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Experimental Study on Properties of High Cycle Thermal Fatigue (3)
— Results of sinusoidal temperature fluctuation test at 20 second cycle —

S.Hasebe*, S.Kobayashi*, H. Tanaka**, K.Ibaraki**, H. Fukasaku***

Abstract

In a nuclear power plant, it is necessary to be attentive to fatigue fractﬁre of the
structural material caused by cyclic thermal stress due to the mixing of temperature
different fluids. The purpose of this study is to obtain data to demonstrate high cycle
thermal fatigue evaluation methods by applying the effects of the frequency of
temperature fluctuation. A sinusoidal temperature fluctuation test of with a 20 second
period was conducted using high cycle fatigue test equipment (SPECTRA). A SUS304
steel pipe was used as the test sample, at an average sodium temperature of 425°C,
fluctuation amplitude of 200°C and a sodium flow rate of 300 &/min in the test pipe.

The results obtained are as follows:

(1) Valid strength data to verify evaluation methods could be obtained by applying a 20
second cycle temperature fluctuation to the test sample with SPECTRA. A Crack
penetrated at about 157,150 cycles. _

{2) Numerous cracks in an axial direction were observed on the inner surface of the test
sample in the upper flow area. An air fatigue test demonstrated the difference in the
strength of the test sample between axial direction and circumferential direction,
revealing that cracks were distributed in an axial direction since anisotropic
influences easily appear on the high cycle side.

(3)An approximated curve obtained by the common relation of
crack and axial direction distance indicates that the boundary of a crack would be

located about 430 mm downstream from the tapered end of the test sample with the

upper flow. ‘

(4) Crack occurring on the inner surface progressed to a depth of 1 to 2 mm in the

crystal grain, then progressed along the crystal grain boundary. Striations were
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formed on areas of the fracture surface in the grain, but were not found on the
fracture surface of the grain boundary.

Sinusoidal temperature fluctuation tests at the periods of 2, 5, 10, and 40 seconds are

planned to confirm the influence of fluctuation frequency responsiveness on structural

material crack initiation and propagation behavior.

* New Technology Development Group, Advanced Technology Division, OEC
** Joyo Industry Co. Ltd.
***Tohko Machine Industry Co.
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XU UTTARAET 4 w7 IXVORMBELZFHAIL T, BEADRELTHNREEL




JNC TIN9400 2004-034

THEEEY SR L TRV HEE LT,

2.2.3 FHEERERR

REA A 129000 A J A THE L TR TR ERLIZE ZA . RABRELIXFL U TT o
T &R FORMIZER SN otz RBREER L T 29,545 31 7 /L (£~ 158,545
PA 7)) OBEEEEXRBREOR T Tk, KRB/ mICERN - HiE & RHITZAR
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BT EBRohot,
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3. MRiFBRE

3.1 REKFIE

BERERTRIZEE»OGABRFZREL. FLENa 27 a—AEBICTRELE
%, RBREZ O L TREREL 1T 7. MEEREL. SEHRERRZBETIRER
FERERBR, TROSMEEILEET S XA, 2HOWEELRET I &BM
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3.1.1 REZEFEERER

RBRAEOAREIIRE L ERHIMEBET 520, RBRIEEZEFM 0—180° T 2
FEILI-RICRGEREFERER (PT) & JIS Z2343 LML TEBELE, PTHE
THRIEZEGMCE ST, EEEHIB XU BARBEOXN REF 28FE L.

3.1.2 EZAE

BREOAMICRAE LR HEMICIEE L., ToBEEHRET 22 L &AM,
PT TR LAZZHEUER T U A0 A5 THRE L7z, FEIE, 0 200mm O
TH AT 2SI 100mm MECTBEI S 2R LBE L, BRENTOMEZHE
THED. 3.1 DL ICHREAGREKEIZ LI ES LA~ 33.6° B S S8
AT TIRE L, BONAETHEER Lo & RERERT, BRLEY 7 FTERICR-
EEBOERERT — 8 & LTHRAR T, TOFMELTERT —# 1%, RSEY 7 b
TEROEAS LRRENEOMBIZAT 2MELIT o7, #HE LI *HOEFET —# 1L,
FNThEBRERDYC1IERCREA LTEREZERL, SBOES, & FAeR
Bz, ‘

THFEO & RES ZR~D7D, 258 LRBRED 270° AR L TT—/0—
Ui & RBREOERFEEL LT, #5MIC 10mm MRTYAY— v FEAWTER
B10 RICEIT L7e, BT S NEERBOBEZ 7 VS 10 A 7 TRE L, BiR7—5 %
WF Lz, RBAWEmOEEERICOVWTHEAMHE L CERHOBEET — 7 2157z, B
EOEHF—FH oL, FHEOXBOREMBEE LEOES 2RO,

3.1.3 &RiREE

BIRFIC L VR LBV EL ST =R REOEBA V=X L 2HLMNITEI LR
AEY& LT, SHHB CELEREOHF— 2 bBEERLBR L, REEHES IO
FHERETEAME? AV CERBHEBRELTo7, XEERERSE, I 7 oafe &
KERBBEWRE TS0, *FWHELETIREEWEL, TAEKR (1 W8E: 3
HBEE . 24K THSOPRM=—yF I LT-tk, T4 WMo RERMEL AW TE
& 25,100, 500 (ECTEERY L, EENETEMEBL T, PR L S RERE
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ErTETHEDIC, RBRENOERLA-SEH2BHNICEKL. 7T BT F
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