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Stress analysis of composite repair structure of aircraft wing based on
three-dimensional finite element model
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Abstract: At present, the simulation of the adhesive layer in the composite adhesive repair structure mostly
adopts a two-dimentional planar element, which cannot effectively simulate the true stress state of the adhesive
layer under the action of the external load. A three-dimensional finite element model is established for analyzing
the three-dimensional stress state of adhesively bonded composite repair structures. The adhesive shear stress is
calculated under uniaxial tensile loading condition, and compared with the Hart-Smith analytical solutions to
validate the effectiveness of the present model. It is indicated that the finite element computation results correlate
very well with those of the analytical solutions. The distributions of the adhesive shear stress and the peel stress,
as well as the mechanism of the failure mode of the adhesive, are analyzed based on the finite element model.
The present model and the analytical approaches may help the investigation of the load-bearing capacity of the
patched structure and improve the design accordingly.

Key words: composite repair structure; three-dimensional finite element model; adhesive shear stress; peel
stress; failure mechanism

WisEEA: 2018-01-30; fEE HAR: 2018-06-06

SIHEE: [k AR AT =T RAARE 69 78 BIRAE AR T H) HAT[]. A R BERI% A2, 2018, 35(3): 228-232
CHEN T, HAO J B. Stress analysis of composite repair structure of aircraft wing based on three-dimensional finite element
model[J]. Spacecraft Environment Engineering, 2018, 35(3): 228-232


http://dx.doi.org/10.12126/see.2018.03.005
http://www.bisee.ac.cn
mailto:htqhjgc@126.com

#3 M A BT =4 IR UBUR K R IR B 4 IR R R 1 43 #T 229
0 B 80 mm(W) . {45 45 I 42 58 () BSR4 4 B

B B RAT SR T AR PR A SE S, RPRL S5 4
PEREA BB AL, WA SRS B, K 7 S R AT
A AT A IR B A MORLEA H SR
PO & K PO 57 (e 7 s R E AT A 4R
HAZANE B A B8 00 <z 4 ¥, AN R 2 3 B e 4 1) 5l
B, 35 3 G WL 22 e 500 B 3 B0AA I A B rh
FERE G MBI B A R, 2 8% 1% 35 380 (1
TR o N5 W7 SR04 44 10 32 F7 1% 350, Jones!™, Sun®™,
Nabouli'®, #7148 \ SR F = 4k 457 PR 7 A5 284 A543
Ji2 J% e pe e i B 470 2R R B 07 3 4 PR AR
T MR AR AT, R < SR AROR 5 AR A
Mindlin BRRE AL, 1M A2 Ak 71 U iE % F = 4E 44 #.50
RS, (EIZAE TSR IR T — 4T BRI

PRI, FESN TR, R MR IR B B 4G
FE) I AR — o = N IR, o] St DL 47
T BT AR SOUAE B 25 A r 10 2% 2 RCRR 23 LA BE I A2
TARSERRR I 2R . T H, B TR SR
FRIAN I 2 v A K K 2R Y 7 oLk A R 6 A 1 A B
R, B BRI = 4EAT PR T I AR 23 #r s /T
BE. PRIUE, ASCH e = A IR TR, R
MR R BB 3, SRl 5 B i
fREAT XS EL, B pr s AR R B R . DA =4
B RN HEAM, 30 B R o (0 = 4R TR,
NT— MR KRB AR B8 S 4% .

1 HRITAHTEE

1.1 FRgRE

N TAET 3 B vH 5, AR XU g 3 A B 45 M )
PR TE BL, oF S5 R R Al LA S A B : I UG I 4%
iR e 4T, WA AR R840 & Jm IRz 2
TS & T [ R 3R AR o BR AR SR A
Hh T3 RES I TERES BINER 1 .

F1 AR BHEFIRA A RIS
Table 1 Material properties of aluminum plate, adhesive and
patch
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Fig. 1 The geometry of patched specimen
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Fig. 2 Structural model of metallic plate with double-sided
composite patch repair
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Fig. 3 Finite element model of the patched plate



230 TR N 7 N A Y -

¥ 35%

1.3 mEBER

FERERY b g SO 5 s, BT ST AR T
1/4 88, By DA ST ARIL 5 o R — S [ 52, 55—
St it 1 28 () 20 RO OB B S R BEAT N 28, 3T
KANBEN 0=150 MPa, (EFE 45K 130 L) %A

B4 SR EAE PG5 R 1L 2R
Fig. 4 Boundary constraints of cracked metallic structure with
double-sided adhesively bonded composite repair
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Fig. 5 Geometry of cracked metallic structure with double-
sided adhesively bonded composite repair and the local
coordinate system
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Fig. 7 Distribution of adhesive shear stress S, in x-y plane
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y axes
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