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Onlineg-axis Inductance Identification of IPM Synchronous Motor
Based on Relationship between Its Parameter Mismatch and Current Norm

Ji Xiang, Toshihiko Noguchi (Shizuoka University)

This paper proposes a new approach to achieve on-line identification gfa’ie inductance of the interior permanent
magnet synchronous motor (IPMSM) based on the relationship between the mismajandfthe d-axis feedback current.
The value of the d-axis feedback current depends on the mismdtghanid the consecutive samplings of the d-axis feedback
current make it possible to calculate the true valuéofThe proposed identification technique is examined through some
computer simulations. The simulation result demonstrates the fast convergence of the identified value to the true one with a
small error.
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1. Introduction

In recent years, interior permanent magnet (IPM) motors are
widely used in a variety of industry, home appliance and

automotive applications, owing to their high-efficiency and

high-power-density features.  The IPM motor is usually

controlled by means of a field-orientation technique (vector

control), and requires a current controller on the synchronous

rotating reference frame (dg-reference-frame) for the

instantaneous torque and the magnetic flux control. The current -

control on the dg-reference-frame mainly consists of the

coordinate transformation, the Pl regulation, and the decoupling -

compensation, which is based on the mathematical model of the Fig. 1. Field-oriented control system of IPM motor.

motor. Figure 1 shows the field-oriented control system of the

IPM motor. As can be seen in the figure, it is indispensable for

the controller not only to detect the magnetic-pole-position and
the motor currents, but also to know the motor parameters

accurately because the controller has an inverse model of the

motor. Identification of the motor parameters is significantly

important to control the motor properly in starting up of the

control as well as the running operation, and the on-line
parameter identification is particularly required during the
running condition. This paper proposes a novel technique to
achieve the on-line identification of the IPM motor parameters,

which requires only the d-axis feedback current information of

the motor. The proposed technique employs a P regulator

instead of the PI regulatdn the d-axis current control loop.
Using this techniqué, can be estimated by checking the d-axis

feedback current when the motor is working in the steady state. o n + o 4 1 - i

Some computer simulations have been conducted to check the - - A LR !
identification performance of the proposed technique in the u
paper.

(b) SimplifiedL, identification system.
Fig. 2. OnlinelL, identification system.
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Table 1. Parameters of test IPMSM.

Number of poles 4

Winding resistance 4.3Q
Gain of d-axis P regulator 1V/IA
g-axis inductance 67 mH
d-axis inductance 27 mH
Setupd-axis inductance 1.0 mH
Field flux linkage 0.544 Wb
Setup field flux linkage 1.0 Wb
Rotation speed 6000 r/min

2. Proposed Identification Technique

Figure 2(a) shows the proposeglidentification system. In the
system, the PI regulator used in the d-axis current control loop is
replaced with a P regulatoBecause the P regulator is unable to
eliminate the steady-state error, the mismatch péaffects the
d-axis feedback current. Figure 2(b) shows the simplifled
identification system. From Fig. 2(b), the rotation speed is equal

to its command, and the g-axis current is stable when the motor is

operated in the steady stdtecause both of the controllers consist
of the PI regulators. By setting the d-axis current command at
zero, the d-axis feedback current can be expressed as

@)

From (1), it is found that the mismatch df, has a linear

) R
lq =—9d_ (Lq _Lq).
Kpd +R

relationship with the d-axis feedback currefy when the
command ofthe d-axis current is seit zero. Based on this linear
characteristic, it is possible to estimate the true valuk;0As
shown in Fig. 3. The basic mathematic knowletigjés that if two
points on the line is known the whole equation of the line is
known.

By setting two different values a&f; to the system, which may
have the parameter mismatch, two corresponding d-feédback
current values are recorded in the memory. Assuming that the
following consecutive sampling actions are performed:

Id = Idl Whenl:q = qu, and

lg=lg whenLq = qu,

the true value of, can be calculated by the following equation:

_ Idqu2 - IdZqu

)

g = Tq2

Equation (2) implies that the true value lgf can be calculated
regardless of any parameters and any variables used in (1).
Therefore, the proposed identification technique requires only the
d-axis feedback current information to estimiae

3. Simulation Result

Some computer simulations have been conducted to verify the
identification performance of the proposed technique. Table
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Fig. 4. Simulation result df, identification.

ooooooo

shows the test motor parameters which are used in the
simulations.
One of the simulation results is shown in Fig. 4. The rotation

speed andhe g-axis currentre controlled to be equal to their

commands. As|:q of the controller changes froly, to Ly, and

s0 on, the d-axis feedback current also accordingly changes. The
final identification result is 66.48 mHyhere the true value is 67
mH. The identification error is 0.78%, and the convergence time
for the identification is only 0.08 s.

4. Conclusion

The online parameter identification technique of the IPM
motor has been proposed in this paper. The most unique features
of the technique are capability to identify by using only the
motor d-axis feedback current information, and robustness to the
winding resistance variation as well as the control variables.
According to the simulation result, the proposed technique can
estimatel, within the identification error of 0.78%.
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