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An Operation Optimization Method for Long Distance Belt Conveyors
Driven by Digital Twin
YANG Chun-Yu' BU Ling-Chao' CHEN Bin'

Abstract Long distance belt conveyors are used as a main tool for transporting bulk materials in the fields of
mines, ports and so on. For the safe and energy saving operation of long distance belt conveyors, the operation op-
timization method driven by digital twin is studied. Firstly, the framework of the operation optimization driven by
digital twin is constructed, which includes digital twin models, model synchronization algorithms, control strategy,
and realistic belt conveyors. Then, digital twin models are established, including the dynamic model of conveyor
belt based on the variable quality Newton’s second law and finite element analysis method, material flow dynamic
model and dynamic energy model. Finally, the decision-simulation-correction (DSC) optimization method driven by
digital twin is proposed, which can optimize the steady and transient belt speed of the belt conveyor to build a feas-
ible speed setting curve. Experiments show that the operation optimization method driven by digital twin can res-
ult in a belt conveyor that is both safe and energy efficient. Compared with the traditional method, the proposed
method can adjust the belt speed setpoint in real-time based on operating conditions, increasing the conveyor belt
fill rate, which results in energy savings of 13.87%.
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Fig.1  The modes of traditional control and optimiza-
tion control driven by digital twin
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Table 1 The significance of the symbols of the conveyor belt dynamic model
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Fig.8 Hardware-in-the-loop simulation platform
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Table 2  The parameters value of belt conveyor
(il HfE (i) HfE
C 1.336 qrU 7.76 kg/m
f 0.024 Qmax 176.37 kg/m
g 9.8 m/s* SA. min 5.4
L 313.25 m S5, min 8
my 4000 kg e 180°
qB 18.73 kg/m My 0.35
9RO 15.75 kg/m
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BAT I 22 VR R AT R I 2 e, 22 A sk
56 VB 07 LR RO, 0 G SR 1 B A L R
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AR YRS B0 By 2R A KB B AT AL TT VA Y
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N T TR AL £k, AR S50 B E B 500 s 22
AR IR RHE R, 4 R AR 7 BN 555 kg/s-
361 kg/s\ 472 kg/s 1 333 kg/s.
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SRAFI 4 RIS A1 70 A0 17 sv 6 sv 4 s Fl 4 s,
H 3T 30 (28) TR 1E 1 E 2k

2) i H VA

BT R AR AR A B E 2k R4
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Table 3  The process of iterative optimization
IEARIR L AR TR Dt (s) Uy (M-57°%) Fry (kN) Pr, (kN) APFr, (kN) q(kg-m™")

1 17 0.291 41.97 17.47 4.69 0
2 6 —0.275 60.86 36.36 11.39 176.19

0 3 4 0.223 45.10 20.60 15.04 176.10
4 4 —-0.279 65.96 41.46 17.88 176.12
1 17 0.291 41.97 17.47 4.69 0
2 8 —0.212 55.27 30.77 6.47 176.19

! 3 7 0.140 42.84 18.34 4.07 176.10
4 7 —0.176 52.42 27.92 6.05 176.12
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