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Visual Observations of Fatigue Crack Propagation of a Low Alloy Steel in

High Temperature Pressurized Water

Synopsis :

Norio NAGATA and Yasuyuki KATADA

Visual observations of fatigue crack propagation of a low alloy steel in an autoclave filled with pressu-
rized water at high temperatures simulating a boiling water reactor environment were conducted. The
observation system consisted of a distant focusing relay lens, a camera and a picture control device. A sap-
phire single crystal rod was employed as solid light path in high temperature water in order to reduce the
image distortion due to convection. Observations were carried out at temperatures ranging from room
temperature to 288°C. The total resolution power of the observation system decreased with increasing
temperature but satisfied a requirement of ASTM standard even at temperature of 288°C.

Crack growth curves were successfully obtained from the successive pictures and compared with those
obtained by a compliance method using LVDT for the same specimen. A good coincidence was obtained be-

tween both measurements.

Key words: fatigue; corrosion fatigue; crack propagation; measurement; optical measurement; low alloy
steel ; pressure vessel steel ; high temperature water ; boiling water reactor.
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Table 1. Test conditions and water chemistry
specifications.
Material JIS SQV2A (ASTM A533B Cl. 1)
Specimen Compact tension
Stress ratio 0.1
Frequency 0.0167 Hz
Wave form . Sinusoidal
Control mode Load
Temperature R. T, 100, 175, 200, 250, 288°C
Pressure 7.8MPa.

Water chemistry
DO 0.1+0.005 ppm
pH 6.410.1

Cond. <0.2uS/cm

Cl <0.1 ppm

Photo. 1.
tem and the corrosion fatigue testing apparatus.

A general view of the observation sys-

r -3
Fatigue
lon exchanger taad water testlgn "
Ny =5 Heat exchanger machine
02— [
Tl E =
Autoclave
cdpd
: Specimen
----- Cooler
Acoumulator| Lo
Reservoir ) ) )
Pre-heater Actuator Fig. 1. Schematic diagram of the
. corrosion fatigue testing machine in
EL?;\ppressure | high temperature pressurized water.
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Specimen
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Fig. 2. Schematic top view of the visual observa-
tion system.
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D % 7 (Photo. 2). Bl EITHETHEI N -HEER
bRALPEHESEL, FHICHZ D7
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M EBKGHBEFROENEFRIFERA S AT
AENEBRARALGR < Y - FYTFY - =95 VR
# JIS 3120 SQV2A (ASTM A533B CL. 1 #4) CTHh 5.

Photo. 2.

glass.

Sapphire single crystal rod and window

Table 2. Chemical compositions (wt%) and
mechanical properties of the testing material JIS
G3120 SQV2A (A533B Cl. 1).

o} Si Mn P S Ni Cr Cu Mo \%

0.19 0.24 1.28 0.008 0.007 0.64 0.19 0.04 0.45 tr.

Mechanical properties

YS UTS El, R A
(MPa) (MPa) (%) (%)
454 601 29 69

Heat treatments : 880°C X5 hFC, 620°CX45hSR

LMK B X OCEIRICBITHEMMMEE % Table 2 i
Y. B 12 ASTME6477 (CH#HL L 7248 B=25
mm, & W=120mm ® CT BRKERA T, REH ORI
Hiig S-L FHTHB. RBEHOF 3R kah Tl
AL, M ERESIBENBORELS o/ W(a: &
REE)=0.36 & L7, HiEKPTORAEF OB
BIfTo Tk w,

XZURIEDE= Y Y U rd, EEBE LRI, RER
F oY R BIRTE CH D f44F 72 LVDT (Linear Variable
Differential Transformer) # V2 7-2 > 754 7 7 RiE
THERBL, MBFOLEEITOL. ERDTFEIER
HERMMHE A, S ASTME 647 12365 < EHAE MBI &
KD 7=,
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Photo. 3. A photograph of microscale taken

through a sapphire single crystal rod in air.

a: X2,b: X5, c: X10 Vertical and holizontal black lines show the
cross marker in photographing

Photo. 4. Comparison of photographs taken at va-
rious film magnifications.
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WK ERFHOFELI LSBT LTED, Bk
KCEDREIBETRAVWI EERELE. LaL, K
PTRRAPICHNTY 7 7 4 T THEEEI/NE
KB, REAHLOZBIHEN/S (, BEOE
Ai+amiohsbnThot.
REBROBEA, Fig. 2 12A5K512, SEHO
ODREBEFERET 7 74 THEORICIZH 30 mm OB
MKHY, ZORICERKPFETS. BEAKIZERICK
DRBILTHED, OISR LREEEIMbOTHL
WEBOWL X R AL DL, TDOHREFNOKICHINEE
BELEAEL, MEBEEORTE5ERBITIENEXS
ns. ¥/, RBHOREZZERS 100°C oftiKkH T
i Photo. 5a, b I2A B XS 12, LE*ELAEETE

—131—



722 B L S %574 4F (1988) B 4 F

Photo. 5. Typical features of fatigue cracks in water at temperatures of a: room

temperature, b: 100°C, ¢: 175°C, d: 200°C, e: 250°C and f:288°C.
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3.3 EEBREREILTSAITLAEORE
BIEICHIR LA —E OB T L - Ei§ % HvTH)
HERESE-RRBARAOY— 7 — v EEIIERE
SRME L. BlE LT 288°CHBLU200C IcBITAH
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N indicates numbers of cycles
Photo. 6. Successive fatigue crack growth
observed in water at 288°C.

,a (mm)

length

Crack

b -

4 1 1 ) PR B [ | 11
% 1.0 20 X104

Number of cycles, N (cycle)

Fig. 3. Comparison of crack lengths determined
by the visual observation method (& ,0) and the
compliance method (solid lines).

REME LCEIEILEL A, Fig 3 THHE LTS
RN KEIZARV. & LA Photo. 7IZ/RLA-EHICEH
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Photo. 7. Successive observation of fatigue crack
growth in water at 175°C showing branching. Each
interval is 300 cycles.
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BWIEEET LA, 288°CicBWvTH ASTM it %
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