L 2% Bl 1R

Aeronautical Science & Technology

May 25 2020 Vol. 31 No.05 81-88

—RPRECBUN I IE WIS il g

Sk

gk S, widk, FE R BRER
V] RPLREEFSET, BRVG VEZE 710065

W BASCETEFEGMXEFNRTHOORABA . EENBTETHBFHRIORAN T FE W EREE HILT X E
FREHTERRCNMAE REATERENUCE G EE LA TRBENRFRRIE A E S, BEF I T

CCTRUH#AT T RUY Bk, EENREY B+ Al

ROURA R BRI REFATT W, 45 5] T REUK JE fu Ji Ay 3

BT SRER, ZECRA AR ZRFWRERA, B ERRE RO BRI 0y ROUE o %R A CHLEE 8745 5
RikGerw R B MENLAL ARG NESNERSEE L

Kugial: sy WG ARk ks A7 Maig £k RO, KRRiE; MABRERT

RES2S: TP391.9 XEMFIRES: A

TRHLGE ) R ) T RE LS R A SR R R T 25 5
AL W B TR S BEARMLAR S A (T A B, DA
IR FMEMEIG R o 7B CHLAF I 1L R b, X AILAAR 2854 11 4t
iR BRAPERE Al B0 RS0 2 R PE RE RO B v
S0 5 R M G R B 2 PRV RE 1 LR A, 2 —
T E B A RO A 55, IR ah i i O SR S0 T S b £
LB B EE . BT 2800 = T Bz
FRF B B B RE a5, 2R B B8 A gl Aok P B B
AN JEBY, T F A 32 Nk B2 TP TE RS v e e 5
WA

Wil 75 B0 R A PR AR s R R | JE 807 UG Ak
B AR G 28 S0k AT I R — OB 4 JE B, R A Sobel |
Prewitt&Robert 5511 2 A6 I 541538 13 B2 AR BRSO 5y
i, SETARAF LB U B o X FP B BK BT 2 0 i 4k
B3 B, 25 5 DO, s 232 BR T RS A B i ek
Ui B ASHERR 15 B0 B USOR RSO LTS5 G B A%
o o —Fi R SR T IR 3R 1 15 B 3 PR IR IS 2 5 {5
B, ORI E ER REAS ARAF AU T2 S BN i 25 5 TR oy
HhEEF BT T W58, Yoneyama SR IR Ltk /N —5fe

INFsBHEE: 2019-12-30; B{SBHI: 2020-01-20; RFIBHI: 2020-02-15

HEEmE: MEREER(20170923001)
“BIEIEE . Tel. : 029-88267582 E-mail: dongzi.666@163.com

DOI: 10.19452/j.issn1007-5453.2020.05.011

VX William £ B3 R ik U7 OB # BB E A T 1T 09T 51X
PRI T 16 BE W D01k T 78 USSR X B (B Ak 11 o ek
R RRMST R R B LA L R 1 A% BN A R B AL A , Pacey
SN B ALY RS AR FTL 2R ds FH LSRG N 1 551
It 1) L0 v 67 1 06T L B 7 58 B2 1R F ; Lopez-Crespo
ISR F it A SRR X Ay JH] RS B A B0 o i i T 284k
L, MBI UR T Muskhelishvili 2235 305 8050 Hr
AR, M. Zanganeh S5l AL B S A6 B 7 bf
5% Matlab AL T B AR P 5 R OU AL SE e 0 SO0 1 [n) il
RS ERR AR . R SURESIER TR TR
Y240 s FOMN B 1% , 1205 1 R S A PR b AR AR 2R
(VA=

ARICE A T HBERGN R EA T B SRS TR
WIBLRE B b VS AN [ R B R W P R S i Bk 1Y)
PR B TR RIAR: , 38 5T B L R AR Y
PR EAR X Z LA TR, 45 R RN R EGR BIAZ
W P R S AR /)N | BE A% HERR AR A5 SEPR LA e i 1 244
G IR RBLAS R 2 R e Hh i A F Sk
TSR B R s I EM S L

Sl : Zhang Wendong, Zhuo Yi, Dong Dengke, et al. Research on the method of crack identification and experimental verfication [J].
Aeronautical Science & Technology, 2020,31(05) :81-88. X %=, 2%k, BE&F!, &. —FREORBIT/ACIHAR R IWIUE[J ). AR

RlEHs A, 2020, 31(05) :81-88.



82 LIRAEE L P N

May 25 2020 Vol. 31 No.05

1 RYGRBITENERRIE

ZLECR IR 1 3 b B S B S AR T )
R FHBAROGIN 3 25 R 4 62700 B AR el Ak # AR
Sh4 T LA R P 2R T (0 AR T S A T Rk i RS 4
it AR, BT EUGAE LD B 8T k0 R
W kU 2 T 528 I i i, Hrp BT R AR DGR 1Y
N Z o BT RGO G R — P TS LA 5 AL
(BRI i 5 3, R AR TS i Ja 8307 UG OR B 1 A8
A She o A 2 2 T P (57 A% RN A, HLAT Y 7 B 4 a7
SRR PR R BESRARAE A A, 0 T 2 A S i A T
I, AR SCRISR BT BUGAE CRARAH
1.1 REGEFHRIFEIHAY Williams Fik

T HELR SRR ) 2 BB R I i i A% 3 (DL
& 1) AT LUH Williams 25 18 Uil , TRV RS0 i
o3 B X ARI , RSO SRR, BARTE A0 -

uy = irza"{[x +%+(—1)"]COS”70_%COS(71 -4)0 |

TS
v = i%an[[K _%_(_I)H]Sin%e*'%sin( - 4)0 |

n=1
)]
> - 4)6
Uy _Zrﬂbu{["*'%_(_l) ]sin > %sin(n S ) |

I AUz 2

vy = i} 2 b {[k~-=-(=1)"Tco 7+%CO (n —24)0}
()

e RV SRR i 7R T PRZS T R (B-v)/(1+4),
TE TR AR IRZS T R (3—4v), v RTERA L s F1 O R LA R
I Ay L AR AL BR (LIET 1)

Ui
(.0 ]—»Vi
N /
r //
oy = (X=X +(Yi=Ye)*
£ 1\ 0 Yy
j f=arctan (2—"
(Xc,yc) ( Xi—Xc )
(0] X

1 REKIGHHIENIZGS

Fig.1 The displacement field around the crack tip
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Fig.2 The optimization procedure of coarse—fine method
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Table 1 Robustness of the coarse-fine method with respect
to noise in displacement field
N, RIFRURMN AR AR IR ZE Yo BHs
x/mm y/mm X ¥y
4 4.1745 52277 1.1 -0.04 14.14
6 4.1750 5.2375 0.12 0.14 5.75
8 4.1553 5.2693 -0.35 0.75 13.86
10 4.1657 5.2300 -0.10 0 13.18
14 4.1912 52738 0.51 0.84 13.81
20 4.1143 5.4320 -1.34 3.86 13.61
22 4.1875 5.5625 0.42 6.36 3.53
23 4.7228 4.9994 13.26 -4.41 13.55
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Fig.3 Displacement fields of different noise levels
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Fig.7 Horizontal and vertical displacements in 172062 cycles
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Fig.8 The crack-tip position found in speckle image by

coarse-fine method
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Table 2 Comparison of crack length from between
coarse-fine method and optical method

ALK /mm
THFEL AR 2E/mm | AR ZE %
AR | AP
72062 3.6 3.803 0.203 5.6
92062 4.4 4.672 0.272 6.2
112062 5.7 5.586 -0.114 -2.0
132062 7.5 7.368 -0.132 -1.8
152062 9.2 9.464 0.264 2.9
172062 11.8 11.841 0.041 0.3
192062 15.2 15.600 0.400 2.6
212062 19.8 20.055 0.255 1.3
232062 26.5 27.75 1.250 4.7
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Fig.9 The crack tips located in different cycles
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Table 3 Comparison of K; values between coarse-fine
method and FEM

K,/(MPa:v/mm)

TEFEL — AXFRZE/% | K, /(MPa-v/mm )
HBIT | Al
72062 254.90 244.645 -4.02 51.286
92062 273.04 277.443 1.61 32.447
112062 300.55 297.508 -1.01 37.561
132062 335.78 325.673 -3.01 50.470
152062 367.07 339.048 -7.63 28.563
172062 413.02 385.527 -6.66 29.424
192062 468.60 425.078 -9.29 31.146
212062 559.83 573.228 2.39 36.828
232062 716.38 748.186 4.44 43.751
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Research on the Method of Crack Identification and Experimental Verfication

Zhang Wendong*, Zhuo Yi, Dong Dengke, Chen Xianmin
AVIC Aircraft Strength Research Institute, Xi’an 710065, China

Abstract: This paper focuses on a method of crack identification based on digital image correlation method. Firstly,
the basic principles of crack identification method are introduced and a coarse-fine search method which is used for
optimizing the objective function iteratively is established. Then different intensity noises are added on simulated
displacement field to verity the robustness of this method. Then center cracked tension specimen and crack
propagation test are designed. Crack identification method is used to monitor the crack throughout the test process.
Crack length and stress intensity factor are obtained. The results show that this method has little effect by the noise
and can exactly get the crack information during crack propagation process. This study has a high engineering value
for the realization of automatic crack measurement in the aircraft structure damage tolerance experiment.

Key Words: digital image correlation method; displacement field; coarse-fine search method; crack identification;
experimental verification; stress intensity factor
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