%58 % 43 17 S-S D | A = SO SO Vol. 58 No.3
202643 1 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Mar. 2026

DOI:10. 11918/202402019

TR F RFID WE B HREIRE RS

R, W, E A, EAAH
(VHZHRR R H k=B, 754 710121)

W OE: OVBEMAAMEERBERORAR KPR FER, T KA B RAEE R A ETRELYE SR A
e BT ARE, REL MMM TATEEYWEE LA HA HFSS T & LK EFE B, %t 2450 B¢
abé@%r@%ﬂ%ﬂ;%;%k% FH NAZR, A FEEEZELN, BB FRREBRAEERM AT, AR ELEREA
B ooiiRER Y RS R, R R B R R IRAEE, EREY EME MR T, A B X 2 A5 A
R TFHEERZENS dB; ZE AL E R AL v & W w0 A, I T 2% v L@ (B, T AR BT 0 SR I, 4 A AR 1 e ) 2 3
%»@Hﬂzé‘,%f?iﬁﬁ%ﬂt?ﬁﬂmiﬁmmt o EHERBIXNMEEEEEME R E 7 m A LA E AN, R A ER
LB DLB R A S S /N AL R Al ol SO SEAT SE A BN
KW LSRR RA & BRERR; 8RR HE A
FESES . TP212.6 Imﬂm\ﬁs: A XEHS: 0367 - 6234(2026)03 —0214 - 07

Passive chipless RFID-based crack sensor for metal components

SONG Yalun, WANG Bo, WANG Ke, CAO Shengli

(School of Automation, Xi’” an University of Posts & Telecommunications, Xi’ an 710121, China)

Abstract; In order to realize the demand for low-cost and long-term detection of large-scale building groups and to
expand the identification range of the sensor, this paper proposed a metal crack sensor based on passive chipless
radio frequency identification (RFID) technology. Based on the influencing factors such as cross-polarization and
operating bandwidth and a large amount of simulation data on the HFSS platform in the early stage, the paper
designed a sensor model with excellent detection performance. Horizontal, vertical, and diagonal cracks were
constructed, and electromagnetic excitation of the plane wave was used to test the influence of different crack
shapes on the sensing and detection. The position of various types of cracks was changed, and changes in the
electric field of the resonant cavity, current, and response amplitude were analyzed to determine the optimal
identification range of the sensor. The results show that the average amplitude deviation of the sensor’ s response to
structural damage detection is 5 dB in the ultra-high frequency band. The change of crack position will affect the
surface current distribution, which will change the response amplitude, while the structural damage response is
detuned compared with the crack-free response, and the change of crack position does not affect the detectability of
cracks. The sensor is capable of detecting cracks in different directions at any position on the surface of an object
over a full range, improving the identification range and enabling real-time monitoring of cracks with small
positional variations at a high resolution.
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Fig.1 Chipless RFID crack detection system
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Fig.2  Crack sensor structure
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Fig.3 Sensor structure diagram
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Fig.6  Schematic diagram of cracks at 4 angles and 11 positions
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WmE 11 Frs, REALE R 0° 248 5 20k Ik
i PN ERL 37 0 A R ] 28 T 5 W) 60 0 2 T R 9 43 A
R AR % T REL IR A A I IR Y AR AR O Y LR AR
MR B, RCS K F- 5 3G 4R Fe bk & R E A,
11 AN R A I {8 22 4 AR [A) 5 Al 1)
f) RCS i i A1 HE, B 10 H 0° 249K ) i i I 22 5
K OEMRIETERB Q (A m RBE T 4F, WAl
12 7R, 0° 2460 18 I 49 44 2 1T 5 5 B A8 el AR 3¢

JIN KT HL 37 3 AT R W 58 PRI 2 3 R ) A
PERE

HIPE 7 ~9 I 12 WA, 4 AR5 1w % L Y
44 Fp ZLIR1 LA ARIE AR 0K 1Y, RIAL IR 25 BE
UL 60 mm x 60 mm FFEAANR, LITEZYIR
SE R N AR 2 IR 44 FEURTEI R DA 1 dB
W O 22, B 0 4 IR me Jo  5k 6 B ) e £ v 22
AR A B ., o 0 SRR, AR



KA, 55 TCIRTCE R REID (14 i F 11 2R 1% 1 2k - 219 -

4
(
|
I
10

5
11

9

E11 4.3 GHz TEH0°EE 11 MIBHEREBREBRSE

Fig. 11  Distribution of sensor surface currents at 11 positions of 0° crack for 4.3 GHz operation

(c) 45°

(d) 90°

(e) 135°

E12 4.3 GHz TEH 4N FRRRELTRRERSZEZD G

Fig. 12 Electric field distribution of cracked and uncracked sensors in four directions for 4.3 GHz operation

3.3 fFNsERENSEE

R TGRSR PTUR BRI ] S 4% 15 et
PO ) A Ry [ B, X 45 Al s 0 3 FR1 i AT 0 BCAF 5
PLO°HUERE AR R B 60 mm x 60 mm 47 A R <)
46/ 10% (54 mm x 54 mm) K&¥"K 10% (66 mm x
66 mm) .20% (72 mm x 72 mm) .50% (90 mm x
90 mm) HAT 5 E o BT, 13 ATHLFE 0.1 ~
6 GHzIIELIN , B AR R ST 3 DR I 4% J% 285 148 I 431 44 ]
N NS E NI T R N E 1]
SR IR 7 A RS . TE 6 ~ 10 GHz i
P, 2SS 54 mm x 54 mm Fl 60 mm x 60 mm
] AR BB IR AT 5 & 50T KT 60 mm x
60 mm , W JC 2 WL 22 B E R A% o Dt PR R v A1 B
ST KA T AR T Y S SR S R S
IEPRAS IR g, 455 581,0.1 ~ 10 GHz,60 mm x
60 mm JEA B RUR AR IR I S R AT UG

-10r
AN AT TR R e
=20 -
-30F
m \/
2
ﬁ -40r
n
2
-50F
. — 54 mmx54 mm
CIRES — 60 mmx60 mm
-60F — 66 mmx66 mm
— 72 mmx72 mm
” — 90 mmx90 mm
0 9 4 6 8 10

% /GHz
B 13 AESEERTHOHIR RCS bk

Fig. 13 RCS responses of cracks at center of different aluminum
plate sizes

I, JCIS TR 5 1), AR SCBE ) 2 RAL s al
PR AT D G A 9 L A A R 7 B Y B 3T T
ARV O 37 25 1A SRR LA R A 0 A2 e S5 15 D i
7 DX I AR SRR



. 220 - MoK T

X % ¥ 458 %

1) AN TR B 5 R TR) 457 5 ) 49 i 1o 249 S A ]
CHL T PR R A RS DX ST T 1) 0 4 2 T2 s A PN
Y5 B A3 A DA AR 0 4 4R 2 T P 9 1 T B, O T
¥ RCS WA, fitnm i 7= A5 25 5
2) T RCS MR, 15 2% T 44 Ff 249
7 A G TRR A | LK 35 R 453 40 6 DU o 17 14 F- 247 i
Efm2E0 5 dB, /N ATk RCS MR{E A - 58 dB,
12 B8 M 2 S L v LR ARSI PRI R
3>Eﬂﬁiﬂf“7f%fﬂiuﬁ 5T R {E AR fL AR AR
B, LIRS ERBRRUE , RES RSB AS I I P AT 2
ﬁﬁ%%lﬁlﬁmﬂf“ it T T AR ARG I i v
IR SR PR, hy BEATL 28I 1R VA 0 B AR B e $ it T
CIEpE ST % -2

2% Xk

[1]DEY S, SAHA J K, KARMAKAR N C. Smart sensing; Chipless
RFID solutions for the internet of everything[ J|. IEEE Microwave
Magazine, 2015, 16 (10). 26. DOI. 10. 1109/MMM. 2015.
2465711

[2]PRERADOVIC S, KARMAKAR N C. Chipless RFID: Bar code of
the future[ J]. IEEE Microwave Magazine, 2010, 11(7) : 87. DOI.;
10.1109/MMM. 2010. 938571

[3]MOHAMMAD I, HUANG H. Monitoring fatigue crack growth and
opening using antenna sensors[ J]. Smart Materials and Structures,
2010, 19(5) : 055023. DOI: 10. 1088/0964 - 1726/19/5/055023

[4]PALAZZI V, MARIOTTI C, ALIMENTI F, et al. Demonstration of a
chipless harmonic tag working as crack sensor for electronic sealing
applications[ J |. Wireless Power Transfer, 2015, 2(2): 78. DOI;
10. 1017/wpt. 2015. 11

[5]SHISHIR M D I R, MUN S, KIM H C, et al. Frequency-selective
surface-based chipless passive RFID sensor for detecting damage
location[ J]. Structural Control and Health Monitoring, 2017, 24
(12): €2028. DOI. 10.1002/stc. 2028

[6]MARINDRA A M J, TIAN G Y. Chipless RFID sensor tag for metal
crack detection and characterization [ J .
Microwave Theory and Techniques, 2018, 66(5) : 2452. DOI: 10.
1109/TMTT. 2017. 2786696

[7]DEY S, BHATTACHARYYA R, SARMA S E, et al. A novel“smart

IEEE Transactions on

skin” sensor for chipless RFID-based structural health monitoring
applications[ J]. IEEE Internet of Things Journal, 2020, 8 (5):
3955. DOI: 10.1109/JI0T. 2020. 3026729
[8 ] KALANSURIYA P, BHATTACHARYYA R, SARMA S, et al.
Towards chipless RFID-based sensing for pervasive surface crack
detection [ C ]//2012 IEEE International Conference on RFID-
Technologies and Applications ( RFID-TA ). Piscataway, NJ: IEEE,
2012 46. DOI: 10.1109/RFID — TA.2012. 6404565
[9] DEY S, KALANSURIYA P, KARMAKAR N C. Novel chipless
RFID high resolution crack sensor based on SWB technology [ J].
IEEE Sensors Journal , 2020, 21(3) ; 2908. DOI. 10.1109/JSEN.
2020. 3028296
[10] MOHAMMAD I, GOWDA V, ZHAI H, et al. Detecting crack
orientation using patch antenna sensors[ J]. Measurement Science
and Technology, 2011, 23(1): 015102. DOI: 10. 1088/0957 —
0233/23/1/015102
(11 ] Bt & FET oty R AL s I 47) 1A 9 45 4 SR 80 e s 1%
5[ D] BB BB TR, 2019
MAO Yanfei. The study on crack propagation monitoring method of
steel structure based on microstrip antenna sensor array [ D ].
Wuhan ;: Wuhan University of Technology,2019. DOI. 10. 27381/
d. enki. gwlgu. 2019.001118
[12] MARINDRA A M J, TIAN G Y. Multiresonance chipless RFID
sensor tag for metal defect characterization using principal
component analysis[ J]. IEEE Sensors Journal, 2019, 19 (18) .
8037. DOI: 10.1109/JSEN. 2019. 2917840
[13]YAOY, TUNG S T E, GLISIC B. Crack detection and
characterization techniques—An overview [ J ]. Structural Control
and Health Monitoring, 2014, 21(12) ; 1387. DOI; 10. 1002/stc.
1655
[14]AZEMI S N, MUSTAFFA F HW, JAMLOS M F, et al. Frequency
selective surface for structural health monitoring [ C ]//I0P
Conference Series; Materials Science and Engineering. 10P
Publishing, 2018, 318 (1) 012033. DOI. 10. 1088/1757 -
899X/318/1/012033
[15] BRUCIATI B, JANG S, FILS P. RFID-based crack detection of
ultra high-performance concrete retrofitted beams [ J]. Sensors,
2019, 19(7) : 1573. DOI: 10.3390/519071573
[16 ] DEIVASIGAMANI A, DALIRI A, WANG C, et al. A review of
passive wireless sensors for structural health monitoring [ J ].
Modern Applied Science, 2013, 7(2): 57. DOI; 10.5539/mas.
vin2p57
[17]DEY S, AMIN E M, SAHA J K, et al. A brief overview of chipless
RFID sensors with EM transduction [ C ]//8th International
Conference on Electrical and Computer Engineering. IEEE, 2014
765. DOI. 10.1109/1CECE. 2014.7027013
[18]JLYNCH J P, LOH K J. A summary review of wireless sensors and
sensor networks for structural health monitoring [ J ]. Shock and

Vibration Digest, 2006, 38(2): 91. DOI: 10. 1177/0583102406061499

(B8 Twew)



