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Abstract: In this paper,a kind of all-fiber and miniaturized vibration sensor with temperature self-suppression func-
tion is proposed so to achieve the precise capture of vibration signals in electrical equipment. By fabricating a micro-
cantilever on polarization-maintaining fiber, the external vibrations are converted into phase changes between two or-
thogonal polarization states, enabling the measurement of external vibration signals. For effectively suppressing the
interference of environmental temperature to the fiber sensor, a polarization - reciprocal optical path structure is
formed in the sensor so to effectively eliminate the phase errors due to temperature-induced birefringence. The test re-
sults show that the proposed sensor exhibits a flat response bandwidth within the range of 100 Hz to 6 kHz,with a vi-
bration measurement sensitivity of 87.76 mV/(m+s’) and remarkable stability across a temperature span from 25 °C
to 60 °C. In order to verify the monitoring effectiveness of the sensor to the vibration of electrical equipment ,the vibra-
tion shock detection test of the casing of equipment during arcing process in transformer oil is performed in the labo-
ratory. The test result shows that the sensor successfully captures the vibration waveform of the casing during the arc-
ing process, with the vibration duration of the arcing process lasting approximately 20 ms.The vibration dominant fre-
quency is 800 Hz and the maximum amplitude is up to 4.2 m/s’.

Key words: vibration sensing; optical fiber sensing; polarization reciprocity; temperature-insensitive; all-fiber

I #s B HA:2024-05-07; 1&[E HE§:2024-07-29



55 HO5E , TR , AEETUAN, 5. AT DR I 5 45 T R S S 2R B I A -165-
0 3= O PR A A BT BRI A B2 X 1
=

XRS5 SR 0 BRE f ) B AR ATl
ATEENTOR . BN, 228 25 A s 7 K s
v 5y 52 B N TR R B sl R R R S, BT 7 A
LA XU R R RS, dm
s 2 o AN R YIRS AR S, T LU
TEBL A5 SO B 2 B B S X 28155, I T 52 B - 141
BUE G2 23R A s e AR L Il e
I 246 % R 7 RN LN [ P A O A R U
SRR R IR XS ol A A 22 D A
PERVIEVEAR L B , P E BT B 45 1) % AR g s
17, ELZ AT RET | A MRIA S, 3 U R R
DALk, S0 i 2 R g i % By MR 1 A RO BF 5 20 A 28
o MR AR oh7e = A iRl o 15 5
X T 7 iR 3 g B A BRI AR s ) R
LA B s g e i T s et B B S

gt iy v 2 IR B A%l 22 2 s vl Xk 30
el o AL AR I s f T 32 B AMIRAIR 3 5 1S A4
BUBHNE 7372 A, 3R T sl A 2 A ri i o i
N Ry A BT SR S AR S AR B
PR MR A5 B AN, SR, Fi ) B A SRy s 2 i
WL o 5 S T R R B Sl T i = A Al i
I A FL R RAIC , W AR G v 2 SR Sl R AR AP A
SRR T, AR IR 2 I BE S i DR
RS RBrAE L, toh . BELESCHEI A AL T
G X, LA AR LU T o 3, O T S
1o R ABCRE PR Bl A SR, T L I A JEie A 7 RN
Fe B A, S EUR AR NS BOR 23 [ 70 R,
717 25 R e 2 18] 0 B | o P 1) 3 0 ) A St S S B R
TV RS TR 42 BB HEZOK

VCEF AR AR P HA A RO ST R B TR )
FRAE RN B RN, A2 A W L G PR R
SVRTE PR L A E N TP AR IRZI N EFRE AR N
By S i JEE A 5 R LR R P ORRS  i JEE A ff]
7k 2E i S S AURAR 336 ' i o o kRS 5 i
FEVA G, SEAROCET i e B & R sh 5 5 922 AL i
AR R JRE T ) B DG LT IR 2l e e S B g B {FUHEC
BEAARE PR A DG XX RE A, 52 FHA K P
RS AL IR B AR 32 BER ) S — 1 PR (15
IR EAT -—H% 0T RS, IR B 55l
RSOV 5 RO A AR AL & AR A, IR
WA F AR e (5 S AT I A
AL B CET4iR 30 1l BAT B e B DU A 2, AR
1M X LR G NN AT T5 A MR Az

FLSZBR R A2 2B

T B AR PR BR T Y DG AL B Tz I
FHB— A B AR 5 A e EL IR It
FEHp, ST 37 B SIR I 52 m ( 75 308 BE 5  Th il
WAL AT AR IR R T K 5 2R s
R B OKIR 2, BB B R Rk,
U, W 5% 2 TR A B0 T B G A PR sh AL A
TH 5 TEL R S YT PR SR B 5, b TR T 6 2R IR
SIS B 5 AT S HAg L L,

SCHR bR SR T [ 0 R G
PG IRFEA . W R R G LT LR R
8 B ANEAR Bl R A TE AS D 4R 245 22 18] A AR 57 A8
b, SCEUXF AN IR S (0 A 4R S 45 R ek R
Ao P P 7 1) T LR AR A T IR B 0Ok
B LA, A8 A5 R TR BE XTSI 5 1A B AR 1 22
SPGB AL B A A . S R R AR i
P OB LT AL B R E£F 20 inh T 250 B T 1 #
PRARICET , AT TH AL JER8 72 4R 3l T B4 i 7 i 32
PETHAG I R B . FE ARG IR L, BT AL
JEERTE 100 Hz~6 kHz 35 [l P ELA -2 4 1 S5 55
X4 sl 2 ) R A A 87.76 mV/(m - %), F H XTI
BE i A A R I L S AR e I . T R AR IR
BT SEBAHRIG BE h i A5 AP SE IR B S 4 Ak
BSE T i ARTE SR N S b A 8505 T b

1 fERHIIE

1.1 fEREEEMILIT

FIrEE AT IR S B ARG S50 DL IR 1 iz
OGRS B R DOCET LG RS L 55
PRARCER Lo 42, s 6 /A B 2 4500 AL
0 1 P A R AR AR R R DG AR L P80 B
01 (x-pol) A1 il (y-pol) B I Bk 7 1) o A5 AR O
2F Lot i 5 20 — BRI R DG AR Lt A7 90°
Y3 IR AR G ET Lo B BE VR TR 0
TR R 54, 58 O S SRR BN IR o A% IR
JGET L 5 PR RO G LT R, el 12 £ i L
45° , 58 AR IEOG I BRI

0,=45° 0,=90° 0,=45°
> >
y— e —
WOGAR &I AR AR K fhGETL,
JEfL, JELIL, HETFL,

1 fRRGER
Fig.1 The schematic of the proposed sensor
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Fig. 2 The fabrication of the proposed sensor
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Fig. 5 The response characteristics of the sensor to multi-

frequency superimposed vibration optical signals
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Fig. 7 The temperature stability of the proposed sensor
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