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A Study on the Measurement of the Internal Crack in Flange Welding Zone by Digital
Shearography
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There is a many kinds with nondestructive testing such as RT and UT representatively. Referred
before two testing methods there is a limit which is spatial such as nuclear pipe, smaili vessel,
sealing up vessel. So a new technique needs to overcome the limit which is spatial. shearography
will be able to overcome the limit which is spatial. This paper introducing shearography which was
known as non-contact full-field testing method and It is an interferometric technique for
measurement of surface deformation such as displacement or displacement gradient. Also, a
research about internal defect of the flange welding zone was accomplished. About variation with
method pressurized with the Gaseous Nifrogen. Phase map where is various were measured
according to changing a sheared direction, size of crack and loaded pressure. Consequently,
crack quantitatively to be detected qualitatively was measured by using shearography.
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Fig. 2 Schematic diagram of a Out-of-plane ESPI
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Fig. 3 Schematic diagram for a lateral digital Shearo-
graphy
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Fig. 4 Vector diagram to calculate Phase difference

P AT Q Held HE A HF Fo 933
€ TeiEY v g
P oMo 3=
2

Agr = (n, = n) () 3)

Q AolA 9 g

Ay =TG-y (@A) @

Hejd A de A= F A P g Q Al
Mo W A& AF3ty] wiEel A All
A ZAFH7E JeblE A33 Age A @)l A
Gy W A g

A =Ag, - Ag, = 27”(1 + cos 9)%& ®)

p= 370 g (6)
A Ox
AN o8 HARE pYRYE AT ¥
ol 4ol W Od,/ox o ol 4BF FmA
& UeEie & £ o E Aol & 4 9ol
A9 sx o gol 0 o MHEFE A (o o3
b A BEH Nol HAw, ARS AE @

232 YY0|SHOl o8 HY P Hyst
PN A3AnE Yo

371 A4 PZT(Piezo-electric transducer, 97



o

SHUSSEX M 26 # 135 pp. 97-104

January 2009 / 100

A4 e T8 WHold. dHtH O =Z 4 frame &
Bol ALgEtl I olfE A (1) o WA Fr} 370
(L) B2 3 7 olgs] 340 Bas)

ol A (D)~ (10)F Zo] FUiFA A AE
AYUE 4 Y ¥ FEZEE A Ao 9F
3 & o]E olEle A (1)o] Y EH¢ &
AR Me] A4 #s TIE Wy T 279
B3E & 4 JA HE 94 =(Phase map)E A4t
3 3 4 Ak a8l3 AAEE arctan 9 E
A4 2 vl BAEAS AUA Hed, o B
A&EAHL 4 A (unwrapping)oll 28] Ao
EAX ZHA 2AE WY Tujel o] d&FHo
Z YsA "

I, = I,[1+ y cos ¢] @)

1, = I,[1+ y cos(¢ +%)] =I,[1- ysing] ®)
I :Io[l+ycos(¢+27”)] =1[1-ycosgd] ®

I, = I,[1+ y cos(¢ +37”)] =1I,[1+ ysing] (10)

gt L= 1 11
#(x,y)=tan ﬁ (11
2.4 2gte] Fef

ASME code section XI 2 A2 AHHE 9}
g&7]d o FALRA o] UL 2 A3
4L A% o, aEln &7 FA v
23 Zolo HEH AHFHo vt Em: A
9] wiako) met & waF A(axial crack)d YT
W3k 43 (circumferential crack) 22 533 lch
AFa Ao A FHXMe] ol xqt Zdolg H
718 W& Fig. (bt Zol AL HrsA =
(A B ZHol,L: 2% Zo], T: 24 FA)

(b) Circumferential crack

Fig. 5 Definition of the cracks
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(a) Photograph of specimen and crack

(b) Location of cracks
Fig. 6 Shape and location of the specimen

Crack < Fig. 6(a) 9% AMzle] sAFE Ao 3}
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Table 1 Specification of cracks

| Crack Direction Length(mm) | Depth(mm)
1 Crack free 0 0
2 Axis 20 4
3 Circumference 20 4
4 Cricumference 20 4

32 MAEEZHA 7o

Z9 0 2= Coherent A9 E 2™ DPSS 532 4]
#HolA e M7]E Max 500mW |5, 332 532nm
91 Nd:YAG d# o} x|t} Fig. 3 3} Fig. 8 A& # oA
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Fig. 7 Experiment using the shearography

(d) Experimental results of the Cack 4
Fig. 9 Experimental results of x-direction shearing from
the left, P1, P2, P3, P4 to the pressurization
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Fig. 8 Schematic diagram of shearography testing system.
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(d) Experimental results of the Crack 4
wgon AWFgs y Fig. 10 Expetimental results of y-direction shearing from
Wakolgl 4o 3}’ the left, P1, P2, P3, P4 to the pressurization
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of the Crack 1, x-direction

(a) Expeime al resul
shearing

(b) Experimental results of the Crack 1, y-direction
shearing
Fig. 11 Experimental results of the Crack 1, Symmetrical
measurement from the left, P1, P2, P3 to the
pressurization
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(a) Axial crack (b) Circuference crack
Fig. 12 Results of FEM
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Fig. 13 Detection of the crack 2
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(c) Line Profile (d) 3-D image
Fig. 14 Measurement Method of the crack 2’s length

Table 2 Experimental Results of Measured Crack 2

P Actural Measured
ressure
Length Length Error(%
(NI gt g (%)
(mm) (mm)
9.8 20 X X
19.6 20 16.5 17.5
29.4 20 21.5 7.5
39.2 20 21.85 9.25
4. 48
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