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Research on Current Segment Control of Flux-intensifying Interior Permanent Magnet Motor

Based on Multi-operating Region
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ABSTRACT: The flux-intensifying interior permanent magnet
(FI-IPM) motors feature the negative saliency, wide speed
regulation range, strong overload ability and etc. have a wide
potential application prospect in the fields of wide speed
regulation and multi-operation conditions. This paper focued
on the utilization of the negative saliency and wide speed range
characteristics, and a multi-running area current segment
control strategy was proposed for the motors. The whole
operating range of the FI-IPM motor was divided into four
parts, namely flux-enhance I, flux-enhance II, flux-weakening I
and flux-weakening II. Based on the current coordinated
control, the effective control of the motor in the multiple
operating areas was realized, and the current mutation and the
system instability caused by the positive to negative process of
the d axis current were solved. Moreover, the optimal current
trajectory could be obtained for the FI-IPM motor which could
enhance the load capacity and the stability of the control
system. Finally, experimental studies were carried out, and the

results verified the effectiveness and stability of the strategy.
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Flux-intensifying  interior =~ permanent magnet
(FI-IPM) motors have a characteristic of the negative
saliency, (Ls>L,). Compared with the interior permanent
magnet (IPM) motors with the positive saliency
characteristics (L,<L,;), FI-IPM motor has obvious
advantages in speed regulation range, overload capacity
and demagnetization of permanent magnet. As a result,
FI-IPM motor has attracted widespread attention from
experts in related fields at home and abroad.

Therefore, this paper focuses on the utilization of
the negative saliency and wide speed range
characteristics, and a multi-running area current segment
control strategy is proposed for the motors. The whole
operating range of the FI-IPM motor is divided into four
I 11,

flux-weakening I, and flux-weakening II. Based on the

parts, namely flux-enhance flux-enhance
current coordinated control, the effective control of the
motor in the multiple operating areas is realized, and the
current mutation and the system instability caused by the
positive to negative process of the d axis current are
solved. Moreover, the optimal current trajectory can be
obtained for the FI-IPM motor which can enhance the
load capacity and the stability of the control system. The
basic topology of the motor and the magnetic flux flow
path are shown in Fig. 1. The basic parameters of the
prototype are shown in Table 1.

The simulation model of FI-IPM motor control
system is constructed based on Matlab/Simulink, Finally,
a prototype was manufactured, an experimental test
platform was built, and Experimental results verify the
effectiveness of the control strategy.

Fig. 2 is the speed-current three-dimensional
trajectory map of each speed of the two control strategies
under the different load conditions. We can see from
Fig. 2(a) that the current change of the motor in the
flux-enhance I and the flux-enhance II is more intense,

and the stable state is reached with a very steep track.

S29

The sudden change of the current will increase the
instability of the system; Fig. 2(b) is a three- dimensional
figure under new current segment control strategy. It can
be clearly seen from the figure that the current changes
the I and the
flux-enhance II. Therefore, when the load or speed of the

more smoothly in flux-enhance

motor changes, the current only needs a small change to
make the motor enter a stable state, and the stability of

the whole system is improved.
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Fig. 1 Magnetic field distribution in d- and g-axis

Table 1 Parameters of the FI-IPM motor

Parameters Value Parameters Value
Rated speed/(r/min) 1200 d-axis inductance/mH 5.183
Rated torque/(N-m) 40 g-axis inductance/mH  4.158

Rated phase current/A 28 Rated power/kW 5
Phase 4 Phase resistance/Q 0.298
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Fig. 2 Speed-current of FI-IPM motor



