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Detection of Intergranular Pop-in Cracking during Elastic-Plastic
Fracture Toughness Test of Cr-Mo-V Steel by Frequency Analysis

of Acoustic Emission

Keiichi SHIMOMURA, Teisuo SHOJI, and Hideaki TAKAHASHI

Synopsis :

The feasibility of using acoustic-emission techniques for elastic-plastic fracture toughnesstest of aCr-Mo-V
steel at a high temperature has been examined. Fractographic study and frequency analysis characterization

of AE behavior have been carried out.

AE signals observed during the test can be classified into three groups:

Type L, I1, I11, and three different types of fracture surfaces are observed. Some interruption tests reveal that
Type I AE is generated from the micro-cracking due to decohesion of MnS inclusions or coalescence between
main crack and voids nucleated by decohesion of MnS inclusions, Type II AE having the largest amplitude
from the intergranular pop-in cracking, and Type III AE from the formation of intergranular dimple facet,

respectively.

Jiae denoted by an abrupt increase of ZExg-] correlation is proposed as a conservative fracture

toughness characterizing the intergranular cleavage cracking.
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Table 1. Chemical composition (wt%) and
mechanical properties.

C Si Mn P S Ni Cr Mo v
1.08 0.22

0.35 0.34 0.78 0.019 0.026 0.44 1.03

oy : 461MPa ovurs: 602MPa  ¢r: 13.9% at 200°C
gy : 490MPa ours: 671MPa er: 12.2% at Room Temp.
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Fig. 1. Specimen geometry.

& 200°C CTEME 7. Table 1 12iY, ff M OEEEL
IOt 200°C @ HsU) B EBAEE b AR L.
Jic RBAERE Fig. 1 T iRE 25mm = .2
77 vy a vl (ITCT) 2AEL, To &M
FIE ASTM-E399-78z;rxh % C-R } L. ¥
HBEIZ, RBRFOBBNTHRES T2 Ah, W
FX a LIR@LW Oltha/Wh 0.6 L UKBft L 7.
28, W OhDRBRI T 25% A F oA —
TEH LD BERE L.

EBRKTHR, JESOEER IV EHUEIORERTT
Dlch, T OHEERCRT.

(1) JEsoOER

JESL, Jic RBL VB OB WE-TEALAE
R bRARCRECEH I RS,

Jie1= I:Ji-l-(f(a/w))i lll;l:l

X{l—(%<i[(ap)i+1—(ap)i]} ............... (1)

TIT, A fE-WEREMERTOER, B: RABRA
E&, b:W—a, V72V EX, W:REBRIE, ap:
aot+da, FEWURI, f(a/W) : RBOEMZHHRTE
DENBEE, r=140.76(6/W), i.i+1: XZERD
ATy TR

(2) 2ZEREOWETE

ASTM % 5\ ML JSME o#E3g3 25 HiEnib b, AS-
TM, E-8130 TIIRIEF A% 8 B4 Lz Fh Fho da

D, JSME, S001-19819 1= 1 % FEac 3\ Tiddi
B 3/8, 4/8, 5/8 OfiED 3 mMFEHE da LL T\
5. oL, BHEECEBCE,, 74 vEERERS
BEL, EROFETRELSEDHHHEL IR
BUETHS.

AR T, RBRTEABRF YEFHEIL, 0
Wik & v TROEBHEE 44 OBIEL TV, FOEEK
B B TEHRULICFPHEXUERREX da(=44/B) % R D
fe.

2-:2 AE FAIRET—4208

Fig. 2 1= AE FHIROHR D2 /RT. RPwrd X
51, {RE 200°0C D& TEREYERT -0 AE
vy (NF, AE 9058) 13, HBRACHEERE I h:
Ve—7HAF G ER 4mm, £X 150mm) &
P xh, 2kHz-IMHz » AE £%% VTR B5—x
L= —4% (SONY, AV 8750) 13048 L7-. EEAE: S
Hxh s AE 5 oREE ©— 7 Hi2, RMKEET T
=x—Xht.

F—Z La— X CEEIN AE 1 XV P -DOWT,
BB TR LD =3 ¥ —0 2 FEE-EHIED X
SEMR JOREREN L ER L, BHE s OX AT
HEB BRI L.

3. RBERBIUEE

3.1 Jic SBRE

Fig. 3 (3 ASTM & ¥ CEbhic R Y
AT, Hems&8h s R, B cEIh s 42=0.15
mm ¥ L da=1.5mm F 7, MROBICHD, L
PHRECRTHFRELZHRTHERT — 2o TR/
FECIVRELILLDOTHS.

B W — a>15(J/0-Y) (3)
ZZTC, oy=(oystours)/2: BEHIEIREE
FRLY, SEFCRDICREFREE ASTM-E813 ¢
DT ag=J/20y TEINDHLER (RO MEHM
fLictind 2 EHERELXRT) LOXRIVELIS
Ja TishbBEEA S EH T 5 BB MDA
36kJ/m? CHot. T THEBAS Jolit, RERTER
R E HeTHEC BR s BMBBENME Jic L7
5.

B, a, W—a=25(Jq/0v)
AERTHEDLRE Joit, & (4) % FHOHRLTE
b, Fig. 3 € (4)DHIBE& G2 BHTHRY X Jo=
Jic ERITZENTES.

L L, Photo. 1 W/RENBEAERCHEIRN
RRIEE O —FITIL, FR~ZHBENERML T

— 119 —



$ X MW 69 4 (1983) 16%

2062

Welded
/c.qxlSOrrm - ’ \ __..>l 9 PRINT OUT

<

e Gine g SESe] ;
CHARGE AMP BAND PASS  MAIN AMP
R e b, mene | it A
Z- Z- Z ~
Cr-Ho_STEEL GAIN:20/40db GAIN:0- 60db 10 LEVEL

1 TCT
C-R DIRECTION
200°C

VTR TYPE
( a ) DATA RECORDER

(SONY AV8750)
T
%9 / \ ] 2a g s PRINT OUT
t

BAND PASS FILTER ENERGY DETECTOR  HISTOGRAMAER
VARIABLE " 162072 2410° vsec 20 LEVEL

S

VIR SPECTRUM
E'IIIMM%R ANALIZER

VIR TYPE
DATA RECORDER
(SONY AV8750)

(a) acoustic emission measurement system, and (b) data processing.
0SCILLOSCOPE Fig. 2. Block diagram of AE system.
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Photo. 1. Typical SEM fractograph.
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Fig. 4. Typical example of Load-displacement
curve and AE event energy.
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(a) Location of pop-in cracking, and (b) Enlarged fractograph.
Photo. 2. Fractographs of intergranular cleavage pop-in cracking.
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Photo. 3. Results of EPMA analysis of non-metallic inclusion.
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Fig. 6. Results of spectrum analysis.
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