WFE X

FIS MR E#&, Bk, MEZ, F. H B LA B35 WA JEFAE[]]. AL #] 2 37 K, 2026, 69(18): 25020413.
WANG Yan, JIANG Hao, LIU Rongxing, et al. Monitoring accuracy of crack sensors based on intelligent coatings[J].
Aeronautical Manufacturing Technology, 2026, 69(18): 25020413.

BHER R RSB T R

F EE OELUREBEK,NEE "
(1. B2 368 K5, % 710049;
2. BETBRFALMAREEREELENBELE A4 LB EEERT,HE 710049;
3. B E b £ AR R A R IR A R 8], F R 401329;
4, A T 5 — R ALK AR AT, 5% 710089)

[(fZE] s #ﬁm%ﬁimﬂ%&ﬁmz%#/\& 5 IR e Ao Tk, T 25 At B MR R GE ALK — B ARe) R4t
FH, BRFEFERERBLEREN AR @B ERRAE B ERSA, &M E SN AR A T B8R %H,
AR TR BiG L , & i & T mA A SRR BN A ek B RS, Pl R RIET
H R B g F . i@ id COMSOL Wi 45 A B T 45 B 35 09 TARALIE . AR 01 7 & x4 LR B (L P o
B AR AR BE AR T @ A ) TF R o7 B aX e, 25 R AN, A2 P8 UMK IS P, A & B -F 35 K 0.57 mm 89 e
MW FIREH0.15 mm; EERK I 2RI P 3T KE0.67mm e LM Fi2 £ 4 0.17 mm, Ao Wi TH &R
Bk R AL s sl Ak

KEBIR: LM R R AR R SR R o K e R

FESZES: V26;TP212.9 NEkARERS: A DOI: 10.16080/j.issn1671-833x.25020413

Monitoring Accuracy of Crack Sensors Based on Intelligent Coatings

WANG Yan'?, JIANG Hao’, LIU Rongxing*, GUO Weiyi', LIU Mabao'*
(1. Xi’an Jiaotong University, Xi’an 710049, China;
2. State Key Laboratory for Strength and Vibration of Mechanical Structures, Xi’an Jiaotong University,
Xi’an 710049, China;
3. China Merchants Testing Vehicle Technology Research Institute Co., Ltd., Chongqing 401329, China;
4. AVIC The First Aircraft Institute, Xi’an 710089, China)

[ABSTRACT] The structural integrity of aircraft is a core element in ensuring the safety and service life of aircraft, and
structural health monitoring (SHM) technology is a critical means to achieve this goal. Intelligent coating sensors, with the
advantages of lightweight design, full-surface coverage and in-situ monitoring, possess great application potential in the
field of structural health monitoring. Based on the damage concomitant effect, this study designed and fabricated two types
of intelligent coating sensors with high-precision crack monitoring capacity, and their performance was validated through
precision tests. The working mechanism of the sensors was verified via COMSOL electric current field simulations. For
precision verification, fatigue loading tests were carried out on component-level specimens (a center single-hole panel and

a large opening panel were taken as examples). The results demonstrated that for cracks with an average length of 0.57 mm
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in the center single-hole panel test, the measurement error of the sensor was 0.15 mm; In the large opening panel test, the

measurement error reached 0.17 mm for cracks with an average length of 0.67 mm. The results fully verify the high-

precision crack monitoring capacity of the sensors.

Keywords: Structural health monitoring; Intelligent coatings; Crack monitoring; Fatigue tests; Measurement accuracy
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Fig.1 Schematic diagram of sensing layer structure of intelligent

coating crack sensor
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Fig.2 Schematic diagram of working principle of intelligent coating

crack sensor
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Fig.4 Dimensional drawing of straight-strip intelligent coating

crack sensor
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Fig.5 Schematic diagram of magnetron sputtering principle
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Fig.6 Intelligent coating crack sensor

AT T R R 2 2L 8L IR 1 Hh oL A LA 55 B B i
KIF FRES , XG0 A 7% 57 Iin 2k, 7 e 4 () G
BB L RE TR E L aUL IR, FH T S s Wi 4 a5 A
F A i, Sk H LA W Y 2 K GO e i RE o it
XiF EU Y REVR 2 2L AR M B W S s K B DL R
b S I B ) SR PR REVR 2 B Tk
P AV DS B A T 36

2.1 HULBRFLHGKISIEIE

(DAL LRR IS AL SR ST .

HL LGRS RER 6061-T6 55 A4, AL
SRS AR S5 R R AR, % 57 PR RE B A T HL 58
2 ARIRLE T T TR T, OB fLARAE A E
B, RO 2 5% E K ik GB/T145—2001,
Ta & H 40 mm, JEE S mm, FOFLER R 5.5 mm, i
B A AT B A 50 mm 4 e 3 , IR~ P R 4 52
I an 1 10 Atz , 76 R FLAR 22 26 (5 L 7R RE T )22 4 8L
RIS

(2)iR g

B H B AR RS 1, T R 3L T4 BB VR SR AL IR
o B S8 AR S ORI G a0 R 3 U, IR 11 TR .
K P FL A RE U 2 L S0 I AL SR 2 2 A W R
(K 11(a)) , T84 MTS—-880/25T H, ki il AR 7 fig ik e ML
X B G I A 798 55 AR (e R T S, =2 KN, B
J1H R=0.1, R FEH 2R Jg 4 Hz, 4817 3 T 44 e IR 35
JE 9% 57 5 8 KA e A LA ROST A7 B0t I dl a4
TR B8 F 5 L 3 AF R e B T R S5 I A S
B A2 2 K G B4 4 ) [R) B R P A 2 W 8 4 6 i
T2 A5 S Y L BELAS 5 S W, S AL TSR 5 5 R
RIS B S L A b A, 1 AR R W AR i
WA A R . 15 A K 2 5 78 A i
IR 6 T 25 F (R A 100 T RS B RE VR I AL IR AN L 18
F DPT-5 % (3B B i R B F b AT B i, 2
Ji 3 3 Tl CCD Ha - 40047 . fol 5 0 e 4 g L S K
IEXT LU BE TR 2 15 IR W I B ) B B DA 56 e

.20

NS0 0.05 mm 4y
6

z _ 2 l =1V
KLx 0 mm
e
E7 BEXBETRKERGERSFTHEEE
Fig.7 Simulation model of straight-strip intelligent coating crack

sensor

20264535695 55 181] - HLlELIA 133



‘_’i’ N »
Hltﬁl‘tex RESEARCH

»
—_—

ccococoooooo—
— N WA ULNONJ00 O

4
(=]

(a) RECZFRIH VR AL A 22

»
—_

cooocoooooo~—
— N WALV IO

<
(=)

(b)) L5 55 24K da BH A 22

»
—

cococoooooo—
WA WV J00 O

<

I
I
I
:
(o) BrHt MM

cococoooooo—
— N WA LN J00 O

<
(=]

(d) BL0ZFL 55 A HL B AN 22

»
—

cocooooooo—
—NWRA WV J00O

(e) RECZFRLH S AL A2

»
—_

cooooooooo~—
—NWRARWUVOA IO

|

(f) RBCEFL A oA Al 22
B8 BHRGAENRUERBRYY RELE
Fig.8 Potential distribution of intelligent coating crack sensor

during crack propagation

134 st BB HAR - 20264F 55698 55 181]

120.00

A\ 1

119.98 -

0.06 |

0.04 -

0.02 - JA—F__I___

0 0.5 1.0 1.5 2.0 2.5
K /mm

9 TBEERERUERFERESRYKEME

Fig.9 Curve of resistance versus crack length for intelligent coating

FL ELAEL/Q

crack sensor

2
\\v\))‘
JEJES5 mm 2
23
K
: L
R 2 8“&1@Q\
v
250 mm

(a) BRI

(b) BT
E 10 Bl Ke G

Fig.10 Center single-hole test specimen

BRI G EAS E R B AW 1 mm DLN RS0
RETT.
(3R 45 R K bt o
ARYGR K B AL TE 3 R LR B A TR
REURZ A BUE RS, 2 B 3 46 AR A 9% 97 1K 50
REEE R A 12 R .
B IRAFFE 7~ S 5 P Al T S B ) 4 15
B RS BEBWR IR 1 R
IR0 25 R TR, FEAS U b B LRGSR A T e 1
B RETR 2 B L B RS B B0 E U | A5 B I e R
LS AR B RS- 2 5 154 25 247 0.15 mm, 34~ [RI£L
AU B IR Z AL IEER W 2] T 1 mm DL N 2480
A UL B IR LR RE VR 2 4 05 Jits B2 W 1 mm LA
WL RE ] o FEIR G %) G5 B FL R o7 42 2 [ L 7Y
BB )2 A OUE IS T Sent Wi sy A4 59,
YOUE 1 H LA W Y 22 K 20 ) 4 2 ()
2.2 EERRKFF ORKISTEIE
(1) BEMCRIF H IR0 B8 54 R 240 .



‘—‘? v »
RESEARCH Eltﬁbtex

BEM R TR IS AR R 2024-T351 494 417,
Fa BN 100 mm, JE 8 4 mm, K JE 4 470 mm, 5614
ARG R 10, 96 o 52 mm, K F 8 130 mm, ik
o1 1 13 ﬁﬁ 16 TT LR 24— P R
IRIZRBNE I

(2)&@7?

TR TP 1 TP AT 20
{2 1 2 KO L SR 0 0 T R 3 0 B

(a) LI

) B AR A A B

AT R R 2 2L 0 W I A R i 22 e AE WS DU R AL, A%
JE A AN 14 (a) TR 5 38 F MTS—880/50T Hi ¥ 1+
JIR T e g FLRT T 22 2 1 7 A 78 55 i (e R
ﬁ%f%ﬂ%mﬁ%kmm%ﬁﬁ$ﬁ4m)WE
14(b) FIT 73 5 [ B 701 FH 7 4 000 00 188 4 X8 e TR J2 24
A 1 FRLBELA 5 S W, 4% AR 5 s i
1 IR L0 58 b 2, R IR 4 W 2R 4 1 ) K
PR ARGKE, MR ASKER, AR

(c) Tl CCDYU B M5

11 A BrLE A E

Fig.11 Test setup of the center-single-hole specimen
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Fig.12 Crack measurement images of three test specimens observed via video microscope after development
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Fig.13 Large-cutout panel test specimen
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Fig.14 Test process of large cutout panel specimen
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Fig.15 Crack measurement images of three test specimens observed via scanning electron microscopy
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Table 2 Crack length data of large cutout panel specimens mm
I G SRR IR E | T BRI R REOKE | PSR MR SR R 2E
1# 0.4 0.7 0.67 0.3 0.17
2# 0.5 0.5 0.67 0 0.17
3# 0.6 0.8 0.67 0.2 0.17
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