L 2% Bl 1R

Aeronautical Science & Technology

Jun. 25 2023 Vol. 34 No.06 1-10

EV R 1 1 iy (g F 58 308
S e B b S v 1 R

rﬁlﬁﬁ%‘ XL SROE A W, T

38

VU 2EAZ I RAE BURESHITRE SHeahE 5 i 9cgas, Beph V44 710049

2 i ks — L HFsEle, B V64 710089
B OB ORAREEAFAGREFEARETEE

E YV EEL LS P

Y B AT R R B LA R e = X EN A,

LK E B R AR
Tk%ﬁﬁ?&if‘%ﬁnﬁfhﬂ%ﬂ’ﬂﬁfﬁ%%ﬂ EGHMEN R BN . ACE SRS B - KA, 5B
MR mANE T F SRR BN = KR W

AR RA BRI

VI 5 B T Y kB R AR
BAT L PR R M H 2, R, AU
RN RERE RO ERBEURBEERE. &F,

R T MR R KR, AR REAE S EE NIRRT RGN ARBHEESH,

SR 60 R AR LA AR

RES%ES:V219 EkRIRES A

TR H 2 SR T I 5 SRR 2 1 IR S
P, ROLTHZ T T2 A2 b A Re AL, X AL+
PRVE G T R R AN R R KA TR A K
AR ASE, BEAE TS MBI & 25, B LK 2
Hu A A A AR R B R 2 A P B 1T A2 B AR AU
LG 4 @ AR BN 2, ME LTINS 4h , KRR
KHLE LTI AL, 75 A T2 ARG A | I it B 46 7
BT . A& GeA A A b )y sAFAE [l B Ji B B2
F FERHE (52 AR BRI 2R 25 2 1) A R B AT 22 1)
R, DR IR R T B, R A S BRAE L 12 W T
Wl i 7 B R o SR A VA 45 b (0 22 A P R a] S, AT
Kbt EA TR EAE AT AL 5 FH 34, BI85 4 fdt o
MHEA

MR S AR (R WA 5 — A BT R AL T
R BT RGBT R %P, By
ATTERGI S5 R4 1 4% e 0o 45 I e s A e 7, HEv 3 3k
B AL T RGBS B TS T R G T

B R o FHR 5 R 2R

RFSEEA: 2023-02-24; BIEEHA: 2023-04-11; RABHA: 2023-05-09

s WL ATET; LLPE Rl B AT

DOI.10.19452/j.issn1007-5453.2023.06.001

F T AR 3 AT T PEAS A RS . ARl AR
T ldn T RGP Bt i B2 Y L R e Jo AT
Xt e WA A A e VRS2 . R, AR a1
SRS AL (B W B SC B TT A, A I R B W TR
I T 2 7 20 ) i B B 0 5 A PP F T A b i) 1 Jes
T TR G AL AR DG ML SR P R A% IR
AR o H X S AR SRR AR RIS R M b B A
FEAETE Z BRG], U2 I8 I 268 B s A O TS R TR A
T 22 5 TR | SR 200 1 X LA 2 20 g i A 22
SR A R U BRI B Sy L R, AR BT B £ TR
Al 55 2 TP ROB UL B LA A2 S PR RBLAS AL (e M
IR K

B[R LB A SR — B R BT T B LT RE ROR  BE
B SCBUCTAAR AR IR Al P i L7 Al & fh T
AR A SRR B ARy (4, L3
i PEREDE S , 72RO R 7 R FHRE HE ™ % s
SFHURHERA ) IZ I o M TG R AR R

HETE: BREANFES(51175404) ; MRS E S (2016347003) ; BRFTAESAAITRI(2018ZDCXL-GY-03-01)

S| &I : Xiang Yuyan, Liu Mabao, Zhang Yanjun, et al. Resarch progress of printed sensors and their applications in aircraft structural
health monitoring[J ]. Aeronautical Science & Technology, 2023,34(06): 1-10. [GfFIE, XIBE, KEE, . EIFIEREESHVHFFHE
REFE K EHER PRI J ] ESRIS#% K, 2023, 34(06) : 1-10.



LIRAEE L P N

Jun. 25 2023 Vol. 34 No.06

LTk, BRI AR I R P S 4T ED 22 MATEN 3D 4T
EVA Se it BRI B AR ELAE A AR A} b R s P SR DA
RO A, B B AR TR ARG | AT A i — IR A 5
PEaR, T2 MR o LA RE A S I LA Ze i by st o]
i, SEBUOCHE AL B S R R N , RN TR AA) i B
I ST AT 5 18]

ARSCERIA T H L R P et ) i P ok P 199 i 280K
I T 20 L R AR TR AS A SR R I B AR, B2 T B
il A2 SRS i 2% T IO T 7 A TR e ) P

1 BFEDRIEREEHIERISHBEK

Ef i L —F- 5 AR BT o8 FH 1745 Pl B 7K 2 B 5 i L o
H R A IR 1 L 3 DA A PR T LA PR B 3B 1 5 1
B KO BV AR i i R U AR . W AR S
B oK — e Eh 4 A2 504 B VR0 AR S IR - i A
R VAR RV A R S N, R Y S e AR K
FEW, BRI BT R R S e R AR K
TE 5 77 25 22 ot S 200K S Fi B8 K 2 A R e — R A
TR LR A T T SRR B H A I B 25 B R (AN i
Ve HURTERESE) o LUK F SRR3R (i G R
LS FL A PR B E T BRI AL B I 2 1) Tk R e
W, AR K P R Ay . AR T O (AR TR
H i B A% S i 1 3 1 5 AR OK E 2800 b &R S
BROK R G HL B K DU R A T sk =
1.1 EESHBEK

H I, 48 5 AR K 9 S r DR 2 20 4 B A R
o & VBRRT T RA R A R SR, By B
RUEERH 4R 2R ORI A )
1.1.1 4 (Au) S HL 280K

SRR T R TR R 0 R AR S AR e MY, 2
S L URE Y S A 22— o Tl A% L SR K BT T A 4 A oK
UL R 223 3o 6 75 I 8 25 I 125 B, 2 TR AR A TR
B ZBERIAT , HOAT DA A A R R A SRR iE S
KIBL 20, BGRB8 W & il o
SRR BT . BT — S A R
T G AR T I SO LR U7, S 18] 1 (a) Ry 4 9 KR
FRTHLBEER 5 B 1 (o) S s FH A g AR L 22K Y
AR 1 (o) R HA S A UK Z R 28 3 B RS 1A 1
(d) R BT GUORE NG A KR BRI, N. V. Godoy 25!
KR ARG T S 90RER, IF LA A 5
r il £ el BBOK I R L BROK AT — @ M R R E M . He

Hui S5 IBE H — R 595  FELTAER NS Au L SK A
RAF Y S PR 2P RR e M, (EA LA B B 5t 5 it BR 6
TETEENR] L T HOR U IR H] o

e
G Avt (8

hea 1" heat "-iﬁ
‘ Brcse

(d) Aufffk AR T Aud KLk
Vo - -
LU R YKL Y

BT e SRR FE L]

Fig.1 Research examples of Au conductive ink
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Fig.2 Research examples of Ag conductive ink
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Fig.3 Research examples of carbon conductive ink
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Fig.4 Research examples of polymer conductive ink



LIRAEE L P N

Jun. 25 2023 Vol. 34 No.06

KA Fa g2 e R A9, 1. Gouzman S5 AR B 2,12
CLR OG5 1 AR il 45 HY T 3D S I IV i 5 S fL AR K, X
ny DIPT S H, 247K, 256 §1E BH DIPT EP il 7= b HLAA KA B 5
B A WU B AR, B —E R JRI T .
X} bR = AR ST G B K TG e R T R BN
g5, 031,
®1 SHEBK

Table 1 Conductive inks
A s Bl
S/F | FHMERRILS S 2R KLF-5 A5, ) 3 FE e
R AR A E g M MER TR ZEEN, ok
EHW I LAERELF PR AR A RE A R E

2 ENRIMERAERIHIET X

FI, EL2AT AR VR F R S8 T f AR il 5
AT ST ED 22 [KER R 3D 4T ED |1V J2ED R 1L % S K 2
5 AR F i BRI RE S BER AT TR, &
ELOR UL SRR b, ISR T O B IR 1 ok DA 2K
10 SRR AL, T 2 0 BB 5 22 35 B 10 L B K
ORI . ASO HLAES TR AR ARk &
FRIB SRR, W32, Horly, 6 EVR) e R LS T Be o
PR FEAT ISR ED 22 R ERFH L I 3D FTEREAR i
E B AR TS

&2 EDRIERRESHIERA

Table 2 Manufacturing technology of printed sensors
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Fig.5 Schematic diagram of inkjet printing
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Fig.6 Schematic diagram of screen printing
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Fig.7 Principles and research examples of additive manufacturing
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Fig.8 Examples of printed sensor for strain monitoring
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Fig.9 Examples of printed sensors for damage monitoring
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Fig.10 Examples of printed sensors for temperature monitoring
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Research Progress of Printed Sensors and Their Applications in Aircraft
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Abstract: The printed sensor is a sensor that uses printed electronics (PE) technology to directly deposit patterns or
circuits on a substrate with conductive ink. It has the advantages of low cost, easy operation, and large-scale
production. Thus, it has great potential applications in the field of aircraft Structural Health Monitoring (SHM). In this
paper, according to the classification of conductive particles, three kinds of conductive ink including metal, carbon and
polymer, are introduced. Then, inkjet printing, screen printing and additive manufacturing for manufacturing printed
sensors are introduced in detail. Three typical applications of printed sensors in aircraft structural health monitoring
are also reviewed, including stress/strain sensors, damage sensors and temperature sensors. Finally, the
development of printing sensors is further prospected, which provides useful reference for the research and
application of printing sensors in the field of aircraft structural health monitoring.

Key Words: printed sensor; aircraft structural health monitoring; printed electronics technology; conductive ink;
inkjet printing; screen printing; additive manufacturing
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