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Abstract: Six-phase permanent magnet synchronous motors
have the ability of phase-deficient operation, thus precise
prediction of their high resistance connection state must be
made to ensure effective disconnection for faulty lines,
prevent  protection  misoperation caused by  system
disturbances, and provide reliable criteria for fault-tolerant
control. A mathematical model for complete decoupling of six-
phase permanent magnet synchronous motor is established
based on vector space decomposition, and its control system
model is established. Motor signals in normal state and high
resistance connection state are collected, and their energy
distance features are extracted by wavelet packet
decomposition, input to the back propagation neural network
for offline training, and finally applied to sense development
situation of high resistance connection state online under
drastic conditions. Simulations are carried out based on
Matlab, and the results show that the proposed strategy can
identify  high resistance

effectively connection  state,

sensitively sense its development situation, send warning
signals before the high resistance faults occur, and have
certain robustness to drastic conditions.
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Fig.3 Output results of the system in normal
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Fig.5 Schematic diagram of three-layer wavelet
decomposition
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Fig. 6 Schematic diagram of three-layer wavelet packet

decomposition
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Fig.8 Sensing strategy for system operation state
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Fig. 11 Output results of HRC state sensing system
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Six-phase permanent magnet synchronous motor
( SP-PMSM ) has the ability of phase-deficient
operation, thus precise prediction of their high
resistance connection ( HRC) state must be made to
ensure effective disconnection for faulty lines,
prevent protection misoperation caused by system
disturbances, and provide reliable criteria for fault-
tolerant control.

A control system model of SP-PMSM is
established to obtain sample data of the HRC state
sensing system. The speed, torque and current
signals of SP-PMSM in normal state and HRC state
are collected under drastic conditions.

The HRC state sensing strategy applied to the
SP-PMSM drive system can be divided into two
parts; model offline training and real-time online
sensing. The specific implementation steps are as
follows :

(1) Connect an additional series resistance Ry
in the W-phase of SP-PMSM.

(2) Obtain normal state data: Set Ry to 0 and
collect signals S, under different working conditions.
Per-form 4-layer wavelet packet decomposition (WPD)
on S

last layer nodes. Combine 8 channels into a feature

and extract energy distance features from the

no

S1

vector E with the current state marked as O.

dno

(3) Obtain HRC state data; Set Ry to 2 ) and
collect signals S, under different working conditions.
Perform 4-layers WPD on S,, and extract energy

distance features from the last layer nodes. Combine

8 channels into a feature vector E,,, with the
current state marked as 1.
(4) Offline training: The vectors E,  and E_ ,,

along with their corresponding labels 0 and 1, are
used as input samples for the back propagation neural
network. After offline training, the optimal model is
saved.

(5) Online sensing: Let Ry change between 0
and 2 ), and collect signals S, in real-time. Obtain
a feature vector E,, with an unknown label using the
same method as above. Input E, into the optimal
model. Based on output y,, sense the current HRC
situation, evaluate severity, and issue warning
signals.

Simulation is carried out based on Matlab, and
the results show that the proposed strategy can
effectively identify HRC state, sensitively sense its
development situation, send warning signals before
high resistance faults occur, and have certain

robustness to drastic conditions.
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