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Fig.1 Skin structure with hole edge crack
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Fig.2 Basic framework of intelligent strategy for the inspection and maintenance of skin cracks
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Fig.3 SGBEM super element-FEM assembly method diagram

BARZITIE T LURE A s R AR S5 K Wi R 77 22 ) L, (H2 TR0 7 I A
i BRI R R R BN 58 A 7, I R ) B iR A SGBEM-FEM
SRAFEAS BEATBER A 2 G0 e P AT XE LA A ) S5 PR R o PR AR o v DR L
R R TRI A, £ DR B S BRAR SN 2 B0 DR 3 P ]I ) AR il v S ] A 4
fiffioRo UL, 8 7 PRIE ARG FAIN 2, F2E SGBEM ji #iot-17 R
TOREHCTR A Al b, MR 5% N AU R T 2 (T B B A R, LA RURE AN T

(1) TEZLLCTRERGY FRRE 2 L STRE AL s TREA, 45 R AR B 45 My
AR RS

(2) XA BRI o, {61 SGBEM HRHIE- TR A
BrER T REA BULTR AL (BT SRE T i

(3) DABLLOREARZ Ml RN, IV H B33 B B 1 S, P i
207 G B 2127 B R

B R SERE, WAL o, WA o

TR HRE R T Kopse_a o ARTIEIR [RIEAT AL FE Ao of 87 [ 37 77 B8R J3E [R] 7 A0 A2
AK R A H

Ao
AK =K —_— (2-7)

— "“hase-a
base

2.3 HTREG & it sz D 4
N T REM LR G 25 FE BT RAN E A 30 R AT R IURE R, 3 IR R AES
B LA IANE 58 BRI 3R BTV o DU 307 D0 2% 5 RE A% B 1 &% b ANl 8 PR TR R 415 R



B 0T . 76 DR e, BENUAS TS e, A 2 [ et 2 A
BRFREY. N T EERA R [ 0 OB A8 R GG, 45 DU 17 0 4 76 e 3 -
R A—AENA TG . 6T TR, 24 BN RS F et T3 —
BR300 BN 2478 50T 8T 45 5 0BT, 33 DL B B L 47 A i
TR, T AR A AR B A 2
FA T 2400 R AW 03 2 DL 457 A 2 45 95 /2 )
(1) F5: B RO BERSRNT, WARRAS S I R 2-5)0 X, g2
G347 T
(2) LG AR EEMRRARI, E B X, (R, 5%
FEURE TR ST X, (KRR A 47 DI S 5
FAF- 24600 I A W7 102 DU BT R 25 1 P 4 7

B 4 FT2RE807 & 3T 132 DU 2

Fig.4 Dynamic Bayesian network for the crack growth analysis
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Fig.5 Intelligent inspection and maintenance strategy for aircraft structures
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Table 2 Parameters for the numerical example
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Table 3 Setting of relevant parameters of the three specimens
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Fig.7 Crack growth histories of three hypothetical specimens
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Fig.8 Crack length evolution and intelligent inspection/maintenance scheme based on the first
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Fig.9 Crack length evolution and intelligent inspection/maintenance scheme based on the second
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Fig.10 Crack length evolution and intelligent inspection/maintenance scheme based on the third
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Fig.12 The update of the probability density function of Ak, by inspection results
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An Intelligent Digital-Twin-Based Strategy for the

Inspection and Repair of Aircraft Skin Cracks

Fubin Zhao, Xuan Zhou, Leiting Dong”
(School of Aeronautic Science and Engineering, Beihang University, Beijing, 100191)

Abstract: In order to ensure the safety of aircraft structures, inspections and repairs
must be rationally planned based on the analysis of fatigue crack growth, which is
affected by various aleatory and epistemic uncertainties. In order to effectively
consider the influences of various uncertainties and track the crack growth process, an
intelligent digital-twin-based strategy for planning the inspections and repairs of
aircraft skin cracks is proposed in this paper, by fusing the predictions by physical
models with ground inspections. In this strategy, the reduced-order fracture mechanics
simulation, the fatigue crack growth model, and the crack length inspections are
integrated into the framework of dynamic Bayesian network. The strategy
comprehensively considers the influences of uncertainties from the initial crack size,
crack growth model parameters, and pressure loads during flight on crack growth, so
as to dynamically adjust the inspection and maintenance intervals according to the
probabilistic damage diagnosis and prognosis results. In an example of an aircraft skin
with a single-edge crack near a rivet hole, the intelligent inspection scheme is
demonstrated for three hypothetical specimens with various initial crack sizes and
crack growth model parameters. The simulation results show that the proposed
method can effectively control the uncertainties from various sources and track the
crack growth process, which may therefore provide a dynamic inspection and repair
plan for the cracked aircraft skin.

Key words: aircraft skin, crack propagation, uncertainty, dynamic Bayesian network,

digital twin
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