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Research on fault monitoring of belt conveyor based on FBG sensor
FANG Xinqiul’z, wu Yangl’z, SONG Yangl’z, CHEN Ningningl”z, FENG Yulongl’z,
FENG Haotian'?, HE Dexingl’z, QIAO Fukangl’2
(1. School of Mines, China University of Mining and Technology, Xuzhou 221116, China; 2. Research Center of Intelligent Mining,
China University of Mining and Technology, Xuzhou 221116, China)

Abstract: The fault monitoring of belt conveyors serves as a pivotal tool in preventing safety incidents, enhancing production efficiency,
and facilitating the intelligent operation of equipment. This comprehensive study delves into the multi-sensor fault monitoring of belt con-
veyors utilizing Fiber Bragg Gratings (FBGs), examining aspects such as common fault analysis, the composition of integrated protection
systems, the design and analysis of fiber-optic sensor arrays, and the design and material selection of core sensing elements.Firstly, to ad-
dress the shortcomings of traditional monitoring methods, including the inability to quantify faults, inadequate real-time performance, and
weak data fusion capabilities, an FBG-based integrated protection system for belt conveyors is proposed. This system underscores the cru-

ciality of designing a fiber-optic sensor array as a fundamental prerequisite for system establishment.Secondly, building upon an analysis
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of the root causes and manifestations of common faults in belt conveyors, a series of fault monitoring sensors are devised, with FBG-based
equal-strength cantilever beams serving as the core sensing elements. These sensors constitute the fiber-optic sensor array within the integ-
rated protection system, enabling real-time and quantitative fault monitoring.Thirdly, theoretical analyses and Ansys finite element simula-
tions are conducted to thoroughly investigate the dimensional design and material selection of FBG-based equal-strength cantilever beams.
The influencing factors on sensitivity and accuracy are analyzed within the sensing model, guiding the determination of the structural di-
mensions of the sensing elements. Nylon 6 is selected as the optimal material for fabrication.Finally, experimental validation is performed
to assess the structural effectiveness, sensitivity, and stability of the FBG-based equal-strength cantilever beams. In sensitivity tests, the
sensing elements exhibit exceptional linear response characteristics, with a theoretical sensitivity of 52.978 0 N/nm and an actual sensitiv-
ity of 38.115 7 N/nm. In repeatability tests, an average repeatability error of merely 1.002% is recorded, demonstrating robust repeatability
and stability. Temperature sensitivity and compensation tests verify the linear correlation of FBGs in temperature measurement, emphasiz-
ing the necessity of temperature compensation for enhancing sensing sensitivity. Even under minor temperature variations, the compensa-
tion mechanism effectively boosts sensitivity by 0.6%.The designed fiber-optic sensor array resolves the challenge of real-time and quant-
itative fault perception in current belt conveyor operations, providing a solid data foundation for intelligent sensing and control. This re-
search not only contributes to reducing belt conveyor failure rates and enhancing production efficiency but also propels the coal mining in-
dustry towards automation and intelligence.

Key words: fiber bragg grating; equal-strength cantilever beam; temperature compensation; fiber optic sensor array; comprehensive pro-

tection system for belt conveyors
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Fig.3 Schematic diagram of the comprehensive protection system for belt conveyors based on fiber bragg grating

JCET B IR 51 S ik M e Uk ML B 47
RS, BATHORE 2 fih R ARG £ AL R S AF 5
AR AR R OG5 55 A BOLET Bl & i R 4E,
SR B LIRS A M SR v, LIAE 42 4 | 4t
THRE S LR S e = EALE; 2065
ik 1] AL SR A5 2 P PR R, — T T e )
T 42 ) 2 A A B, 7 B A A B BB Tk % AL
fl FREARES s 93— J7 T A i 22 M A 315 70 B G,
SR (FUE) BT, LR S IR 4

& ESRIE F I CATESE VBN R & Soh i
ARG NG T I5 , S B R R OB R T AR
N GO A A 5 SRR S ) R G S S 5 )
BT U0V 8 B A 32 AT S U LR AT
f/ MU X B A FA ™ B B2

VRN R GLisAT . R SRR, Hps %
AR AL S R R R I Z —
FREAL G I AR S, T4 B9 26T FBG i Uik
PLER S PRI R SR IE S5 2 T HR AT TOLEF 2/

329



2025 4F5 134

# £ M FH K 553 %

FARX A R ML AT B e W . SR, SRR
FE I ARTE Tl a4l 2L e R B T B KW,
{5 B AT HAE T 2% L W il 0y B AT ik T
WG B, L, YCe AL AR MRS iR T
AR A HLEE G IR R GL 0 AR
22 EABRMERREERES

LT 1Y A2 SR 25 A LS A ot o ) R, T
REE A S B Rk rar R VLR S R R S
PRI LA, DT SEIARE S5 A S iR
TE R FER S LR G T ThRe; MAh, TR I T
XRE F G, A UG s B A B G+
FAL RS R BT T PR R S AL e g,
T8 T S B R AR HEI £

TE43 By 2k HLSC R S 2 ) B A B, Tk
21 EM Y R AR SRR R T T DL FBG-45 0 i B
SN R U BURBRTT A I G 21 70 M A% s . AT B
BHME AT | SCEF B AR RS FGEF B b 2 T G 2
TICER S A I B BB BT T AR R A IR
o IXEALIRERYME TAE, R 7 Nk HLLE &
PRI R GG RULIEER 51
221 B RBBEREAE RS

Jof AR AU G B A I DL FBG-45 0 Ji B i
SR A SRR T A, 8 3 A I 1 A7 TR 5 e g e )
ot A 4G Ay A R R R I 1A 5 RS G A A R R R
ISR GEF S i T 0 AR SRR, N S
HUC R R AR A RS 5 28 A IR A SR TR RIS 15
| iy B — R AR 5 A O B R A 1, e R AR B A
INF ()5 A8 BIAE DG ZR A 37 118 2 SR A DA figp B3 o g e
WM A R O IR B A M it 3 Ry P —
AR CEF M, ARG G FE T AR Y BUBIE R | (CCr
RJe T 6) BFE LA T AR, 78 G i AR T

b amii

S50 i L A

e P2

o AL 5
L gaE

Lz THEC
AEEty e

LRI, SCRA R S 300, LUK 21 BEAE A4 L
MR

1) F R e o A 4 TR DOt 2 e i ik
A7 5 728 AR R DX IR ik i PN, JE R Rk AL
AOBILSK AL AL, BE A% St 00 81 i 226 7 ) 3 i 175
O, 8T R G SER IS T . AnIE] 4 P, s
e s 2 b B A ShALAG | e TR ISP |
S R R CE M AN e S A Herp, B
TSR AR AT | R HEAN | T30 | AL
TIE S MR i RE . WA L B AR 1L R
BRAOZ G | FE AR 2 2.

e 2 B A= O T, ik ol 4 Sh ST Se e
s, Pt — 2 i A S AL SR T AR TS s T
T3 BRI (™ 58 T 5 A S A Tt o 1 55 5 A
G2 AR Ty, e ol Rt N 1 25 56 SR R T 1Y
JCEFEt ™ A NS o R DG ER M ) AR R
O RS I3, BT A5 S 160 ) i

2) HERME R . HERMERAS B2 R et L L
AR TORE R 2 ik L S AL Bk h 2k
7, 22 R FE AR B MR R AR AR R E
WK 5a P, HERME R EE kAT BRI, TR f%
P AERR R JLEHUME S A A .
HE TSR il B TO0RR R DA L s ) S A
RGN E Sb FE Se iR

2 2 IR LA A SR IR, S ALY kel A
ST, iE— YR ER I 3l; T 0 A% s LFDRE 3K
B i e D il TN A 2 i R RV R PRI,
J (RS 7 250 J3E B R SRR SR I (R DI AP el ™= A A
AL e i) 1z A2 SR R A AR R A, B
AR ESERL R

3) #rtr A gl o T A% TR B 2 e Rk o L

SEom LRI R

Ji 711 5)
Bl

SR L

(b) (©

K4 ELABARECRBETE

Fig.4 Schematic diagram of optical fiber deviation sensor
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Fig.12 Strain nephogram of an equal-strength cantilever beam
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Fig.18 Variation curves of central wavelength shift in fiber
bragg gratings with applied force in an equal-strength

cantilever beam
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Table 3 Table of data fitting between the applied force on an equal-strength cantilever beam and the
central wavelength shift of fiber bragg gratings
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Fig.20 Curves of temperature sensitivity experimental analysis
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Table 4 Table of data fitting for temperature compensation experiments

IR N A RENTIL S &R REEN0°NT
SRR AR y=21.596 1x—52.406 9 0.998 6 21.596 1
TR £ R AR y=19.521 2x—50.864 5 0.998 3 19.521 2
T N A y=19.641 3x—49.575 7 0.998 4 19.641 3
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