World Electric Vehicle Journal Vol. 4 - ISSN 2032-6653 - © 2010 WEVA

Page000610

EVS25
Shenzhen, China, Nov 5-9, 2010

On-line Parameter Estimation Method for IPMSM Based
on Decoupling Control
Aimeng Wang,Xingwang Jia,Wenjuan Shi
School of Electrical and Electronic Engineering, North China Electric Power University,
619 North of Yonghua Street, Baoding, Hebei, China
E-mail: aimeng_068@163.com

Abstract
This paper proposed on-line parameter estimation method to compensate the magnetic cross-saturation
effect on the interior permanent magnet synchronous motor (IPMSM) control system for electric vehicle.
The decoupling control model for IPMSM with magnetic saturation compensation based on SVPWM
(Space Vector PWM) method is established. Though comparing the simulation results between model with
saturation compensation of parameter estimation and ones without saturation compensation, it is verified
that the control performance with saturation compensation is more stable and more accurate than that of
without compensation over speed operating region especially at higher speed. The on-line parameter
estimation method based on decoupling control improves the system following-up performance, robustness
and the control accuracy effectively.
Keywords: Decoupling control, Compensation of magnetic saturation, SVPWM, On-line parameter estimation

1 Introduction
IPMSM has become popular choices for
high-performance traction applications used in
production hybrid vehicles including the Toyota
Prius, and Ford Escape. The emergence has been
driven by a combination of factors including the
cost reduction of magnet material and the attractive

performance features of IPMSM that include
high power density, high efficiency, and an
ability to achieve wide speed ranges of
constant-power operation[1-3].
IPMSM
is
nonlinear
and
strongly
cross-coupling system with many variable
parameters. Since the effective air gap in the
IPMSM is small and therefore, the effects of
magnetic saturation and cross-saturation are

EVS25 World Battery, Hybrid and Fuel Cell Electric Vehicle Symposium

1

World Electric Vehicle Journal Vol. 4 - ISSN 2032-6653 - © 2010 WEVA

performance is affected by magnetic saturation.
The q- and d-axes inductances changing with qand d-axes currents in IPM motor are shown in
figure.1. The q- and d-axes inductance values
are respectively 0.47mH and 0.2mH in rated
operation.
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dominant,
which
influence
its control
performances [4]. Mostly previous work reported
in the literature has focused on cross saturation
model and saturation impacts on IPMSM drives
[5-8]. In this paper, the purpose is to present an
improved current control method for IPMSM
considering for magnetic saturation and
cross-coupling based on decoupling control
method by using SVPWM technology. Since the
inductance is a function of d- and q-axes current
that vary with operating conditions due to
magnetic saturation, the compensated value of
inductance is used in the control algorithm.
Several models of IPMSM drives are set up by
using different parameters including linear and
nonlinear magnetic cross-saturation inductance
parameters of the machine in flux-weakening
control. Through the comparison of different
models verify the excellent performance of the
control system with decoupling control and
compensation of magnetic saturation.
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Asymmetric rotor structure of IPMSM makes the
d- and q-axes inductances different and exist
serious cross-saturation, which will affect the
accuracy of output torque and stability of the
control system.
For IPMSM, due to the permanent magnet axial
position in the d-axis and the larger effective
air-gap length on the d-axis, the variation of
magnetizing reactance depending on Id current is
minimal and therefore the Ld is assumed constant
value. However, the effective air-gap length on the
q-axis is small and the magnetic saturation is
dominant. The q-axis inductance varies depending
on the q-axis current and as a result, the control
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Figure 1: Variation of q- and d-axes inductance versus
q- and d-axes current

2.2 Effect of Magnetic Saturation
In IPM motor, the main effect of magnetic
saturation is that the q-axis inductance Lq
varies with the q-axis current and the d-axis
inductance Ld varies with the d-axis current,
and, as a result, the control performance is
affected. Magnetic saturation produces an
interaction or cross-coupling between the dand q-axes. The cross-coupling is presented
mainly as the effected of a q-axis current on
the back-emf or magnet flux, the back-emf
reducing slightly with an increase of q-axis
current due to the magnetic saturation on the
d-axis. Therefore, the effects of cross-coupling
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exist mainly in the low speed range. The torque
and the terminal voltage reduce when the control
system operate with maximum torque per amp
control, as shown in figure.2. In flux-weakening
range, the demagnetizing current Id is increase
while Iq must be reduced, as a result Lq increase
as shown in figure 1. If the Lq is assumed to be a
constant parameter, i.e the magnetic saturation is
ignored, so the control performance become
worse and the control system may be unstable. To
improve the control system performance, the
effect of saturation is compensated using on-line
parameter estimation method.
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can obtain suitable model equations for efficient
and compact parameter estimation, the d and
q-axes inductance estimation model become:

 Ld = (U q − Rs iq − ωrψ f ) ωeid

 Lq = ( Rs id − U d ) ωeiq

(1)

The estimation parameter from one model is
independent of the dynamics of the other model
[9]. The parameter estimation model including
differentiation terms in mathematical model of
IPMSM makes control system complicated and
unstable. The inductance parameter motivated by
several concerns is variable greatly range, which
affects the system stability and accuracy and
can not follow precisely inductance parameter
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Figure 2: Comparison of torque and terminal voltage vs .Is
current with saturation and without ones at the condition
of MTPA region.(a) Torque ; (b) Terminal voltage

3 Parameter Estimation Method
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Figure 3: On-line parameter estimation model of q-axis

3.1 The On-line Estimation Method of
Inductance

inductance

By neglecting the derivative terms of mathematical
model of IPMSM which are zero at steady state, we
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q-axes current controls. The decoupling block is
shown in figure 5.
Decoupling model is established through
theoretical analysis.

udec = ud∗ − ωe Lˆq iq

∗
uqec = uq + ωe (ψ f + Ld id )

150

-50
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(2)

Where id, iq are the d- and q-axes components of
armature currents, u*d and u*q are the d- and
q-axes of terminal voltages, Ψf are the permanent
magnet flux linkage, Ld and L^q are the d- and
q-axes stator inductances, udec, uqec are the
decoupling voltages.
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Figure 4: The q-axis inductance from on-line parameter
estimation model (a) Torque; (b) Q-axis current; (c) Q-axis

ωe i q

inductance

3.2 The Decoupling Algorithm
In the IPMSM vector control system, Id, Iq and Ud,
Uq exist cross-coupling which is ignored to
simplify the control strategy. Especially, in the
high-performance
control
system,
this
simplification will affect the integration of control
performance. The d-and q-axes currents cannot be
controlled independently by Ud and Uq, due to
cross-coupling effects between d- and q-axes
back-emf. In low-speed region, the influence of
cross-coupling is small to the control system.
However, the effect increases as the speed
increases, especially in high-speed flux-weakening
region, the current responses is affected by
cross-coupling effect. The terminal voltage
exceeds the limited value in this region, the same
time, the current controller is saturated and the
actual current cannot follow the commanded
current. So the feedforward decoupling method is
used to compensate the terminal voltage. The
decoupling block is added to the speed control
system. It eliminates interactions between d- and

iq∗

−

+

i q−

Figure 5: Decoupling model with parameters
compensation

4 Control System and Results
Figure.6 describes the variable-speed IPMSM
drive system on which the decoupling scheme is
investigated. In the constant torque region, the
reluctance torque developed by saliency is
exploited through the maximum torque per
ampere control strategy. In the constant power
region, the flux-weakening control is used to
extend the speed range. The parameters of IPM
motor are listed in the Table.1.
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Figure 6: Control block diagram of the proposed strategy for IPMSM with compensation of magnetic saturation
Table 1: A 7.5kW IPM motor parameters

Parameter

Value

Number of pole pairs

4

Armature resistance

0.025Ω

Magnet flux-linkage

0.062Wb

D-axis inductance

0.2mH

Q-axis inductance

0.47mH

Maximum torque

24N·m

quickly the commanded speed, i.e the dynamic
performance is optimal. The inductance
parameter estimation model established in
control system compensates the effect of
magnetic saturation, as shown in figure.8. The
IPMSM control system with compensation of
magnetic saturation extends speed range and
improves the output torque in high speed range.
60

decoupling model w ith parameter estimation

7.5kW

Maximum speed

6500rpm

The decoupling control is equal to the
compensation of terminal voltage and this effect is
apparent, especially in high-speed range, as shown
in figure.7.The motor start quickly to the
commanded speed by higher start torque, and the
followed performance is ideal, no overshoot. When
added the 5 N·m load at 0.15s, the speed reduce
slightly and is recovered immediately. Then the
control system step up from 1000rmp to 3000rpm
at 0.25s and it with decoupling control reaches the
commanded speed faster than ones without
decoupling control. The decoupling control makes
motor mathematical models linear and control
system stabilizing fast when added load torque.
The start torque is improved and the motor reaches
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Figure 7: Step responses of speed and torque with and
without decoupling compensation in flux-weakening
range
(w* :1000→3000rpm, Te :0→5N·m) (a) Torque, (b)
Speed,
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control method can effectively improve the system
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parameter in machine. Therefore, it should find a
wide application in the design of high-performance
drive system for interior permanent magnet motor
taking account for magnetic saturation.
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