2020 445 4 ] RAXHZIT SR 2020 No.4
KAEE 139 Civil Aircraft Design & Research Sum No. 139

http. //myfj. cnjournals. com myfj_sadri@comac.cc (021)20866796

DOI: 10.19416/j. enki. 1674 —9804.2020. 04. 012

EeMAEHNRFERERBENTE

IR ST N T 8|6 £ B

(FEMEMRAFE RS FREREAXER LR E, @ 210016)

B E. AEMESERIESEREM 80 1Z B T R O (B G PR ASH AT E S DR ki 1 7= A A s 4o 15 7™ F A 4
TRTERE . PG, LUK EIAE T I5 AN [E] BTt 0 AT 3 52 A AP RHES A R AT o il W D 0 A JC A S B . i pLa 4R i 1 —Fhde T
S I ISR BB DA o DX Jelor o 30k, 2% 1k 2 7 B ool M 0 i B 40 o ok iy 1o 5 P B R AT o o 30 114 DX
fiLo SEIs B AR AT SR T A A SRR S A 2 A O AL B , O 2 35 0D T A% O AL B R AT 33 BT s 1) DI RG L (1]
FAFAf S TR] A AT ol W AR SRR IIFE BT AR o EAh, K 583 I AR RS AE /N B AR vh i B AR 8 v, IR 0PAG T bt
DEE A FIETE R G AOR LI G Beai il A vERf R . PR E SR R, IR TG i o DX g 0 5 v mT LA o ) R 000 O e o

4, H it DS RLHER R IK 3 T 96%

KR S A PPRNAEH 5 viviy M DN AR G5 (IR RE s U7 P81 5 T R A& I
SCRRARIRAS : A

hE S, V243, TB33; V214.8

0 515

SRR FC L5 B w5 L LU RIRE R 0 57k g
AR B PERE LS5 R, B 2 N T B AT 4
SR AR R R U, [ A1
Gy R CHLI B A bR HE AR TR B
FEFE Y, 7= KRR HL CO19 15 4 A1 kH 2
AT R 15% 5 SR RHLE A RS
TE AT AR S AR o S 2R 2 M i ety bl
HATWEHE M BEILTE I HLA 5 3 U A R A5 Y
PHERAN AT DA 05 , S B4 1 ) 24 P RE AR B0BE 1 1%
1, T A 2 4B 0 TR B LA,
HRLAY TG RSN Bk B InF S B Iy, O HLA 2 W gk AT
e, MELL R ) op o 5 o R 3E V G B
P GBS R AT LB AR 20 A0 o i M, A 2
Z I H TR NI RE AT 4E 4, A A T AR e 3 3
A B RMLAA) e FH A7 i, 4 PRUIE RALES 2 2 B
AEREFL,

I A SRt b o 0 D 9k AT T B S AR

* JB{5{EZE. E-mail; lei. qiu@ nuaa. edu. cn

IE, AL ARG 55 s 18] 22 9 M D T 3 o ]l f8E Ao
T35 LA BRI /N AR fe N T 2 I 2% 25 M 0
R R ey W 0k B AR T b
R 5E (o0, X AR B S 2B A TS A Ad B, ok
RS R E WS R E N ERSALEL Y N BN B0
9 A/D Bl R AR b PRI 2 R A A AL B
AR X BRI RE R AR BUR (L RR, XE LA
FEHUBR G ZR , A T 52 B ot ) AN (8] 17
LRI

O T S BRSBTS M I 5K
i U MR R A5 T B A AR T 2 T4
TSR A ety I s f k! Ok —
B 52 Z i oh b B DUE 5 e A R B B35 5 2 A T
AbBE ORI TRIAL T SRR 5 O —J7 I, vl X8
AR R A o 7 — 7 R AR o ol A G E, 5
X I B, R 35 B R GAR I FE /DB I 75 3K
11752 B o el ) DX A, 0 REAEAR KRR BE b i/
AN 18 R TG AR TGS AGL N , Ay e T A 4 N B 4 3
DX BRAE 3, DA T B R B TRU31 o it 40 7, e ARG 4 47 14

SIREs: A BE, RIRT,F. KathREmlRopsr & KRB 7 & [T]. KA WALt 5 8 78,2020(4) :63-68.
LIN X D, QIU L, YUAN S F, et al. Low power impact region monitoring method for composite structures[ J ]. Civil Air-

craft Design and Research,2020(4) :63-68 (in Chinese).

63



gy M 4l E

A 139 #

JIAS FNE ]

AR SO 7 A ety DX (7 B B, 4R 4 T —
PR IFE R whl I 7 12 0 BEX R SRR
SERG P SO FAAEAR G/ N I ol W I R 4
H ELXHR DRE 14 b oty DX S e 5 5064 T {ﬁPiEEu
HEBA IR A S B0 B0

1 Beyfbopdi b en

5 1A 7 451 DR D K Ak e el s 0
EREA SR, P 1 (a) A EL T M i A5 T R 45
MR & bR, b O A T A AR kA S 2
BT 4 A il B DX A M I DX A
7,9 A H F A2 Tt i ¢y i 8 e ok g 7 A6 4L 15
SN 1(h) FroR 5 5 15 G0 i oy 00 07 95 AN TR #)
I, XSEBLUAE S A 2w B R IE RS H
FARTT , T2 18 A 20 A B 30 07 0 B B
H ARG FL P07 g HL - 17 LSO 807 31, T
1(c) P

(b) R L L 55 A
v

() WS s B S 030 A 5
D mrew

(&) F7 IR AR 1

B 1 #rb i i 7 s R e

(c) ek i 37 4505 P 51 A [

B AR JEAE 4 il o 455 B9 R s BR A
TEAMIERC A5 5 1 i B Yu H N L AR 5 B 4% th Ik Th
FERZ DAL R i VO BRI E 9. AT
PRAPAZO AL B R, AT DA TG & Ah D AR B AR
TR R BR A e L AE T A HL s B il £
FIF S — SRR A AT LR AR ORI T by
DI SE AL, BN 1 (d) T s i) i 17 )
B BTS2 3k B E] ( Time of Arrival, & fK ToA)
AR HLP-“ 17 B RR LI [E]) S A ( Duration of Rise, fA]
Pk DoR) .

64

2 JET RWS fapaki X e v ik

M2 (b)) HaT DL & B f A et B o A
7RG, 52 380 vt w0245 55 i g s ] L, HL
Z RN R o RIVE R ks s A G0 1) e rL A%
S, BT e 4 RE IR O s P R B
WL, R — R, $& 0 T 2 T 5w AR
(Reverse Weighted Sum, fijFrx RWS) i) hif; X8 E
PR, FE IR LU LA PR

----------------------------

.

- ) PZT7 | :

| - ~@-- —. ' PZT1I

i I | I | pzr2)

I | EEL L XE3 | ' ! PZT3|

k | N':E PZTA4!
1

1

i PZ'I?#_ PZTS‘_ PZT§‘ E> AN
'

:

1

1

| | | PZT8)

: | X2 | X4 : PZT9!
| |
| PZT3 __PZTs, _PZTY, : 0 50 100 150 200 250 300
e e —me | i @ S
(a) EEMEISH (b) (*ﬂfﬂﬂﬂii@?f?ﬂ&%?ﬁﬁ
I S T
1 14000 ' 14000
| 12000 i 13500
10 000 i 13000
2 8000 i :‘§ 2500
! '
L% e
4000 ! I 1000
2 000 ! LS00
0 0 i
T2 3 4 123456789 1
X 45 5 ! ARG !
(d) X AERRW STE AR E (c) fEARWSHE AR

2 EFREMFAE & XIS E A EE R

IR 1 B T A AR AR BT R S Y
RWS FIZ(1) 2R, Horp, r 2 T A2 J e O B
FEREN TP SR 7 JE 0 T 207 P 81 it [)
AR L, W RAE U SR A i 6 IO PR 2 F
WHIE A 0 2 1o 181 2 (o) R J0F P S L O
100 SRR UG TH A T A B A2 & 3w 19 RWS
{EAEARIEL

RWSr—z[(S+1—])><W]] (1)

YR 2: *Eﬁlzlz( D AHL G5O 1.2.4.5 1 4
AR AR AR RWS AIXHEOR , iZ it A AR TR X
4 A He F AL SRR A DXl b, BRI, DX s 1)
AU ( Region Reverse Weighted Sum, f&# RRWS) 1]
DI ZRAE o o W 00 = DX 3 1) 52 me) 2 B2, pl X
(2) o, B T A EE 2 ¢ A by e i DX R TR
RIS RWS FYEVRT, ¢ 2 e D5~ XA 2 7 o

RRWSq = Y, RWS, (2)

AUR 3 MU AT I XIS RRWS ), AT LK



2020 455 4

MRIEA, % A PORIE R ARG il DX I 7 7%

RRWS $5c K 1) DX I8 o o o 2 26 0 DXk, i =X
(3) o , M 2y it W) X s 2 5
Impact Region = arg max{RRWS, ,... ,RRWS,} (3)
RAE 2L, & Z(d)l‘l‘%ﬁﬂjTlﬂl/\{qﬂﬂi”"@' l:i"jz
7 RRWS, A] DA HoA Bk RRWS fi X8 1 &
Bty e A2 i DX B Muiiﬁgﬁéﬂ'ﬂ],ﬁ%ﬁ%mﬂ
PGB — D BCF AR S, T2 18 i R AR A —
1% I 52 B b (19 52 e B R AT s DXUE £
AN 2T AR T R T o, AL SR
W AR KB S 10 . I X — e
A DA 2D A O AR PRSP T2 R T T ) DA
FAFA# S 18], AR T ot B R e AR D AE /N AL
B A o

R (27 2 Nis K AL P SRS

T UL 2 U0 IR A 2 2 R fe e 005 00 7 ]
BASEE TR A ety DI 00 D, B 2R 0 v )
HLER AR RE/ DR oy S R 4, L R G H & 2
FEAR ARV EE R LU REAE X il R T TR AR 21
ANTET T 1 M 00 25, TR 3 7S o

B3 (RIhFE/NEE IR

2 FR G T AR S L0 ) e e A S 2t
ToAL BRI AT BT AR AR AR B e 0 E e R A
T I 3T RWS [ oy IX Sl (o 3k b — 2B b B
A PGR A g A% O R s AT .
It USB 2R A% i s 0 5040 %) ] Bsf 0, W DS
WSS RAEATA ATt , 7 (5% s g sk EH 9
AN, D, 12 28 G SRR b At r A A S v T
HEr AR HE RS, BB T HEA T AR s WD, ]
DA AR T 25 2 00 by W, S B 7 % R AL AS
PR AN (] 7 W, R 8 I BB B R FE AR 5% 1
Fi7R

F1 HEEUTSEARER

v TSRS
R (Lx W xH) 50 mm® x50 mm’ x25 mm’
i 80 g
e 1.29 mW
SLIBIERE 32
] ¥ FIRA/
e gyt Tﬁ%%gﬂﬁ%mn
IR USB 4k
TAEIRE -20 C ~ +60 C
KL TSN il /& GIB2446 #iiu

4 fRIpEnind X D A SRR IE
4.1 BRG]

FRKUE RS 4 R, O bR
FBEH WEIIRE N il W R o A
WSS TR B A, T RRIEIE T RWS iy ol BB
(7 R .l DT L 850 mim

S

EEMEHLR
aBR%H

B4R LY

el R e
e 170mm [
:j: E‘ PZTI8 | PzT17 | PZTi6 PZT15 | PZT14 PZT13:::
o|E 10 9 8 7 6 -
i hef =
(R £
L PZTI2 [ PZTI1 [ PZTI0 | PZDY PZT8 PZT7 [
o 5 4 3 2 [
- PZT6 PZTS PZT4 PZT3 PZT2 :
S T
O Eaims ¥ HHLE

5 RBREHETEE
65



gy M 4l E

A 139 #

300 mm, Hy 18 /™17 B 7 25 14 NN i) s P A% a4 41
BT 10 A ek W X3, 44 W 0 DX g
150 mm x 170 mm, Hrp X8 5 FIX I8 6 2 [8] f7- 16—
R4 EFA, E S B

iR RS S BN F pUE P ol ARV 5 W [=R=2
S IR IAE s W RS T — RANIE 5 Fe40An
{55 AL ey DI 25 2R 1 A% 28 S s,
e AT DUR A4, 2 07 s oo W D0 4k s
S p o B AR AL G B S A L AR R) DX S A
NGl QiR
4.2 gk DX e PESS UESY

i eI R G AE R R op iy A G 2 R A B
B P R B WD b S R AR B, DA
SWRATEMEIF DX 1.9 13 B oy SE 5 4
3 =R ehs BB S A B JE AR A SC
P&t %) S T IASURR B335 38 3 00 e AR S AR R
hili J5 T AT A5 SRR 1 RWS I I X 3817 RRWS
B, FF 4Rt RRW'S {BLf R 1 DX 3l 1) Wy oy o A2 1Y
X3k, 285 4 BN 6 ~ &1 8 TR o

M 6 TN, s A= 7 W DX 3R g v ) 4o
PZT1.PZT2 PZT7 1 PZT8 ) RWS B A kb A% %
AR, AN L, Wi F X K 1) RRWS B B2
KA, PRk A] DR v it s 6 76 il 1~ X8 1, 5
S id X SAH ]

PZT1 PZT8 PZT7
PZT2 I
PZT3 -
PZT4 VA VY o W | |
PZTS
b & ozE
PZT7
o ' '
- N
Tl ' o-—-0
Lean)s PZT2 PZT1
PZT13 A
PZT14 M\ —_ —_
PZT15 7\ Ve | X
PZT16 no -
PZT17
PZTI8 % i E
0 10 20 30 40 S0 60 70 8 90 100
N e i 3
(a) Wil 750 B A B

25000 v 7000
6000
=
=
5000
=
= 4000
%3000

L 2000"

2000

1500

PZT R [ AL
=
3

%3
S
S

1000

0
12345678 9101112131415161718
PZTHi'5

123456738910
X 5 5

(b) fR IR RN DX AR AL (AR
Bo6 REFEXE M EHENER

66

AL T AT why R AR A D DX 3 2% 7
PZT11.PZT16 F1 PZT17 [ RWS {i Af %t % K, {H
PZT10 ¥ RWS {5/, X 5 wpf7 85 PZT10 BE s
ARTEAT I, {H I 1 4% X 4k RRWS i 4 353 ]
X3k 9 HAT e K1) RRWS, Rt AT DI o b 2 Ao 7E
XK 9. L5 R A RIL T I I a] A 1 i
i DRI AT IR AR

PZT1 PZT17 PZT16

PZT2

PZT3 T

PZT4 N\

PZT5 | I
PZT6

e i |
PZT8

PZI9 /. I l
O O
vzl —rd N

PZT12 PZT11 PZT10
PZT13

PZT14 ——

pzr15 [ —_— WE i X
PZT16 N\ 7 /. I_ _| B X 409
PZT17

s 3% W

0 10 20 30 40 50 60 70 8 90 100
RFER

(a) i B 7 51 A 12

2500 7 000
6 000 -

2 5000 -

=

= 4000 -

§ 3000 -

L 2000
1000

= 2000
At
kY
£ 1500
b
1
& 1000
&

500

123456780910
X 5455

(b) & s A X BURFAE fE AR B
7T REEREO MhEENER

0
12345678 9101112131415161718
PZTH5

MIED 8 BT, vk e A 7 A SR A W DX
PZT4 F1 PZT10 f) RWS {f %5 K, {H PZT3 il PZT9 ¥
RWS {} [t PZTS F1 PZT11 W&/N, 5: & 4595 iy RRWS
fEH, X4 4 79 RRWS (ISR T X303, B bl
FENIAE T X3 4o 430 7 A8 15 0 i U2 B T e UL
DX 3k (] 3 et , 5 30 PAT3 1 PZT9 191555
JEA — 2 B

PZT1

PZT9 / \
PZT10
PZT11
PZT12
PZT13 -
PZT14 — —
52}2 Tl P\ 7\ | X3
PZT17 -
PZT18 % A
0 10 20 30 40 50 60 70 8 90 100
KA
(a) iy Ko7 1791 8 A 1



2020 455 4 1 PRI, SF BB PDRES AL AR TIAG ity DX )y 12
- o (5] ERM, Aefehs, X, SRR UL T
o 200 _ o gkt SRR Ae AT s )] A RAHLBETH 5 AT

2 0 Z 5000 5%, 2014(01) .4245; 71.
£ E .
. § B [6] YUANSF,RENYQ, QIUL, etal. A Multi-Response
a 500 2000 Based Wireless Impact Monitoring Network for Aircraft
o o Composite Structures[ J]. TEEE Transactions on Indus-
12345678 9101112131415161718 12345678910
PZTSiS 4 trial Electronics, 2016,63(12) .7712-7722.

(b) A% 8% A X IR E (B R A
8 RATEXE3 MHERUER

Xof A WA - DX 35 3] P o e o oo 59K
H»éafr 50 YR A et DX (37 45 S -5 S o v X ekt
Xt e BRTFSS SRR, FH BT S iy InASURn ) s
I:injzmu%/z%fﬂ/wwmmA&éﬁﬁiﬂ@im&
BRIR N T 96% o Horp by 8 7 A5 1R A PR I 01
WBE S A B X3k 2, H L, 2 2445 e =X
SR bl e LR BN R — .

5 gk

BEX R A ARG A IR DI FE AL AN 8] 1y
Rt IR, SR 1R T RWS 8 il IXIUE 7
B ISR B R RO AT AR A% O Ak BE AR 1Y
B F R AN ARG , A T 92 B LSS Fa 9 S 1
LI N RIS B Ai S VAN R Al F AR
Gorh  TER A MRIHLE G BLAS M BT T b X8R
ENLHERAPE B, 45 SRR, AT 14 00 v X s
ENHERR IR T 96% , BEAS MR Hb i 00 45 UK o ol
FAFFHATEN

SE -

[ 1] Ak et G arpt SmamRll]. &
IR, 2007, 24(1) :1-12.

[ 2] MARSH G. Airbus A350 XWB update[ J]. Reinforced
Plastics, 2010, 54(6) :20-24.

[3] iz, i, s85%. CO19 KIE PR T Lt
?klﬁﬂfﬁikkﬁ[ﬂ- Bk, 2016(1) : 25-
31.

[4] MARZANI A, TESTONI N, MARCHI L. D, et al. An

B

open database for benchmarking guided waves structural
health monitoring algorithms on a composite full-scale
outer wing demonstrator[ J]. Structural Health Monito-

ring, 2019, 1-18.

[7] W&, &7, Bk, 5. 5T Shannon & /)
IR AN i) B B SR A 10 52 B R 5 4 22 ol AR
SENL T [T]. s 24, 2010, 31(12) :2417-
2424.

[8] ZHUK G, QING X L P, LIU B. A two-step impact lo-
calization method for composite structures with a param-
eterized laminate model [ J ].
2018, 192 500-506.

[9] YUANSF, BAO Q, QIU L, et al. A single frequency

component-based re-estimated MUSIC algorithm for im-

Composite Structures,

pact localization on complex composite structures [ J].

Smart Materials and Structures, 2015, 24 (10):
105021.

[10] RENY Q, QIU L, YUAN S F, et al.

imaging approach for online characterization of multi-

A diagnostic

impact in aircraft composite structures based on a
scanning spatial-wavenumber filter of guided wave
[J]. Mechanical Systems & Signal Processing,
2017, 90 44-63.

[11] bR, $Rfbee, R0y, % —MEETZAIEZHE
E’J/J\*F'J{t{FFEEI:i"ﬁ”’“U” RG], iz, 2014,
35(09) :2551-2558.

[12] YUANSF, MEIHF, QIU L, et al. On a digital wire-
less impact-monitoring network for large-scale composite

Smart Materials and Structures, 2014,

structures [ J ].

23(8) :085007.

fEE BT

WEEE B MEMRAAE, TR G EAEEREN A
%48 A, E-mail; linxiaodong@ nuaa. edu. cn

B & B, EHREFLAEAFH, FR2HMRTA:EH
WM . E-mail; lei. qiu@ nuaa. edu. cn

REF X, HE R HEEAFF, TR FT G R
M5 %N, E-mail: ysf@ nuaa. edu. cn

WHIE 5 WMo R4, T2MAHS @ 4MERENZ
%% %, E-mail; xuqiyun@ nuaa. edu. cn

67



g B iR GE S 139

Low power impact region monitoring method for
composite structures

LIN Xiaodong QIU Lei *  YUAN Shenfang XU Qiyun

(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract. Composite materials are widely used in civil aircraft structures due to their excellent properties. But com-
posite structures may be subjected to internal damages caused by impact events, which can seriously degrade the
property of the structures. So, it is critical to continuously monitor the impact of aircraft composite structures with
low power consumption method. In this paper, a low power impact region localization method based on reverse
weighted sum is proposed for airborne. The method is based on the principle of digital impact monitoring and the
impact region localization is carried out according to the impact response digital sequences. The method is simple
and efficient, and it is easy to program to the processor through embedded software. The power consumption, time
and storage space of the processor are significantly reduced, which is beneficial to the low power design and appli-
cation of the impact monitoring system. In addition, the method is applied to a low power miniaturized impact moni-
toring system, and experiment is carried out to verify the accuracy of impact region localization on the composite
wing box structure. The evaluation results show that the low power impact monitoring method can accurately monitor
each impact event, and the location accuracy is up to 96% .

Keywords : composite structure ; impact monitoring system; low power consumption; digital sequence; piezoelec-

tric sensor
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