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Basic Study on Development of Monitoring for Crack Propagation
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Abstract

The system for detecting the generation and propagation of cracks in products and na-
terials has been investigated in this research.

Firstly, in order to apply the method to harsh environment such as plant equipment, the
- system with laser interferometer which enables to detect fracture in non-contact way was
tried. It was confirmed that the heterodyne interferometer with He-Ne laser could detect
elastic waves propagating through materials, and the non-contact system with four interfer-
ometers to detect acoustic emission (AE) wave was developed. It was applied to the thermal
stress fracture in alumina coating materials. AE wave during cooling of specimens due to
microfracture near the interfaces was detected and the generation time, location, size and
fracture mode could be evaluated by the inverse analysis. Thus, the quantitative system for
evaluating AE wave was developed and the validity of this system was confirmed.

Secondly, in order to predict the crack initiation, the detection tests which were per-
formed to detect a change in damage in the pre-stage of micro crack initiation were tried. For
the components that were subject to transient cyclic thermal loading changes, the ultrasonic
detection test was performed, and the obtained echo was analyzed. Furthermore, the mezs-
urement of micro hardness was performed by using the micro hardness tester for the grain
boundary at near crack. The ultrasound velocity which could detect damaged state before
crack initiation was estimated from the wavelet analysis of ultrasonic echoes obtained here.
It was confirmed to be possible to predict the crack initiation from the change of micro hard-
ness on the grain boundary. -
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Institute.
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Table 2.5 AERH Il

LPF 300 kHz
HPF 200 Hz
Trigger level 0.168V
Sampling rate 200ns
Detectable velocity range >2 m/s
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Table 2.7 ATEREHERILAE

BUNo] £53v BB (um)| R FB(im) Brast
1 500 i A
2 100 i A
3 1000 i A
4 500 K B
5 500 4% C
7 500 NiCrAIY,100 A
Table 2.8 7IFAMEME
TR R pm ITFTEhkef/om) B Sec)
A BT L 500 5 20
B FILEF 300 5 20
C H—vk 100 5 20
® HEBRFERE L UTE

Fig 2401280 4 7 VEEBRICHE L - SRER PR B X UFEE R o b:ﬁ-ﬂ: 3
WEMFIE V- ICAERSHE 2 Wi L T 5 220 I HAIR30# x5 mmThHY. &
Fo. B0 W LB IXWT K~ —73#600, HEERTE 2 N 7B ICTEEICHEL
7206

Dimension: mm
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REBRTIILF ¥ YV ANVDAERI N 24T 0722 &b, AEEREE L & b IZHIR
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(convolution) & L TEHENB, Lidto T, ABBEBICH L TH s 2 AES
FPEGLUTCHELILPUETH), TO0DFEPRABINTE A,

Scruby & X EMF OREEFER LT, ROICHET SV ADRE S THWTH
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D, (x,8) = Cpp, [14, (x, 1)V, (x) A4 (2.19)
LERND, 22T, BAEPEFYEGHTH L ETHIT, BEFCmid
Corom = A8 18+ 1106 1,810+ 8,01 ) 2.14)

LB, SEMEEERDS., AERTHRIEEN-ABZIFERICEIT 5 R
BL7bDTHoLeELLRAIENL, HREOERNS PV yaZ (0, 0, )T
55L0rFE, COCZHIEIFHEICEEAMTH S, TDFE. X (2.12) &,

2
U,(x', )= {Gzl,l +Gyy, +(1+ “T#)Gas.a} * Au, (1)AA4
(2.15)

+ {G31,3 + Gy }* puy (£)A4
+ {Gaz,s +Gy }* Hu, (1)AA4

Y b 86 ICENEEEICE B EVEVYRE—OREEES t) ZHELTwWA LT
AL, '
U, =G, * f(t)Au,Ad+ Gy * FOuumdA+G, * f(e)pu,Ad
| 2
G, = {Gal,l + Gsz,z +(1+ _%)Gas,a}

(2.16)
G, = {Gsl,i + G33,1}

Gg = {G32,3 + G33,2}

LD EHRD, LA 0T, 30N oMESICH L TELADEY T —{E
E T 3G Goe G, EMTHIT, kX (2.16) ZHEEICH L THEBIEL., &
BHRABEGEFTI LWL, (u,uy,u,)Ad BEBT B EHFTHL LD,
LA Lads, EEICEERTTEINEL 25720, S TR &I 1T L THEE
bz f7 o720 '
Fig 2.53107R § & 9 (CHEEEIED 5 DB B HH ATICH L TEE Y —ETIIX
AFWILT 5o
UI(AT) = GL(AT)* f (AT)Au,A4 |
+ G5 (AT)* f(AT) pu, A4 (2.17)
+G, (AT)* f(AT) pu, A4
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u, (1) = ke, F(2) (2.18)

LREHEDE L, ZIZ THIFMBEHOBWILV AL THOBERAEEE
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(10,0, )Ad DEERETHZ LB TE B, 2L, HREC OV TIHERK
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