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Orthogonal Optimization of Composite Patch for
Repair of Cracked Metallic Plate
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(1 Qingdao Campus,Naval Aeronautical and Astronautical University, Qingdao 266041)
(2 Qingdao University, Qingdao 266061 )

Abstract The finite element model is developed by Abaqus for analyzing the fracture problem of cracked metal-
lic plate repaired with the double-side adhesively bonded composite patches, in which the thermal residual stresses is
also contained, and the stress intensify factor(SIF) is used to evaluate the repair effect. Meanwhile, with the help of
orthogonal table L,(3*), the parameter of the patches,which influence the repair effect, has also been evaluated. The
orthogonal analysis result shows that,in confidence level of 99%, the contribution ratio of lay-up direction and patch
thickness are 68.77% and 29.59% respectively.Meanwhile, the influence of patch length is rarely. Moreover, connect
the orthogonal analysis result with the applied condition,the patch parameter is elected to repair the cracked metallic
plate for the uniaxial tension test. And the test result indicates that the tension intensity of the repaired plate is 1.32
times than cracked plate,and 97.2% of the uncracked one. Meanwhile, the elongation of the repaired plate is 2.24
times than the unrepaired one,and 50.7% of the uncracked one.The repair effect is best when the square patch length
is 40 mm, thickness is 1.2 mm and lay-up direction is [ 0°/90°] .

Key words Adhesively bonded composite repair,Finite element analysis,,Orthogonal analysis ,Contribution ratio, Tension test

0 315 FAEEZ e, P, Bl RIS SE 75 [ 28 5%
FEZER LU TR R, WL L EE L X T EE SRR R RS, B R T

Wk H 41:2016-09-09 ; #&[71 H 197 :2016-12-30
F—VEBE TN BER, 1963 4R 1 2 WA S0, AT 9T CHLZS R 5 A rT ek ik 55 BB A% 4] . E-mail : m2t63@ 163.com
WAEMEA 45,1987 SE AR W A, FEME T & B R SRR IEEE E-mail : niuyongshi@ 163.com

— 14 — FRME T A http : //www.yhclgy.com 2017 4 %31



T g 5 TR R sl 5 /N I X A TE
HEMBHREAE E 5904 IR, BA1E 135
SO REL AR ER DS o A RS
By iHIER E%E ., SANDOW F A, CANNON R K"
R AERENLEMTVE T, 50 24 e 2
SORAR TR 2 A0 A, X 2T ST AT BR O
BATE T/ AR E A AR SEOHE R RUR 15
mi AR R A BROG  , BFSE T SRS 2 )
R XHEE R AR, 5 A R S ) 2
BRI SE T 4 ZEOMHME SR 52, JF 528 T
SR, BRALER B OB TR S
B Fr et FLR 5405 K AR 18 2O B S R A
FI T A0 5 A5 Ay AN A BR B, BF ST T 4b
T SEONME B J5 BB TR A% 57 75 i 1Y 52 e R
MEA SR AT LRI, 5 5 L2 Tl i SEOHB E 3%
SR FZMRT 5 KBS S MW EAEH, &
SCHIFHA BRIC T R ST T 1B 4540 — i 454 1F
IR ATHE T 4N SRR, B S S A AE A
IR T HA R
1 fEE&E/MJLAM R~ R RhEE

BEXS K 3 mm M LY12-CZ 240, bl
P REKE N 10 mm, EHEST BYUBR SR 0 e
iR N EOESR T300/E51, WG 2 i 33% , k2T 4
A 150 g/m” , HUZEREHR 0.1 mm, LIRS N -
15°C PR 6 A H o A PR IERG 2 0 i, (6 2 i e
PERTHUE P EAEER A8 h L, &
BEF RS 1 R

adhesive

Ve

o |
—»A

K1 Ry
Fig.1 Configuration of the specimen
A SREMCKEE H, =200 mm, SiH9EE W, =

FA BT 2 http : //www.yhclgy.com 2017 4F 23 H

40 mm , FAAR R e,=3 mm, REEEH 0.1 mm, F
FAXUA SR AN, AN KB H AN TR e, £
FHZE TR E . SE SRR SRR B
MR EUOLER 1,
£1 FREE
Tab.1 Materials properties

o L/ oy AR T/

E i ER1E 6/
M ' v vy

/GPa /GPa GPa 107°K™"  107°K™!
LY12-CZ 73.8 - 277 033 - 23.4 -
T300/E51 138 97 69 03 0.02 -07 27

E51 2.8 - 1.10 0.294 - 79.3 -
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Tab.2 Factor and level

K- A/mm B/mm c
1 20 0.4 [0°],
2 40 0.8 [0°/45°/-45°/90°]
3 60 1.2 [0°/90°],

x3 EXREITR
Tab.3 Orthogonal experiment plan

R rassy A/mm B/mm C

1 1(20) 1(0.4) 1i[0°], ¢

2 1(20) 2(0.8)  2{[0°/45°/-45°/90°] |
3 1(20) 3(1.2) 31[0°/90°], |

4 2(40) 1(0.4) 21[0°/45°/-45°/90° ] |
5 2(40) 2(0.8) 3{[0°/90°], 1

6 2(40) 3(1.2) 1{[0°],

7 3(60) 1(0.4) 31[0°/90°],}

8 3(60) 2(0.8) 1ifo°],t

9 3(60) 3(1.2) 2{[0°/45°/-45°/90°] }
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Fig.2 Finite element model of repaired structure
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Tab.4 Test result and calculation
RS A B C
1 4 y
1 1 1 1 1 0.34
2 1 2 2 2 0.29
3 1 3 3 3 0.37
4 2 1 2 3 0.24
5 2 2 3 1 0.35
6 2 3 1 2 0.41
7 3 1 3 2 0.29
8 3 2 1 3 0.39
9 3 3 2 1 0.29
T, 1 0.87 1.14 0.98 T=2.97
T, 1 1.03 0.82 0.99 Syt =
T, 0.97 1.07 1.01 1 1.0051
S 0.00020  0.00747  0.01727  0.00007 S;=0.025
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Tab.5 Analysis of variance( ANOVA)

kIR N N MS F
AT A 0.00020 2 0.000100 2.857143
KT B 0.00747 2 0.003735 106.7143
HF C 0.01727 2 0.008635 246.7143
W2 e 0.00007 2 0.000035
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Fig.3 Mean value graph of each factor level
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Fig.4 Tension test results
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