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Highly sensitive high—frequency vibration detection
based on ®-OTDR
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Abstract: In order to improve the detection sensitivity of the external vibration signal, a system based on the combination of
phase sensitive optical time domain reflectometer (P-OTDR) and 3D printing sensor is designed. The sensor in the system is
composed of optical fiber wound in a cylindrical elastomer, which is made of 3D printing flexible material. By detecting the 20 kHz
signal at 100 m, it is proved that the 3D printing sensor with integrated elastomer has the effect of enhancing sensitivity for the
detection of high frequency vibration signal, and the amplitude of the demodulated signal spectrum is increased by 8 times.

Key words: ®-phase sensitive optical time domain reflectometer; 3D printing sensor; vibration detection; fiber sensing; elastomer

038

R Y R TR 2 ) R B A 5 i T S X 4 Y fdt
PEAT MW 451 v S S SR MR SR AN R | JE A K
Ho i R KEFN LK S AR S KOMERY I OL R S5
i B I (SHM ) X T R AL B K TG 1 22 42 00
B FSEUE | TG B (OTDR) B 2 4L
ARJE SHM HYA R 5eAR | i BORBEF 73 AL 27
A A HE S W T 0 PNV DR 2T (9 O AR MR FE AR A 0
0 M | AR O I SO S (-OTDR) B 8 2 M T

s B #3:2020-02-17,

EE B /. £HE(1985—), F5 , WAL /R A B+ i
YT RN, FERR DT N RRG N, £ HS
T 45 53 A5 O LB RS A O | AR AL BUROE Y
BRSBTS 5

* WIS 1EE X H4 (E—mail: hhliu@shu.edu.cn)

©) RBIE A 2020 55 11 1)

SHM FIAZEZ I 7 d-OTDR H, 2k A = FEA T3
S 1 6 ik b g % S BB OB £F (FUT) |, 9 b Bk
P B 25 E A B O R AT AR IR AR 2
AN (BIAN LIR30 ) | R TGS R T A AR B A
B, PR AT L o A R RS 3 B R B AR ok R
SNRAR S AE A . FE d—OTDR 4R o 1Y 25 8] 43 98 R
AR & S bR vE BE R E (BN 10 ns B9 bR e
FERE M fe /NS R 0 HERAE] 10 m W), R TS d-
OTDR RS H R BUE | vl LI i A H A 51 B S
HH SR 38 5 55 i A IR RS () a0 BE AL £F S AR 55
£ A A% AR B0 ER TR A B AR R B
A VAR L 1L 4 AL RER LR | S BOC L ML IR 3h
Ry IO A5 A 2 B BR A e A0 | R T 4 B2 GO ik b
Az BT T 52 1 R R MG | 2 — 25 B AR 4[] 43 R
(BN F 1 m)RLTP-HEH R XS d-OTDR * T
e R 14 4 sh I = AN R



o3 3 &3

FAE | R EC, X, A5 . e T AR 6 SRR ' e 3l B S S0 8 52 50 A AR S A 5 PR U

B X6 R AR - A T 4 ) R S e A it A T A S
H—FP LT O-—OTDR Il 3D FT ENAL B 2% A1 45 5 19 IR
BRI 25

1 ETF 3D $TENEREH &

3D AT ERHE AR (9 1 502 mT R 7 ] £ HAA FRR 4544
WAL IR TTA . BT 3D FT B0 IR A I 3 1 A O 27 4% J%
fr e B S AN R 1 TR A E s B AR S
TACRI 28 2% (1) 6 27 20 B 158 A T 3L 1k 4R 4 Sy TO0 35 4 47 R
R H 2EL A T R 43 T 2L A2 ARG 0 2L A 1 I A EL AR Y
30 mm, B ELAYIEBE R 3 mm, DSR4k 2 —
BRI HNE R 18.95 mm, FMEH 21.95 mm, &
JER 3 mm, SRR S R — A RIS AR
N 22 mm,ﬂ‘?ﬁﬂ? 25 mm, = A 3 mm, il & B AETE
SRR, K S UG £F R g 28 2] U 25
Rl R AR I TR AE QSR WG AT ket Hoh |
HOE MRt 3D FTERALFT B s IA A L 32 M kL ABS
B L, A P oA 0.394 (BRLARDE ZF 1 1 B B ARy
0.16) , AH L TEABGLE AL s B B R AIE A
1717 1l 52 B0 A3

(c) [IHETE S {4 Jee S 2

(d) EYE

B 1 ETFIDITHMEEREEELAERFTTHRIYE

2 ET O-OTDR WiIRENE K E
ARICET T d-OTDR 531 3K £F 4k 2 1% %
R E A 2 s, g T d-0TDR R4
A% 2R S OG AR (NLL) FE OB | it 90:10 #5425 4%
HE L GUE 5 PR 43 . 90% HIVEAR 506, 109% FHAE A b
S5 PR T 7 (AOM ) K B A R HI 56 18 il A ik
ot Bk b RE S i [R] % E R 25 ns, Bk o E B R
20 kHz, Yof5 5 BB HDCLF UK &% (EDFA) UK 5 38 i
HIE 4% (CIR) & 5 2L BOGLT v, A& IBOGET B AR i
TR, DA AT AT 5 B ) JE VR B R G, B R O
AR5 T 50:50 #E5 AF THE 109% 0048 Hi 3% 35 #% 6 IR

. I R ———

|
|

| X B2
| " E iad |
 SEEI®

~—— e o — =

B2 AFRHGEERMNMELCLH O-OTDR REMEHEE

B, SR E P LN AR (BPD ) #4505 5 8K
P KA R (DAQ) RAEHAF T )5 it bl (PC) AL,
TRAUALAIR 8, A SR 3D 4T EPAL IR AR BUE TR
WERGEE L xS E S R AR  FY RS
7 A W WAV P TR B 10 V9 IE 3% 3 3% 3D 4T Ef%
JEIC IR CE TR B N TE 28 29 100 m 1L &

3 &F »-OTDR 7 1 X & B IE & 09 = SR
KGR KT

I3 A7 O 7 1 SR AR 2 G EF A% IR AR 1) — ol i 78 )i
BRI AR BT RE S84 T,

OGRS BRI | OCEr R LR, OUME
50 I AH AL A

e=p-1 (D
Hor, B WAL i 8, A IER oL b o=
FOGLT A B AT 5 3 0 BU% A MR RO T T

Apoc B-Al+AB-1 (2)
Horp AL ROGE BT 5 B AR B2 A2 40, AR % 1
B AR Ak, HOR A S D' 5 ALON A [ 0 AR 5 1R Y O
L HARM AL, 75 ®-OTDR #ill R G2, 3 10 Ji F1] 1%
SOCAE S HAMAT 5 A T, 2 1 00 Ak B g s
55 Py (TR N

Prpp e 2 EpEpsin (2T AL+ @ (1) +@1— @) (3)
Horb By AU By 2350 0 75 18] HURHE 5 FAS HOG IR Af
HAG SN ;o (1) AN TR BT 0 AR 57 Bl I [1] ¢
AR, ) F1 @, 70301l S 15 5 M M6 i 90 46 AH AL
W T/ Q VR R A i 4 58 7 vk T A

1I=<PBpDcos (2mAft ) ) oc ExEygsin (@(t) ) @)
Q={Pyppsin (2wAft ) ) o< EgFpcos (@(t) )
R (s)
e(t)=tan™'(I /Q)+2km

v 1,Q J 390 by TE S St 9 0 [ R 23 R IE A2 03 B sk
R R, EC(5) R ARAS A FHIR B A5 S 1Y i R A
Az Bt 18] A9 A2 1

SR VB AR VR E LR S F AN AL 3 s, B 3(a) M

2020 4E% 11 1 RATFHRS O



&3 3 &3

FAE PR VB A B TR BB I Sl S SR e R e AR 3015 5 AR

100 200 300 400 500 0 200 400 600
$E & /m B & /m
(a) th DAQ REM IR T~ (b) W B A

B 3 8RR E M IR3E 4

DAQ REER 200 515 5 Bk ; &1 3(h) Ml 1 /Q it
PAZRAS Gy 25 1158 LA AR VR IR s =B 0k 09 47 B, R LA
B HETEL) 100 m b —> W 5 (14 5 7 06 | 5 7t n 9= 3
AL —F, B 3 U] T R ©-OTDR HAR 19 4% 2%
BARNE 5 EM IR,

A SCAE 20 kHz M 3% T AL SR 2, 8T d-
OTDR £ I ) (9 15 5 LA K A0 R B PR i L o 72 46
(FFT)IS s 4 s, Horb B4 il £ oy To e il 1 {4
PCER A | 20t 2 o 42 s R 1Y) 3D T BB EF %
AR ATUAE SRR Y 3D 4T BN LT 1% 25
A AR 5 Ll JC B B P R 1) O £F A SR AR IR A
SRR, ARG, FE G FRT AR R R,
SRR 1Y) 3D FT ER G 2T 4% AR T A A5 5 19 A 7
AR ARSI 5 35 20 kHz, 55 00 B 3h 14 55 % — B ik %
BT R LAY d—OTDR A B & i $2 U g

MK WL G SR B R AR R T

AA4% % /rad

L

0.0 0.5 1.0 1.5 20 0 20000 40000
B 18] /ms A Hz
(a) 20 kHz 4503 T £ 0 ) 11 (b) 20 kHz M 11

PRENE5 XS 1 MR FET 5%
E 4 »-OTDR#FEMEIKES U RERH FFT if

SRR B AT BB IA AL LE AT R 48 SE A 1 T R G 2R
PR X ANAR 1 e e, Ak R S (2) T
R, 2 AE 5 TR G SRR A B DG 2T v AR R I AR A
AR AR R DRI SR AR SRR TS B OO

4 45RIE

AT T HF d-OTDR 1 3D FT BN g 4% J&k
R GE, T O R gh SR R EAT T SR 5
VE, % 3D 4T EISGEF A5 It 1 h i 28 25 it AUk
2T 119 5 R 5L A A g, G A A R G i A I A
TR Bl 5 | A A AR G RLN g R S g R .
FHER F IO S0 ST 15 s | O M AR 1 3D 4T ED
15 IR T S IR A AR TR DA S 16 A A A Ak 7
20 kHz P A3 8 f5 9 $ i, SCom g R W, 3 T L
®O-OTDR 7E A T2 25 ¥4 11 45 A4 i I8 Wl O i 2 A
ERET,

a0

[1] HEALEY P. Instrumentation principles for optical time domain
reflectometry[J]. Journal of Physics E: Scientific Instruments, 1986, 19(5):
334-341.

[2] WILD G, HINCKLEY S. Acousto-ultrasonic optical fiber sensors: over-
view and state-of-the-art[J]. IEEE Sensors Journal, 2008, 8 (7): 1184-1193.
[3] JUAREZ J C, MAIER E W, CHOI K N, et al. Distributed fiber-optic
intrusion sensor system [J]. Lightwave Technol., 2005, 23 (6): 2081-2087.
[4] HARTOG A. An Introduction to Distributed Optical Fibre Sensors[M].
Boca Raton: CRC Press, 2017.

[5] LU P, MIHAILOV S, COULAS D, et al. Random fiber gratings
fabricated using Fs-IR laser for distributed temperature sensor application
[C)//Optical Fiber Sensors, Sep. 24 -28, 2018, Lausanne, Switzerland,
Lausanne: Optical Society of America, DOI: 10.1364/OFS.2018.FA2.

[6] WANG C, SHANG Y, LIU X, et al , Distributed OTDR-interferometric
sensing network with identical ultra-weak fiber Bragg gratings [J]. Optics
Express, 2015, 23(22): 29038-29046.

[7] LIU H, PANG F, LV L, et al. True phase measurement of distributed
vibration sensors based on heterodyne ¢ -OTDR[J]. IEEE Photonics Jour-
nal, 2018, 10(1): 1-9.

10 A2 24K 2020 455 11 1)



