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An electromagnetic stirring power supply with a high density magnetic field and
its fault tolerant methods

XIANG Xinxing', LUO An', LI Yan?, CHEN Yandong'
(1. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
2. School of Automation, Central South University, Changsha 410083, China)

Abstract: The fault tolerant topology and control strategy for a power supply of an electromagnetic stirring system with
high density magnetic field are proposed to improve the reliability and stability of the system. First, the operating
principle of the electromagnetic stirring system with a high density magnetic field is analyzed. Secondly, the fault-tolerant
topology design of the fore-stage three-phase rectifier and the back-stage two-phase orthogonal inverter of the
electromagnetic stirring power supply are respectively carried out to improve the reliability of the electromagnetic stirring
power supply in the structure. A pulse reset method is proposed. It combines with the respective control methods of the
front and back stages to form a fault-tolerant control strategy, so that the fault-tolerant electromagnetic stirring power
supply does not need to convert the control algorithm before and after the fault to improve the reliability of the
electromagnetic stirring power supply in the control algorithm. The correctness of the fault-tolerant electromagnetic
stirring power supply topology and its fault-tolerant control strategy are verified by simulation and experimental results.
This work is supported by National Key Research and Development Program of China (No. 2016YFB0601302).
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Fig. 1 Fault-tolerant topology of electromagnetic stirring power supply



_64- ® & AEY B

G OREBE P A AR IE 5 1
(B VeSS N T (7S N S SRS UL S = Rk iR K
PR ELIEAE, DB BEPE AR 2y X Jm S A2 3
A, i P BOE ARG DR IT T R A
I o D] LM i 20 A s LU AT s B 0 e A
R FH BRI W PO 1] T 2B T 9% 70 1) 6 i it
SR PG ARG IAT TR v, Wl 1 AL
LMEPTZR o J P AR A8 I AR 5 M L TR SAR 1)
PR S BLAT S S8 I AR S ] o

1.2 REGHEHHEERENTERE

PR PR YR T AR IR RS, X
(MR 2 BT o

PR LAY FELYR ) T S A 5 S AR
R TR T O R A W, T 3 A S () Bk
VSRR (1 A= SR VAR QIR 5 5 ) b S Y AT
P s R RN AR S . MR SRR SR
Kl 3 s

“/m

VR1|—_VR3}— VRS ]
2 1 1 _’7(1 _|

> u,,
J g 2 —
VR2 VR4~ VR6

J .
V4 A%

2 R IR T EE TIERTSHRINE A

Fig. 2 Topology of electromagnetic stirring power supply in normal operating state
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Fig. 3 Fault reconstruction topology of the electromagnetic stirring power supply
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Table 1 Rectifier switch status

75 [ {SiPS I W7 bigi A
1 Vri Fri TR, a(Vg7, Virs)
2 Vke Fra TR, a(Vg7, Vrs)
3 Vrs Fr3 TRy, b(Vr7, Vrs)
4 Vra Fra TRy b(Vr7, Vrs)
5 Vrs Frs TR, ¢(VRr7, Virs)
6 Vre Fre TR ¢(VRr7, Vis)
7 Vri&Vra Fri&Fro TR, a(Vg7, Virs)
8 Vrs& V4 Frs&Frs TR, b(Vr7, Vrs)
9 Vrs&Vre Frs&Frs TR, c(Vr7, VRrs)
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Table 2 Inverter switch status
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13 V4&Vs Fs&F3;&F4 TRow&TR3s
w(Cy, Cp)
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Fig. 4 Fore-stage rectifier control method
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Fig. 6 Simulation results of system
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Fig. 7 Experimental results at normal operation
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Fig. 8 Experimental results at fault tolerance operation
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