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Development of Low-Cycle Fatigue Test Rig in Simulated PWR
Environments
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Abstract

For developing fatigue design curve of cast stainless steels that would be used in piping material of domestic nuclear

power plants, a low-cycle fatigue test rig was built. It is capable of performing tests in pressurized high temperature

water environment of PWR. Cylindrical specimens of CF8M were used for the strain-controlled environmental fatigue

tests. Fatigue life was measured in terms of the number of cycles with the variation of strain amplitude at 0.04%/s strain

rates. The disparity between target length and measured length of specimens was corrected by using finite element

method. The corrected test results showed similar fatigue life trend with another previous results.
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Fig. 3 Low-Cycle fatigue test rig in simulated
PWR environments
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Fig. 4 The load control program

Fig. 5 Photograph of low-cycle fatigue test rig

<D |
O"“‘

4“"

Pl & Wolxo

.

©F Speciman

Fig. 6 Diagram of low-cycle fatigue test specimen

s1Aga

Aeo] ALg¥ HFAHS ASTM E 606-92[7]
A AN AF7] AZAGNB FA we}
28 63 el AR wANAD A

i

19.05mm, A]# %

o] #rk o FH

Lo A &S 9.63mmo| 1, A]H
—1 Rk Al A e A

wWoks



2004

ool StAl AFEdch Al AEe dA 3

2] 1o 1A% WAl wjke] A w= *P
&% 1= CF8SMH(25wt% ferrite)& 21 € &} 91t}
32481 2 Wy

PWR @7dxzstelA 23S F38t7] 918k

g Hu Lx& 316T Hu)
teEe 15MPa, DO(dissolved oxygen)+i= Sppbi 4
skt 858 R=-12 A4 2 g}S:o] ghu
e Wy dgelr WEE F(strain
0.04%/s= 3}o] ] W3 E(strain amplitude) ko]
Al EAAE L 0.5%, 0.6%, 0.7% ¢ 5ol
dol 4e Fase

1ol vheRngi
control)e] H}H O =
Falzo] 7] @l x]-g].-?- 1

Aho] B4 (Nl o8

rate) &

33457 #7928 a5

7)) gz weh AT dAvZ A4
@ A3

0055
DR

= 3 2¢] ofskivk 19 7
Hoj A o] WstE 2% Axo
F718l5 Rl A gl 4
& & 7 8l(strain hardening)®] < &F
# ] ]‘ s

e
T

N o

o
o

r
bt
ol

L)

N

if

=l
il
)
A=Y

}m

e
o~ |
ol

-

golA W2 #F

Y% i

i

)
=

o lo % T

— =

e E i
o

=

>
o o -
o

rr hu

BN e

2 o ox

4 2y

1T
oo Wog

i

o

b l-N
= e

S

o
f

N
ot oft

ne my N
T

.6,

(V)]

;‘r_}

[+

“J
S
-
2
2
o

ox oF
)
2
5
:I-O:r

N r_lo
0

o
ko

re

i
@ oo

N
X
1o

"é‘ k)
5 8000cycleel] 4]
7] %
25

o E N
2o
—10
of
¥

o

-

o,
o o
o
it

lo
b

b

i
™

o
xC
2op
4o
ol
]

Juorx

2 0 lF

r‘
ox

2
e
re
)

)

~

>

O

=)

2 |o
1

o X2 ox 3@ N op s o |u
rlo
E
:‘2
4
o

P}'H

(o
N
X
|

o ot 22 o o fu £ ju N

f,
o

o :‘O
2
i
R

)
b K orlo af
=
Ho
o
178
oft [k L
j_gl'
N
s

ol S |m R
rr

oft nd
o
o

2

é_

o
==
LAY

‘

oo gy HUOR

|

E 1
I S
N Ty

_>|~1_',

~J
— -

=

I

A
Hom N S o
"2

o

ki Jo
‘.N
i
4
of
LA
~
N

9 oy o
1
ofj
2
°
2
r.or

2

off

offf no

re

o

o

off off 2
o

2
N
s

~d

nx old

od
o fo
of X

—*—‘m.-,-rl_mr_\rl._ll
N R oL

~

-

=2
il
nl

181

Table 1 Test condition
Load Ratio (R) -1 (tensile/compress)
Strain Rate 0.04%/s
Strain Amplitude (€, ) 0.5%, 0.6%, 0.7%
Temperature 316TC
Pressure 15MPa
DO (dissolved oxygen) Sppb

Table 2 Test results
Strain amplitude (%)
€, =05 e, =06 €,=07
Strain rate (%/s) 0.04 0.04 0.04
Frequency(Hz) 0.0143 0.0167 0.02
Fatigue life(cycles) 1146 3781 13951
2000
& Strain Amplitude
1800 —o— 0.7%
—a— 0.6%
= —o— 0.5%
2 1600
3
2
S 1400
€
<
o
S 1200
-
1000
800 . . . .
0 3000 6000 9000 12000 15000 18000
Fatigue Life (Cycles)
Fig. 7 Graph of load amplitude vs. fatigue life
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Fig. 8 Dimension of specimen

Target length (mm)
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Fig. 9 FEM result

< Correlation between target and measured length >
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Fig. 10 Relation of measure and target length

Table 3 The compensation results
Ay FA4Y | FEMoR nAy LR
1A 2] (mm) FEAA 2 ¥W2(mm)| Strain Amp.(g,)
0.1995 0.1581 0.0083
0.1320 0.0951 0.0050
0.1050 0.0705 0.0037
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