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Abstract: With the increasing number of space debris and the increasing complexity of spacecraft missions as well as the re-
quirements for adaptability to extreme environments, the operational status, damage diagnosis, life prediction and reliable safety as-
sessment of spacecraft structure are particularly important. Operating as an effective approach, spacecraft structural health monitor-
ing obtains structural feature information through sensor systems deployed in the structure, analyzes and evaluates the structural sta-
tus through algorithm processing, thereby ensuring the safe and stable operation of the spacecraft at all stages. This paper focuses on
the key technologies of spacecraft structural health monitoring. Firstly, from the sensor end of information acquisition, the technical
characteristics, application status, current problems and development directions of optical fiber sensing, acoustic emission sensing
and surface acoustic wave sensing are reviewed. Then, the research progress of sensor deployment methods and diagnostic evalua-
tion algorithms for information processing is introduced. Secondly, the development trends and main challenges of spacecraft struc-
tural health monitoring are summarized and prospected.
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Fig. 16 The Passive Acoustic Leak-Location System(PALS)>
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Fig. 17 Schematic diagram of the two-stage sensor array

of Beijing Institute of Spacecraft Environment

Engineering

B 18  dbw T2 IR AR R AT AR 0 R AR ] R 48 £ AL
Fig. 18 Host of collision leakage detection system of
Beijing Institute of Spacecraft Environment

Engineering

2018 4F, KRR 7 1 FE 7 2 AR
PR SIEOR, BEXS AN [R) RS ) Bk 21 4k 1 558 2 S0 B
g S5 b RHIR A R RE A5 M, BRI AT T A
AT Dy, XS R4 ad e v B P R A S AT A
PEoRAE | B SRR ARG, 0B 2 T BF R A5y
DI B A LA . 2020 4F, JEATHLE
TARERITSE I Y F B LL AT AR T R R, e
WEHLIR sh 3088 & 7 & 4R 5 SR sh 8 Z [0 19 2
BORR, faR 1 C/SiCHEAMRHERIYLR ) o 44
DA A
2.3 HARESERTGE

ALK ARSI IR 2%, 7 R SO T i
4 1 X AR 1T S MR A Y PR E I R UK
YAV A Bl AR 7 A B v i R B R 7 L R A
MBI A, ECR S SRR,
JEHAE AR B A B Be, {55 IR EL LS, ke X
WK o BEAL, LK e o 7R 52 TR 23 A i R 5 A
AR I AR e i vl AR S R O M RE AE R
SN SN By A Az aB Ak, B RO A
BhES, PEE RS MRR W, A
K] 2R B EFR S B 210 bk, A
J I WAL R i R vh 5y e A A e 40 5 R B
G 22 AR SIS RO, A 4 3 7 K R X LA
AL BOR 2T SR AR o

RS b IR PR, P S A R S M e
M PRI S RES W DB, Rl
AR N TR BES MR TR 5 2B
R & R AR AR S AL A, S LR B
AR AR O R A S SRR, 45518
) LA R 55 5 T OB REGE e, o
TERUIRSE I SE AR BREE F7 o RIS, I AR 70 5 il
SR RES RO B R R R A R A i iR S
75 (5 S X g PR RE RO . 2P, M A
E2W SRR &, RTREAIEE, Sl
TELAR T AL B S B0 00 28, AL 45 F R A% 75 i O
A A A RN, O R AR AR B 5 AT 55 AL
pUE i Sl AR

R B it A i A A S . R BOA SR e
FE L Z GG G R, RS EARA
RO TR BRI L R A A A8 AR A AT 55
OB, R A A A A e ) 22 A B AR It
LSS E 8



10 - TS, MAREHRRENSEARARAR

5 46 B 3 1)

3 FEREHEBRKRAR

3.1 MEMS 5= R H B ARHFIE

75 2% 1] J (Surface Acoustic Wave, SAW)f% g%
FEARAE Ny — b 7Y (1 T 26 TC IR sh B =2, 3
F 1R LA SRR 2 5 S S ek, KRR
T R T AL A S R ARCR AR T . SAW &R 48 =
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Fig. 19 Schematic diagram of passive wireless SAW sensing

system
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Carbide, SiC). A fL4" (Aluminum Nitride, AIN)%§
AR B A MEMS-SAW 1285k A1k, B &1
R m e, M TGRS 75 R LR
G5 RUBE T /NS e IR W A% 48 05 AN AT 3k B
SE X, B TSGR R T,
W2 S A R R A HIAE
G2P i, DEREICE IR EEARE
o R A A BRI 35, R AR AT 9 A

B X AT T e A R e IR A e R I,
HEERBRBE 5 & WL S5 M, (B g eIt
HLF LR R G TAERJEAE 350 °)CLA T, kK
W1 TAEALE 1 000 °C 1 2% 11 A% i 1 B PR B84 H AT,
[f] [7] 500 °C LA L) MEMS f& &4 B 8E, T Z A 4
2k 4K I 1k (Silicon on Insulator, SOI)., % 5 f1 I hf
(Silicon on Sapphire, SOS). #k 1k ik SiC. & 1k
AINZEWS R I, SAW fJERES HE HL LS A RHE
TR ) OG5, R BRI R i TR AR A A AN AL
LR BAEIS AT RE /N, DL ML RS A R BN B 3t /s
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N, WF TN B — i BE i R B B (La,GasSio,,,
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Table 1 Comparison of typical acoustic velocity, electromechanical coupling coefficient K, maximum operating temperature and
main deterioration causes of common piezoelectric materials
Ji BB R HA v(m/s) HAY K (%) R TARRLE(°C) FESEALE A
LiNbO, 3500 4.5 =300 IM(LI 5 R)
Li,B,0, 3500 1.0 ~230 BT RS
a-Quartz 3200 0.16 573 A
GaPO, 2400 0.29 ~933 AR
AIN 6 000 0.6 ~1 040(E%%) 900 °C %1k
LGS 2740 0.44 1470 IS

3.2 MEMS-SAW L F

SAW H AR F Fn] LB W2 20 tH2d 70 4548, 3€
[E Environetix 23 7] PR e LA #I5- EVHT-100 G

LICVR = i SAW fE A R0, ARfE R 150 °C~
900 °CHIMLEE , Z ARG EAEEE R 10 °C, Rl
22 TAES00 h, MK Carinthian Tech Research
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Fig. 20 SAW sensors used to monitor the health of turbine engines at University of Maine
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Fig. 21 High temperature resistant SAW sensor film structure and testing
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Fig. 22 The structure and physical picture of the SAW
resonator of the University of Electronic Science

and Technology of China™



<12 - HiETE, MRFEWEE

MR AR R R

5 46 B 3 1)

2021 4%, o db oK 24 A 5T 1A BACOSE S ik i i
AR, VIR AR AL, R E R
5% A LGS B, W& ATk 1100 °C~
1300 °C, WA 23 fros, W56 0F 7 2 4 0
SR EZ R LR, WO ST T iR A R
HJE FE S 25 A AR, SCae I . Ak A v R X
e U RS PR W R R, X A R AT SR R

LD BEAF o TLIR P SE N AR R i L
ARG K&, K FH SAW & JBBE A 1R =g 45 46
B, BEMR T I JCLE EEL N R
g, et T W-TSA2G B Bl Ak 7= i, % i 5
T3 S il 0 °C~350 °C, LA B £2 °C (125 °C LA
T fE 4 % 433 MHz,

45 °C),
50 MHz.,

w9 KT

i ] N . Aglent Technolgin  FSOSTR -3 -
. ot T =
3 | Senso { e FH
i EEE
. 8 X -
DT | Reflectord BT ¢ =

Agilent E5061B

—
LGS IDT AIN

Muffle furnace

B23 b XS SAW B4R 25 MRt 5l A s g
Fig. 23  Structural design and test system diagram of SAW devices at North University of China®
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Fig. 24 Physical picture and system diagram of SAW high temperature strain sensor of University of Maine®™”!
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Fig.25 SAW pressure sensor structure and University of Maine

square pressure sensitive membrane schematic
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Self-temperature-compensated wireless passive

Fig. 26
SAW strain sensor developed by the Institute of

Acoustics, Chinese Academy of Sciences™”
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Fig.27 Structure and physical picture of SAW pressure sensor
of North University of China!”!
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Fig. 28 North University of China SAW pressure device
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Fig. 29 Five randomly selected sensor layouts™!
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