W45 % 6 2/ M Fx % W Vol. 45 No. 6
2024 4E 6 A Chinese Journal of Scientific Instrument Jun. 2024

DOI: 10. 19650/j. enki. cjsi. J2312015

= A R A S AR A B IR 5

AR N FAR RSGR F ks A !
(1. BB T RFHLE TRE% B9 650500; 2. RHMBRHEERAR BB 650211;
3. BRUIE TR~ B 650500)

7 OEEE G A REERCRIRNT SR FR T HE 40V 4 AR 2k W B R R R YOG A IR T — AT S A &
Wit ABEE R, 53T RS RE L SRR T B ANE, QU AR T —Fh I T e AL R B T R, T R
PTG S A R A R A R BE K 4R B IE v 5 r g8 R T V) A1 AT e 5 AR AT, A T BRI
RefL . D7 ELASRFRW] %07 S0 LU LA Jr 48 W AR 45 B /3 00 2 BB O 5 Wb s R o8 30 0% FE G 3 F BB 50% 1 1 4R T
S GAWRITO B SWAEMB R, #E— 50— HL T RS REFIREE R 45 S 800 4 B T I vl R R s ), O 45 1R B A
HIRAL BT 7 56 o BRJE HIAERENL, 708 5050 3 25 00 PR AH DG S0 0 AR SC 0 25 3, — IR M HL 3t 50 A, = ZHZR BB 2L 2 100 [T A 3
K HIhE A 2. 243 mW,

KEBIA . U BER Y A BRR s RGN T

hE 4SS THT07 SCRRERINAG . A E RAR A F R 4> 4R 480. 50

Research on the high-efficient coupling energy self-harvesting
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Abstract: Currently, the low self-harvesting efficiency of three-core cables has become a critical limitation for the application of online
monitoring technology along cable routes. To address this issue, this paper proposes a novel magnetic field self-harvesting solution for
three-core cables. Unlike traditional energy harvesting approaches based on the principle of transformers, this study innovatively proposes
a magnetic field harvesting approach based on motor principles. This approach enhances the coupling between the core and the rotating
magnetic field generated by the three-phase current, modifying the normal orientation of coil from tangentially parallel to the cable surface
to radially parallel, and identifies the optimal energy harvesting position of device. The simulation results demonstrate that the approach
proposed in this study yields higher open-circuit voltage and output power of coil compared to previous reported methods, thereby
providing a significant enhancement of magnetic field self-harvesting efficiency. By combining finite element simulations with neural
network algorithms, further analysis is conducted to assess the impact of parameters such as primary-current, material and dimensions of
magnetic core on the open-circuit voltage of coils. Accordingly the optimization design strategies are proposed. Finally, a prototype is
constructed and experiments are conducted in a laboratory setting. It's found that the maximum output power is 2.243 mW when the
primary-side current is 50 A and three sets of coils possess 2 100 turns.
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Fig. 1 Geometric modeling of single-core and three-core cables
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Fig.2 The strengths of radial and tangential magnetic
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Influence of toroidal cores on the external
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Fig. 5 Radial component pattern of external magnetic

field strength for three-core cable
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Fig. 6 Schematic diagram of the core shape in this article
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