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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
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Fig. 18 Host of collision leakage detection system of
Beijing Institute of Spacecraft Environment

Engineering
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Fig. 19 Schematic diagram of passive wireless SAW sensing

system
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Bifi & ML HE 3 4 (Micro-electro-mechanical Sys-
tem, MEMS) ¢ R 19 3% 2 % i, LAtk 4k fif: (Silicon
Carbide, SiC). A fL4" (Aluminum Nitride, AIN)%§
AR 1T A MEMS-SAW 1285k A1k, B &1
R0 m e, M TGRS 5 R LR R
G5 RUBE T /NS e SR W A% 48 0 AN AT 3k B
SE X, B TSGR T,
W2 S A R . R AR HIAE
G2P i, DEREICES IR ERARE
o R A A BRI G35, R AR AT 5 A

B X AT T e A R e IR A e R I,
HEZRBRbE 5 & WL S5 M, (B S rE It
HLF LR R G TAERJEAE 350 °)CLA T, kK
W TAEAE 1 000 °C 1 2% 11 A% i 8 B PR B84, HAiT,
[fi] [7] 500 °C LA L) MEMS f& & A5 B 8E, T Z A 4
Zk 4K I 1k (Silicon on Insulator, SOI), % 5 1 I &
(Silicon on Sapphire, SOS). ##k fk ik SiC. & 1k
AINZEWS R I, SAW f&JERES HE HL LS A RHE:
TR ) OGBS E AN AN AL
RIEBAEIR AT RE /N, DL ML A R BN B 3t /s
SEFLR™L, HAT, H LR MRS 1
N, WFAE N B — i BB i R 5K B (La,GasSio,,,
LGS) dh R AE Sy He i BRI, 80 56 i A R 4 SiC
AIN/SiC., PY/ALO, % LA H: R 4f ) MEMS T. 2 3fe %%
PE R IR 858 5 MR, Bl TR AR
KIE

F 1 FI R A Fik MBS RUK RRXIEREL £ 2B R BT

Table 1 Comparison of typical acoustic velocity, electromechanical coupling coefficient K, maximum operating temperature and
main deterioration causes of common piezoelectric materials
Ji BB HA v(m/s) HAY K (%) R TARRLE(°C) FESEAL
LiNbO, 3500 4.5 ~300 IMR(LI 5 R)
Li,B,0, 3500 1.0 ~230 BT RSN
a-Quartz 3200 0.16 573 AR
GaPO, 2400 0.29 ~933 AR
AIN 6 000 0.6 ~1 040(H%%) 900 °C %1k
LGS 2740 0.44 1470 IS

3.2 MEMS-SAW L F

SAW H AR F Fa] LB W 20 tH2d 70 4848, 5€
¥ Environetix 2\ 7] PR e LA #I5-h EVHT-100 G

ICVR = i SAW B RAS R0, fRfE RN 150 °C~
900 °CHILEE , Z ARG EAEEE R 10 °C, RS
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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IR 5 o g 398 R A AL, R AR IR E AL
PRI SAW 25 F o 52 M ity 45 BR B TS G, TR A 42 g
DIGER S
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—

B22 BFHE KT SAWHERELHE EH AL
Fig. 22 The structure and physical picture of the SAW
resonator of the University of Electronic Science

and Technology of China™
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DT | Reflectord BT ¢ =
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B23 P ALK S SAW B4R 25 Mt 5l A s g
Fig. 23  Structural design and test system diagram of SAW devices at North University of China

M4 SAW 1L IR 25 1) s L SIS A4 Rt 22 21040 1 1
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ALOJEIRE MG, B SAW 1% J8ds i 1 3 46 vy 7
B b, & 24 frn . 7E 20 °C~400 °CiE [l A
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JEh-41 Hz/pe, IR R EERIMEE 5 15 R AR UL B - 1
AR AR LRI

Computer
DAQ
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SAW N SR IR AR, TR — VI B E il T =4
NS AR SR, WY SO R I AR R R, 7
250 °CLAN Y 0~700 we i [l PR kL B2 R0z 2% A5 8% e 17
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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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SR B R R AR A, DT | R T R A Y A
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i — A L 10 MPa. 2012 4F 52 [H 46 [ K 2= 1Y
Scott C Moulzolf # 1 7 —Fh £ ] (0°, 138.5°, 26.7°)
VIl i LGS M BHRAE BUE 1SS, oA —1
14 mmx14 mm [ 7 T2 5 B, 4R 28 90 & 1E 1
R Gt IR e 22 5y R o SR8 T 1.5
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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

direct bonding process'®”!
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Fig. 29 Five randomly selected sensor layouts™!
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