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Prediction of Fracture Appearance Transition Temperature(FATT)
to Steel by Ultrasonic and Barkhausen Noise Method

Young Hyun Nam and Un Hak Seong
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Abstract

It is advantageous to use an NDE method to assess the mechanical properties of materials since the
conventional method is time-consuming and sometimes requires cutting of sample from the
material/component. This paper shows that the ultrasonic and the Barkhausen noise(BHN) methods can
be used to accurately characterize forged reactor vessels. The attenuation coefficient of the ultrasonic
wave was changed with heat treatment temperature and condition[as-quenched, tempered, PWHT]. The
RMS[root mean square] voltage of Barkhausen noise depended on heat treatment temperature and
conditions. The fracture appearance transition temperature(FATT) can be predicted using nondestructive
evaluation methods.
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Fig. 1 (a) Hysteresis loop for magnetic material
showing discontinuities that produce Bark-
hausen Noise, (b) large discontinuities in a

specimen.
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Table 1 Chemical composition and tensile proper-
ties of the test material.

(1. %)
C S Mo P § Ni C Mo V Ti B
0.14 008 044 0.007 0003 01 295 097 029 0029 6.002

0.2 % Yield stress | Teasile stress | Elongation | Reduction Ares | Hardness
{MPa) (MPs) )] (%) (HB)
500 630 28 78 197

Table 2 Heat treatment conditions of the investi-
gated specimens.

Specimen Heat treatment Average sustenite grain
No size (& m)
N 1020°C/ 5k
Qe N-~870°C/5h

Q2 N-+300°C / 5h -
Q3 N-+935°C / Sh
Q4 N—970°C/5b
Qs N~1000°C/5h

T Qi 196
T2 Q2 26.0
T3 Q3 Tempered 675°C/5h 30.5
T4 Q4 59.5
Ts Qs 5.8
P1 T1 18
P T 242
m T3 PWHT™ 690°C/24h 326
P4 T4 54.0
PS T5 76.0

Note *1: Immersion in water
*2: Simulated Post Weld Heat Treatment
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Fig. 2 Photomicrographs of the tempered specimen.
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Fig. 3 Experimental set-up for ultrasonic method.
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Fig. 4 Experimental set-up for measuring the mag-
netic Barkhausen Noise.
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Fig. 5 FATT change with heat treatment condition.

0.15r

0.14 1
013 |
0.42 L
011 |
040 F
0.09 -
008 L

Attenuation cosfficient(dB/mm)

0.07 |-

. b PR e
840 860 880 90D 920 940 960 980 1000 1020
Austenitizing temperature (oC)

. 6 Relation between ultrasonic attenuation and

".’!
ae

austenitizing temperature.
sensorg& B3 LWz P& BHNE

AT Fo 452 ARRMS)E A&
oo, $A 35+ 6030l

5. Al

19

23 A nE

51 34A 8 23t

Fig. 55 #¥4d 2%7} 1,000C/5h, #38 &
%7} 675C/5h, PWHT £X%7} 690C/24he] €
g ANEE o838t 73 d - HPYHOLER 7
ztel =& 337 °F, 176 °F&} 3254 F2 93
g7t AP w2t Az AdLe FEHL
=& & & Utk

52 ZZoAME 2o
Fig. 62 352 AW dA8 2x9 724
Axse ZaaAE Jdehilxn itk EXg 2



1220 3 9
©7} ge NWASS 2859 P47 2
dea gled, ok £E7 284 A4

U

A4 Y A7t F78k7] d et
Fig. 7 22HUolE9 AA < X(grain size)

S 2&7 ZaASe BAE Uiz ok
2o AAE A ()3 o] AAYEDY 3
zo v, FHARD 45 vgstez A
E EHolHE 3z 2 At A Y
Fe el ZAASL A WA Yo
W, AAY 207 34g met 289 24
e 343 /st AL Boln g+, o9
e gL ERE & ANt Ak

Fig. 82 z&we] 2ok dxe zA%e B
AZ Yegdn Aol 2S39 4= dxEr}
Ao w} Brsn dYon, 53 90Tt
1,000Ce ZAHAFe A= Aol AL

B e

{ o

Prior austenite grain size(zm)

Fig. 7 Relation between ultrasonic attenuation and

grain size.

o
3

— Austanitizing Temperaturs

E 0.16 —0~ 870 {<C}

& —0— 900

A —0- 838

z 0.14 — =970

-g —o— 1000

£ on

8 | S I

3

G 040 1\

2 I

g o008l g s n

b Lﬂ/ﬂ
0.06 2 L "

As-quenched Tempered PWHT

Heat treatment condition

Fig. 8 Relation between ultrasonic attenuation and

heat treatment condition.

)

. /\é

€ g

Holm Utk oleg AL AF9 mAFzI
S43Hez SHAAE S E L, #A3EH] o
folgta Atg gt

Fig. 9 94X zdd & FHo &zt
et glh. HFA e Al B g
T+ 5836m/s~5901m/s o3, HHHIE AH
Fo&EE 5941m/s~5H5m/s ©|oi, PWHT
& AHY AS FHEEE 5941m/s~5945m/s
ojtt. ol & UYL FFAZ ARy A4 A
HY# PWHTS AHzRT ZAAHA H2%
(point defect), ¥ (dislocation), ™ ¥ 7 H(plane
defect)5o] Wol EAstnz, A5 UWE AAs
£ 25971 A5 AdEEr] gEclgn Asd
th o] el oY Fe £E9 AT ©AA
F~(Young’s modulus)7t Hl&H#AA Jomz
9343 A9 g/PWHTY ANH BdATE A
P& Atz d4dd. wdEgAd $H-HIIA
(stress-strain curve, 0.2%)& ol &35t @AAF
£ T Amstgdov, A4 71EH
ot 7S (B A7 Hetez AgHoln
AE G ATE 2T &7 ok

o ub

5.3 Barkhausen noiseA|E 23}

Fig. 102 22dHvolEe AAY = BHNY
Aax AdAe BAE Yz Yot A9y
I PWHTS A|#H<9 BHN RMS A2 Fig. 7%
Zol ZAYY AV|I7t Fe FHME & Ho
£ HolA ERAW™, AAHPY Avt FoE
wet 2A Frhetn Qloh

=

5560
—_
4
B S0t
=
‘D 5840 |
o
@
> 5930
2 Austenhizing Temperature
3 5820} —o— 870 (C)
g —8—900
-g 5910 | —0-935
g; 5600 L —+— 970
S —o— 1000

5890 L A

Asquerched Tempered PWHT

Heat treatment condition

Fig. 9 Relation between longitudinal wave velocity

and heat treatment condition.



%379 Barkhausen Noiseol % 79 A - HAJHo| &% o

a PWHT :{
w0 F o Tempered

BHN RMS Voitage (mV)

100 " " ) i i L L 1
W0 20 30 40 50 60 70 80 9% 100

Grain Size (um)

Fig. 10 Relation between BHN RMS voltage and

grain size.

aze

300 [
5 20l
E 20l —o— Tempered
S ol —o—PWHT
<)
io 220 |
o °F
= 180
4
z 160 |-
5 WO

120}

100 — ] i. 1 I

" :
860 880 900 920 940 960 980 1000 1020
Austenitizing Temperature(cC)

Fig. 11 Relation between BHN RMS voltage and
austenitizing temperature.

Fig. 112 BHN RMS A¢s gA8 =149
#AE Jehd Holth. BHN RMS dAge EA4
g £%7t FUhgtel we wEEeE BAEE
o glen, 53 970CS 1,000CY Ag=
gto] 7S¢ gol AA F/tsta Ao

b m
o

dlo

|

6. =St

H 1} Barkhausen Noise's Ol
o| st

FATT 0| &

Fig. 125 2&vte ZaA e FATTSS %
TBAE dEd R 59%4 AT
FATTY disl dddez sz Ao
Charpy V-notch 23+ ¢ %ﬂia] ojgo] }E
zt N dol dis] AAAT FEAE AEY

= 1221

0.15
E 0.14| o As-quenched 1000eC
E o3l
m
g 0.12
c
Q2 o111 970:C
=
s 010
8 0.09
§
= 0.08 9330C &, I 5000C
3
c 007 020-C
£
g 008

005 1 | — 'S 1, N B 1

40 O 40 80 120 180 200 240 280 320 360
FATT (oF)

Fig. 12 Relation between FATT and lultrasonic

attenuation.
320
300 [
280 T 10000C
2 mof
T 2o
£ ol T sr00c
g 200
@O 40l
DE: 160 | s100C gas0C s Tempered
é ol X 9350C s PWHT
2 ol 9000C 9000C
100 1 A s 2 A 1 N A 2 I ! 1
40 20 0 20 40 60 B0 100 120 140 160 180 200
FATT(oF)
Fig. 13 Relation between FATT and BHN RMS

voltage.

FATTE 286 °F~337 °Fol
FATT: 48 °F~176 °F, PWHT% A|R2
FATTE -20 ‘F~32 FI& & 5 vk €44
7t AYPPo| whEt FATTE ZHasiz Ao,
Az ARZANE F/4EE & F Uk 4 B2
PWHT3E AlHe] FATTS ZaAFe 4a#
AE BAZ Relth

I, 9938 A8Y

a (dB/mm)=0.000443 X FATT(°F)
+0.0848 (5)

Fig. 13¢ BHNY 2&x A4 FATTS
A#BAE UEd Ao, BHN RMS A%e
FATTO) disl Ad3dHoz w#HsL s
& 9tk PWHT@ Al@el ZA¢ 1 AadAs
2)(6)7 7T},



1222 3 9

Voltage(mV)=1.06653 X FATT(°F)+73.25 (6)
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