)

4568 (157 A

9128 (30% A)%

1368H (45 Ak

PRI DT S (mm) 0.057 0.249 0.805
HEI5T) 0eq (kg/mm?) 5.18 — 5.18
B2 )~ TE e (%) 0.057 0.249 0.805
WaHE Y ) — T e (%) 0.055 0.245 0.799
o) = TE e %) 0.002 10.004 0.006

$3.3% WSHMEE (GEMESN : 4kgmd

456H (152 A&k

9128 (30 Ak

1368H (457 A )tk

NN 7B Vaax (mm) 0.081 0.346 1.098
14557 0eq (kg/mm®) 6.91 — 6.91
FR 2 )~ 7E e (%) 0.081 0.347 1.099
WA ) = TE g @ | 0078 10340 11.089
(%) 0.007 0.010

§k7 j - 7%‘? Eth

- 0.003
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aet
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BA1E WEFBRESHTTHAERCOFINASK & 5 ERMFER

878

097

4 2kglem? | EH S 3vkg/cm2 FE 7 %4 : 4 kg/em?
15 | 30 | 45 | 15 | 30 | 45 | 15 | 30 1 45
AR | 2R | 2R #AB | 2A | #A |28 |28 | %A
AY IRV A _ ) o } S
(mm) | .047 |.138 | .456 |.072 |.213 | .695 | .099 |.290 | .938
& (-) ‘1.34 0.88 10.88]1.26|0.86 | 0.86 1.22 0.84 1 0.85
RLY Yo & GREETRS ] ‘ N
2R 2 B)* (mm) |.023 | .114 | .432].036 | .177 | .659 | .051 | .242 | .890 |
& (-)10.66|0.73 0.8310.6310.71|0.82]0.63 | 0.70 | 0.81
Vi B8 B R (PR HI) - ‘ : ' N
Lk (kg/mm? }3.0213.08 | 3.14 | 4.51 4.60 4.7115.98 | 6.13 [ 6.28
& (-)10.8710.890.91 ‘0‘.87 0.8910.9110.87]0.89]0.91
I —F R R(HIE) , o :
MG * (kg/mm?) | 3.63 | 3.72 ‘3.78 542 15.665.6717.19|7.401.7.55
& (-) 11.051.08 {1.09|1.05]1.07|1.09 1.04 | 1.07 | 1.09
¥y BB B A (P ) ‘ »
Y L) — TE# (%) |.024 | .114 | .425{.039 | .177 | .649 | .054 | .244 |
& (-)}0.69{0.73(0.8210.68]0.71 | 0.81 0.67: 0.70;0.80
1 — F A (A ) | ‘
HHY ) — TE* %) |.030|.140 | .518|.048 | .218 | .791 1.067 | .300{1.07|
& () ]0.860.90|0.990.84|0.88 | 0.98 | 0.83 | 0.86
3 B8 44 T | |
) (kg/mm?) | 2.00 | 2.02 | 2.04 1 2.99 | 3.03 | 3.05 | 3.98 | 4.04 | 4.07
01— F EAVE : :
Y (kg/mm?) | 2.14 | 2.17 | 2.17 | 3.21 | 3.24 | 3.26 | 4.27 | 4.32 | 4.34 |
ST B R T
WYy —TE (%) {.014 {.072 |.273 {.023 | .112 | .416 | .032 | .154 | .563 |
2=+ AV E | | I
Yy -TE (%) | .016 | .077].292}.025|.121 | .446}.035 | .166|.603|

HRRY SR ORI DV T, MBEEARCHT 2B TRIGRLA,
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a2k BRHEMICB D METOBSEEN ERATER  GEMED 2 kg/em?)

EMIBES A R
T 1B IR E 5 A S ¥
AxY VS Az vy
Y- s RSN Y- 7 RE SN
| 1 475°C :425°C
T8 ATH ‘ '
&AL E*1 | —4iTE*2 | N Sl A E el
& HVTHI* | AL *2 | & AV TE*1 | — AL TEI*2
5 11 73 425 | 6.6 | 3.40 | 3.0 | 9.02 | 123
(kg/mm?) ‘
235 0.38 ~3.217
177 TS o | 0021 | 0.033 | 0016 | 0.017 | 0.040 | 0.056
~0.012 | —0.001 ~0.016
BAEs - 7E " 0.376 | 0.602 | 0.305 | 0.396 | 0.561 | 0.938
~0.226 ~0.091 ~0.377
ME o | 0829 | 0 0.826 | 0.095 | 0.826 | 0.095
0.829 0.731 0.731
AxN Y TE o | 2% 0 295 | 026 | 263 | —0.31
2.95 2.69 2.94
ERaRE S o | 417 | 083 | 400 | 076 | 405 | 077
3.54 3.33 3.28

FEL*1) LERICAETOME. TERICHE TOELTTIEEERT S,
*9) NETOMEA,LNFETOBESVABERT L EERT 5,

B 20 ——
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(kg/mm?) (%)
6 : : 0.5 ——y
- y : " BE) PMIETE ;0.83%
4 9-,_‘- - 0.4 = AL Y SE2.95%
®.", - L -
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