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Abstract

The number of aged nuclear power plants will increase in the future, because operation periods of the
existing nuclear power plants are being extended from thirty years of initial supposition to sixty years at
the longest. Therefore, it is important to establish the methodology to guarantee integrity of the aged
nuclear power plants. Among the reported damages of nuclear power plant components due to the fatigue
during long terms, many cases are considered to be related to their thermal-hydraulic behaviors during
operation. Thus, quantitative understanding of thermal-hydraulic behaviors in the nuclear power plants
is important to estimate many kinds of aging processes accurately.

The research project, "study on relationship between nuclear power plant aging and its
thermal-hydraulic behaviors", was conducted from 2001 to 2004 in order to clarify effects of thermal-
hydraulic behaviors in the nuclear power plants on structural materials during aging processes. In this
project, flow induced vibration of an array of circular cylinders was investigated experimentally and
numerically. Rotating bending fatigue tests were also performed for the austenitic stainless steel
SUS316L (JIS G4304) and Ni-Cr-Fe alloy NCF690 (JIS G4904, INCONEL alloy 690 equivalent material)
in order to examine the fatigue strength in the ultra high cycle fatigue region, namely 107-10° cycles, and
the notch effects.
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It was found that the reduced flow velocity at which the flow induced vibration of a single rod occurs in
transverse direction decreases with the increase of the blockage ratio. When plural rods are inserted in
the channel, the pitch has an effect on the behavior of the vibrating rods and its influence becomes
remarkable as the blockage ratio decreases. As for fatigue test results in the ultra high cycle fatigue
region, it turned out that the fatigue limit of SUS316L is 279 MPa and that of NCF690 ranges from 320

to 400 MPa.
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3. 2”7, £, SUS3I6L AR ok & ED
BRMIL, EAEREFHEMBSE (SEM) #HWTHEZEL
oo FOREHFE LT, £—3. 5D E No. S-B-8
(m%)tﬁﬂmsc7( ¢ =3) OYIXREEDOER
MEBERE—3. 1IZ7T, MFPFOAWHESIEEIXR X
EORREBIBICL VB LI-boTHY, AL
BOBERNY R ZRITHY T 5 2,
Rbnzun,

FrIC R 7R

15

#BF No. S-C-7  (K:=3)

SUS316L BRI Kk & 3B o W) K X JEOHAH (AR A1)

AN SEEIL N

57 W R B
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3. 2. 2 HEBREE
W RBRIT, TE - 3.2 18T BERMEENKRKED
ANBP [l O ST B HT BlE 2 B Vw2, R
AR TR I 4 Sl TR E 2N 2 e 28 B (Al &
W, TR TS L BB OB IR 2Rk B E T
D, RRBEEO 2L, LTOBEY Th s,
smAMIFE—2>F 100N'm

5 NI EIL 25T Y5y 3,400rpm ({1 —4)
g = — & =*H. 200V, 400W
RIR~HE & 1, 600 X BL4T 500
X & & 1,000 (mm)
3. 2. 3 HEBRE#H

SUS316L oSG2 %K — 3. 312, NCF690 @
REME 2R — 3. 41277, AR T, RKE#HR
B 3,400rpm DRESEF T H A, B O L2 E N
ZZ[E LT, 3,000rpm (50Hz) LA T o lal#xiE fE <
REBEEITo7, £, ABRIX. BERAKKF TITO.
BAE#R UEkix, ~10° [\l(eycles) & L7z, 7o, &
OIS IEEIL, UIREEOERICESHNTHEMB L
o AFRT IS /1 iETE €& 5, SUS316L & O NCF690

DORBROIGNIREILZ, FRFNFE— 3. 5 RPE—
3. B6IlTRT,

3. 3 HBRESR

3. 3. 1 SUS316L matEa#sE 1919

HRBREREZE - 3.5 KOK— 3. 37, K
T, @HNTERHABRA . AMITIS HETRE K=2
ORBRA., OMIT K=30RBRAFOEBETHD, &
Bt BT, S E TR OB E & b IS IR A

BWFT2ZLaR7 LT3, FiBRBRA TIX, HF
FREE 279MPa DG bz, 7o, I NWEFTIRE: K=
2R K=3DRBRT—XiL, L+ ELATY
RV, Ki=2 TI3#) 260~280MPa O #ifl T, K=
313H 160~200MPa O#ifH THEFRENH LN D
LEZND,

W2, mo~/7 v BEREYEHE—-3.3~3.5IC
R, FIERER A OB E LR 0 EATE Sy T
b D, IEIERENRKEWEETE, M LR
emEmAEEL TR, SANRKBRAEED S LEN
AEICERL, thiFmEIC L v eI L
DEEBEZLND, RIKUIKREHBA (K:=3) OH
FEET L RBAEmEALEH (MM 7en
W) DNEERL., RBICEIITEN - Tz il
i Wi EN A ) P 15 0 TR O el ol S N 1 i Y SR 5
FO(PRE o MM SY) 2R L TWD, IS iEE:
o, MINSLK R RBREFICEIVAELEEEXLND
ERTREIENSFLICHEITTELERELTWS,

3. 3. 2 NCF690 OAER#ER

HBREREZE 3.6 KOK— 3. 412737, 272
L. J&J14ENE 497 MPa ORBRIx, BE FFIc L 5
BRAOERTEIL LD KM— 3. 41280 THRER
fERE (@) TRARLE, BREYA 7 LHEBTOT
— AR RELTNDEDT, WHBEILEZME T
TW2RW, L2, JS/1RNE 398 MPa BL Lo & &
MR U ER 1.1x108 [B 2L T CRBR A A EWT L. IS
RIE 318 MPa @ & & #uk L% 109 B2 L THR
BRADSEWT L 722 v o722 & v 5, NCF690 D 95 [R
FElX. 9 8320~400 MPa O#iPHICINE D & & 2 b1
. %L, EHRBREMEL TITW., T —FEI

#—3.3 SUS316L OB
e ma HERRE & AEFFHRE PR EEEF BiZ#R L#
Eit%ﬁumg
(rpm) K, ©  (mm) (cycles)
1,000 1 (EE=ERR)
EiR 2 2 0.74 ~10°
3,000 3 0.27

#F— 3.4 NCF690 o5t

o | HBEE | BREELH
ABRRE (rpm) (cycles)
=8 600~2, 400 ~10°
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g RN SRS 5% 28 CERR 17T ) Be
#— 3.5 SUS316L OBk
. - HEREE _ .
A F S HEFFHRE fc%?;ﬂl_ It AR RHFm (HETFa) fBE
K, D (mm) o, (MPa) N; (cycles)
S-A-1 1 8 318 13,700
S-A-2 1 8 298 35, 700
S-A-3 1 8 279 2,523,100
S-A-4 1 8 279 > 1,000, 000, 000 i
S-A-5 1 8 259 > 1,000, 000, 000 o
S-A-6 1 8 219 > 1,000, 000, 000 o
S-B-1 2 8 328 32,900
S-B-2 2 8 308 75, 600
S-B-3 2 8 318 127, 700
S-B-4 2 8 298 150, 900
S-B-5 2 8 279 273, 000
S-B-6 2 8 239 > 313,487, 600 i
S-B-7 2 8 259 > 1,005, 240, 000 i
S-B-8 2 8 249 > 1,007, 080, 000 i
S-C-1 3 8 308 13,100
S-C-2 3 8 279 75, 900
S-C-3 3 8 259 144, 900
S—C-4 3 8 219 232,600
S—C-5 3 8 239 274, 400
S—C-6 3 8 199 963, 500
S—C-7 3 8 179 203, 004, 700
360 TTTTIT I
® Kt =1
A Kt =2
320 B O : Kt =3
S “AL
% .
\é 280 = ®
\‘|\:|
g 20| o JSH
1 N
R SIS
2 200 Il
160 | | | IT
10° 10* 10° 10° 10’ 10® 10°
JRHFan, N, (cycles)

M—3.3

SUS316L @ &5t 5

ERcay

17
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Bk No.S-A-1 2Bk No.S-A-2
(0 2=318MPa, Nr=13,700cycles) (0 2=298MPa, Nr=35,700cycles)

A E No.S-A-3 #A# No.S-B-1
(0 2=279MPa, Nr=2,523,100cycles) (0 2=328MPa, Nr=32,900cycles)

ok No.S-B-2 # £l No.S-B-3
(0 2=308MPa, Nr=75,600cycles) (0 2=318MPa, Nr=127,700cycles)

HE— 3.3 SUS316L O#m (1)

(130)



W LB ZeMTEprms 5% H2s CEMRI1THE) REwE

# £} No.S-B-4 # £l No.S-B-5
(0 .=298MPa, Nr=150,900cycles) (0 .=279MPa, Nr=273,000cycles)

#E No.S-C-1 A E No.S-C-2
(0 2=308MPa, Nr=13,100cycles) (0 2=279MPa, Nr=75,900cycles)

# B No.S-C-3 Uk No.S-C-4
(0 2=259MPa, Nr=144,900cycles) (02=219MPa, Nr=232,600cycles)

HE— 3.4 SUS316L Ofm ()

19
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#A ¥l No.S-C-5 ¥l No.S-C-6
(0 2=239MPa, Nr=274,400cycles) (0 2=199MPa, Nr=963,500cycles)

# ¥} No.S-C-7
(0 2=179MPa, N;=203,004,700cycles)

HFH—3.5 SUS316L OfFmm (1)

#£—3.6 NCF690 @bt

#H# IEHhERFZRYE | SREEE ik = I Fan (ETFa) S

No. K, D (mm) o, (MPa) N, (cycles)

[-A-1 1 8 497 2,300 BELRICKESEL
[-A-2 1 8 4717 46, 300

[-A-3 1 8 458 92,900

[-A-4 1 8 418 173, 400

-A-5 1 8 398 1,119,100

I-A-6 1 8 358 > 69, 000, 000 o i

I-A-7 1 8 318 > 1,000, 000, 000 o

(132)




M LEAZ e Eprdsy H5% W25 CERITHE) wams 21

540

500 @)

460 | Ng

oa (MPa)
o/
/

420

&,

AN

380 N

Pkl

340 |

300 . . . .
10° 10* 10° 10° 10’ 108 10°

JEHFEMm, Ne (cycles)

X— 3.4 NCF690 Bk 5

#E No.I-A-2 #E No.I-A-3
(0 2=477TMPa, Nr=46,300cycles) (0 2=458MPa, Nr=92,900cycles)

B No.I-A-4 Bl No.I-A-5
(0 2=418MPa, Nr=173,400cycles) (0 2=398MPa, Nr=1,119,100cycles)

BH—3.6 NCF690 Ok
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HTETETHD,

WO~/ EE2EE— 3. 61257, &
TORBA TEENS ORI EHNHEL CHEEL
TW5, ., 3B No. I-A-1 13, BREBANLER LT
Bk L7 O o GBI 2,

3. 4 3EDODFELED

—WEEIT, AR A VST E A 2 Vg, B
A 7T ORI, AR LEcERER 10°
BILLF, 10°~107 [\, 10"m ETHD 20, BEyA 7
JVIE TR E R PRI R T UIR & W R OB AL R
BT, ANBRESEh T TR E H W T, A— 2
TFA FRAT LA JIS SUS316L O FiEaki i
L 2R OBRINGI R X HER N S DETREC Ki=2 K&
W3), BOA > ax/b 690 F1%4 4 JIS NCF690 -
BREBR I oW Clalimdh P B & 1T - 72,
ZOFEE, SUS316L (2> Wi, s hETRED
WRICONTESBENME T+ 2@8A8 50, Fig
B ¥ T BREE 279MPa 2345 &4 7-, NCF690 120
WTiE, TR ARRLTWADOT, FHBEIZER
e B TE TWRW, EIERBR A ORI R, K 320
~400MPa O#PHICINED &2 BND,

4. HENE

AAFFEL, FRL 13 FEEA S 3FRM, B
WHIE TR 7 Z o MR O @ iR AE AL & AR B 25 )
BT 2H%E] L LTEMBLIZbDOTH D, AW
T ULt P B S O 3 ) IR B 56 B & FEBRAG IS &
W25 LT, BT NTT s MEEM RO B &Y A
I NAEGTRRT — 2 2 WAF Lz, LU, WIS
BEOWA - A1 E AT I3 EMEAIC b ERIIIC D
FERFEREBIRET DL TES, BFROURSE
WRVFEREZN LSE2 L5 %OBRELE L
TERENT, 2B, BEYA 7 VESRRIIS®R D
Mkfe L I TTRRT — 2 2L TO FETH D,

#t 2
KRR F NI E B OFEICHES . CHEEE
BRFDIDRBRINREBICIVERS N LD TH D,
25 Xk
1) TRFAOF~T) mEEZEER. TRFIOT

T, p. 171, http://www.genshiryoku
-subete.jp/book/5syou.pdf, (2003)
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2) BT R LX—T,
B72& %051 (1996)
3) BRT X — 7, [BEFEEIMERREEN2 5
HAR R A RBRAERERLRICOVNT)  (1991)
4) FREEN 104, TTHALW] 7 FU U AR
ZWERICE T 5 HmE ). JRT 718, 39-9

(1997) . pp.704-732

5) R . b7 AR R B A B A 2 E
FERE DS OO FRIEIZSWT ), BARR T
FEKDOKRE Bty a v, (1999)

6) AARFTHZE TRTFETT v NORFEEl
EEVE ), (1999—3)

7) BARBEB S, TECE N M AEREEY O S iE
FFE s £, JSME S 012 (1998)

8) ATH, fadk, &, NEENICHAIhME
FIOWIEE . ARFEANFRBEOFES,
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9) A, ik, ZE, NEENICHASh Mg
IO IR (Bidk) ). B ARE TP FOE
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10) AFH., fEK, L, TREHNICHEA S L-M
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