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Evaluation of Fracture Appearance Transition Temperature to Pressure
Vessel by Ultrasonics
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Abstract It is useful to use NDE methods to assess the mechanical properties of materials since destructive methods are
time-consuming and usually require cutting of sample from the material/component. In the present research, ultrasonic
characteristics have been utilized to evaluate changes of mechanical properties due to heat treatment temperature and
condition. The attenuation coefficient of ultrasonic wave increased as the heat treatment temperature because the grain size
increased in size as the temperature. The attenuation coefficient decreased as the heat treatment has been progressed
(quenched, tempered, PWHT). In the case of ultrasonic velocity measurement, velocity difference between quenched and
tempered/PWHT was 40 nvs. There was a good relationship between the attenuation coefficient and the toughness. The
relationship can be used for the nondestructive evaluation of the forged reactor vessels. Moreover, the method may be
effectively used in the field application.

Keywords: Tensile strength, Heat treatment, Ultrasonic, Pressure vessel, Fracture Appearance Transition
Temperature(FATT)
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Table 1 Chemical compositions and tensile properties

of the test material (Wt %)
C|S (M| P|S|N|[Cr|Mo|V|Ti| B
0.14 | 0.08 | 0.44 10.007/0,003| 0.1 | 2.95|0.97 | 0.29 |0.029|0.002
0.2% Yield| Tensile’ .| Reduction
Elongation Hardness

stress stress %) Area (HB)

(MPa) (MPa) ° (%)

500 630 28 78 197

Table 2 Heat treatment conditions of the investigated

specimens
Specimen Average
P Heat treatment austenite
NO T
grain size(um)
N 1868° F
Q1 N — 1600°F
Q2 N — 1652°F
Q3 N — 1715°F
Q4 N — 1778°F
Q5 N — 1832°F
T1 Q1 19.6
T2 Q2 26.0
T3 Q3 Tempered 1247° F/5h 36.5
T4 Q4 505
5 Q5 75.8
P1 T 218
P2 T2 242
P3 T3 PWHT 1274° F/24h 326
P4 T4 54.0
P5 T5 76.0
1868°F
}‘w"' 1274°F
l 24 hr '
AC. AC
Nermalized Qi PWHT

Fig. 1 Heat treatment procedures for various of
mechanical properties
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(a) P1 (G.S: 21.8um) (o} P2 (G.S: 24.2um)

{c) P3 (G.S 32.61m) (d) P4 (G.S: 54.0em)

(e) P5 (G.S: 76.0um)

Fig. 2 Photomicrographs of the tempered specimen
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Table 3 Heat treatment condition and mechanical

properties
B Simulated
Austenitizing| Quenched Tempered PWHT
Temperature
. TS YsS
CF) (MPa) | (MPa) TS YS TS YS
1600 1137 | 715 | 698 | 600 | 578 | 442
1652 1147 | 745 | 757 | 661 | 616 | 488
1715 1147 | 745 | 770 | 671 632 | 507
1778 1147 | 755 | 764 | 667 | 622 | 486
1832 156 ( 735 | 764 | 666 | 629 | 507
Oscill p
Egg_ (Tektronix 410A)
, y | e
L““" Pass Ultrasonic Device | |
Filter RAM-10000
y
Signal S 1
Probe
— <4— Forging
Longitudinal -~
direction

Fig. 3 Expermental set-up for ultrasonic method
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Fig. 4 Variation of tensile strength with heat
treatment condition



378

af
of

il

100 }

80

60 |

¢ Quenched
. a Tempered
A PWHT

40 |

Shear fracture (%)

20

L
L —t 1 1 i

1 3 1
200 -100 O 100 200 300 400 500 600 700
Temperature (°F)

Fig. 5 FATT change with heat treatment
condition(1600 " F)

100
80
2
2 s
3
k!
o
T 40 e Quenched
8 » Tempered
R A PWHT
(7]
20
0
1 " 1 L I i i 1 L.
200 -100 G 100 200 300 400 500 600 700
Temperature (°F)
Fig. 6 FATT change with heat treatment
condition(1832° F)
400
350
% —o— 1600 °F
300f — 1652 °F
—i— 1715 °F
o 250F ——1778°F
= —o--1832°F
l: 200 F o
& 1s0f .
100 ¢ -
50 - O\
°r 3
50 bt . 2
Quenched Tempered PWHT
Heat treatment condition

Fig. 7 Relationship between FATT and heat
treatment condition

Fig. 72 g 2749 digt dFdH 2] HgE
v Ao w38(QuenchedZ710] 1832° F/Ah(QH)
9l A= FATT7} AY &3, 1600°FAhQDS 452
FATTZ Ald Sk @8 2 PWHTE @42 24
qME o)t fARE AFE Holm glow dXEs) A
Ao wel AFgA)eEE A FAidhe AFE
ERJE Ak

4.2, ZFaAE ot

Fig. 8& @33 A9 €48] 5% 253 74
Asetel dadAs Jehl ik 9A4e] 2% B

NPRY 5 283 A7 20 e e
dl, o] 948 27t 2&5% Aue A¥He A7
7t F7kel7

Attenuation coefficirnt(dB/mm)

i . '} 1 i Il 1

1600 1650 1700 1750 1800 1850
Austenitizing temperature(°F)

Fig. 8 Relationship between attenuation coefficient

and austenitizing temperature

0.18

0.15 |

o Tempered

ST A PWHT

013 p
012}
0.11 b
Q10+

008 |

Attenuation coefficient(dB/mm)

0.08

0.07 f . i L L oted 5 1
10 20 30 40 50 66 70 80 80

Prior austenite grain size( um)

Fig. 9 Relationship between attenuation coefficient
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