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Development of the DCPD Method Based on Finite Element
Analysis for Measuring Semi-Elliptical Surface Cracks

Do-Jun Shim, Jae-Boong Choi and Young-Jin Kim

Key Words: DCPD Method(3 573 ¢ 2%), Finite Element Analysis(%3%F243]4]), Surface Crack
(BB Y), Crack Configuration Measurement(7 € 335 4)

Abstract

One of major problems

in analyzing failure mechanism of real components

is the accurate

measurement of crack size and shape. The DCPD(Direct Current Potential Drop) method has been
widely used for the crack measurement of a structure and finite element analysis has been used for the
derivation of calibration equations, which relates the potential drop with the crack depth. In this paper,
finite element analyses were performed for semi-elliptical surface cracks with various crack shapes(a/c)
and crack depths(a/f). As a result, a calibration equation has been derived for the measurement of a
semi-elliptical surface crack in wide plates. Analytical results are compared with experimental results to
evaluate the validity and the applicability of the derived equation. The proposed method is expected to
provide efficient and accurate measurement of a surface crack during crack growth.
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Fig. 1 A three dimensional mesh for finite element
analysis

2
oo
QL
2
5]
1<)
o
ue
to
oft
o
o

ox M

i
Tl
= ﬁém
N
K M
SRR

&

oxl N

_O‘L
e o
)
et
>
Okt
[
N
2
Ho

3
H) (ale)7}

o)
ol

= B9
Aol @ stst
© wets DCPDYEE ol g3t EW
& 487 AAHE arst acd] W
g & Qe BAAol Fg )
= olsh 22 BAEYE A 9§
A7 A4e FPsidh. FA ae
TZATIL FFSE anel e 3
stod zlo] wzte] mE 2zt 9AClA ]
€ AT ol Z& Byo
ZEY G diste] AT WA
H4s sPaglon, olg Tl =A

alts} alcdll A& 7 BAAS A

=

ST e
18

. A
> [

=y

g o%

9

5

o
o:
ol

14
o

tlo o S i M

TN ST
°
£
1o
E
o

=
o2

)

22 RERA2H 3 sy gy

FEHaar A7F HMdE HE FFasHY
Z2a¢ ABAQUS”E AMEEY Fig 1
o] Algd fFEsirrdas g3 ANF
A& fste 33Hd Bd g o] gEsion, =Y
o) A& Fig 1o =AE upe}h gk M E=d
& 2084 334 HV84E AHEst FAER
oo, M7]HEE(electrical conductivity)Z Ay Z
HAgel 3 g 2.0x10%(1/(@mm) = A}8-3t
Aot

2 =FodAe 47HA #E388(ale = 111, 122,
173, 1/4)ol diste] feas A717 4 38

Table 1 Crack shapes and sizes for finite element

analyses

a c a c
Case | alc (mm) | (mm) Case | ale (mm) | (mm)
A0 0 0 Co 0 0
Al 2 2 Cl1 2 6
A2 | 11 4 4 C2 | 1/3] 4 12
A3 6 6 C3 6 18
A4 8 8 C4 8 24
B0 0 0 DO 0 0
Bl 2 4 D1 2 8
B2 172 4 8 D2 1/4 4 16
B3 6 12 | D3 6 24
B4 8 16 | D4 8 32




vetel BUHEY 4SS A9 f3a4 AN Aol 72 A5G AL 1149

(c)
T T T
RS W W o RN NN Y
RN T 1“3“\"*;*\  Y

Fig. 2 Finite element mesh of crack layer for (a)
Case Cl (b) Case C2 (c) Case C3 (d) Case
Cc4
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Fig. 3 Normalized potential drop versus distance
from crack center line for four different
crack depths, a/c=1/3
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Fig. 4 Normalized crack depth versus normalized
potential drop, a/c=1/3
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Fig. § Normalized crack depth versus normalized
potential drop, a/c=1/3

Zlo] WigtE & YR Qlve A& E1ist
o T4 SHEHANN FHT Atk =3
dholu7t Frhgel wek ket v
EE Afd A Agae vudEy 54
ol dsfAE tte AdE verd o
T ATE Utk dE B0, & ¥ddold 4
3 FEdolE Holue ¥4, 5§, #¥dolt ¥
datA 0 Ao FAT Hdake dFF @
£ VERHA Fgten FdojHrt FrtEsE
Zorekint. Fig 4% ol &2 GaE BAa)
A3 dEol7t 09 AN HolHE A9

(7| S A R

0.6F------2 SRR A ]
3 ;
08 o
: ale=1/1
: : alc=1/2
2 e cmaeaan bean- |
0 : : A =173
: ® aic=1/4
0.0 i i i
0.0 0.3 0.6 0.9 1.2

(v,

Fig. 6 Normalized crack depth versus normalized
potential drop for four different crack
shapes
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Table 2 Calibration equations for four different
crack shapes

alc A A2

11 1.1297 0.4441
172 0.8604 0.5013
173 0.7327 0.5182
1/4 0.6895 0.5391
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Fig. 7 Coefficients for calibration equation in terms
of polynomial fit
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Fig. 8 A schematic diagram of the surface crack
specimen and probe locations
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