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Abstract . [Objective] To provide important theoretical basis
and technical references for the selection of open phase fault
diagnosis methods and the formulation of fault-tolerant control
strategies for the dual three-phase permanent magnet
synchronous motor ( DTP-PMSM) , this paper investigates the
fault characteristics of the DTP-PMSMs with open phase,
including the current, voltage, torque, copper loss, and
efficiency, as well as the impacts of the faults on the motor.
[Methods] Firstly, the vector space completely decoupling
control of DTP-PMSM was briefly introduced. Secondly,
based on the dual three-phase vector space completely
decoupling theory and dual-dg transform theory, the general
expression of the current of DTP-PMSM with open phase fault
was given by wusing the symmetric component method
according to the asymmetric system characteristics of the
motor during the fault. Then, the torque, copper loss,
efficiency and voltage in different coordinate systems were
systematically analyzed and evaluated and compared with the
performance of the motor during normal operation. Finally,
experiments were conducted on the DTP-PMSM under both
normal and open phase operation, comparing the experimental
results with theoretical analysis and simulation results from
time-domain and vector diagram perspectives. [Results] The
experimental results indicated that when the DTP-PMSM
adopted vector space completely decoupling control and
experienced an open phase fault, the amplitude of the
remaining healthy phase currents increased. The trajectory of
i and u,, in the fundamental subspace became distorted,
and the harmonic currents and voltages escalated. At the
same time, the DC component of copper loss increased by
38.09% , the second harmonic torque increased up to 40.76%
of its DC component, and the efficiency decreased by
11.85% . [Conclusion] The experimental results validate the

correctness of the theoretical analysis and simulation results

on the open phase fault characteristics of the DTP-PMSM
proposed in this paper, and provide support for subsequent
fault-tolerant control and fault detection in DTP-PMSM under
open phase fault conditions.

Key words: symmetrical component method; dual three-
phase permanent magnet synchronous motor; vector space

completely decoupling; open phase fault; fault characteristic
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Fig.7 Simulation results of electromagnetic torque
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Fig. 8 Simulation results of efficiency
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Fig.9 Experimental platform
G P AR B 58 R TMS320F28335,
PWM J5% 4 10 kHz, SEIX A A 2 us, 10728 %% 1
TMIBRZ L sy 80 V., HLAILES B 300 rpm, ik
I 67 34 4 25 N-m , DTP-PMSM {56 2 %

K3 PR,
%3 DTP-PMSM iK%
Tab.3 Experimental parameters of DTP-PMSM
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Fig. 10 Experimental results of six-phase stator currents
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Fig. 11 Experimental results in stationary

coordinate system
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Fig. 12 Experimental results of current vector

trajectories in stationary coordinate system
DB HEIRIE | (0 ML IR e e 1 2 e A W2, 520
HBLIEAT; B i, BB BT B T RN R 0, 1
IR R AL O, FELLABAFE RS R, S B ALIB 78K
FRBRAR Hh 005 B B0 6 28R T T R

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



B &, 55 S AR R ) A0 A AL AT R 1

RUAN Lei, et al: Fault Characteristics Analysis of Dual Three-phase Permanent Magnet Synchronous Motor with

966

Open Phase

FH S Wi, F 0, BRI 06 25 S
s G RS 25 57

TE dg " bs 2 M d,q,d,q, 2 Fr 2T, DTP-
PMSM B HL i B 45 SR an &l 13 i,

13 dq BI5EM d,q,d,q, BIRETH
BRI R
Fig. 13 Experimental results of current in dg and
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Fig. 14 Experimental results of voltage vector

trajectories in stationary coordinate system
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Fig. 15 Experimental results of copper loss
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Fig. 16 Experimental results of electromagnetic torque
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Fig. 17 Experimental results of input power,

output power and efficiency
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