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ABSTRACT: In order to reduce the influence of cogging
torque on the control performance of permanent magnet
synchronous motor (PMSM) servo system, an internal model
observer in series with extended state observer was proposed to
achieve better cogging torque observation and disturbance
compensation control. By modeling the cogging torque and
analyzing the amplitude-frequency characteristics of the
observers, it is pointed out that the conventional observers have
problems such as poor periodic disturbance observation,
low-frequency disturbance amplification, high system order
and strict bandwidth requirements. Theoretical derivation,
simulation calculation, experimental verification and
comparative analysis were carried out for the proposed
observer, and it can be proved that the series form of the
extended state observer for estimating the low-frequency
disturbance and the internal model observer for estimating the
cogging torque is excellent at disturbance observation. The
proposed observer was applied to the PMSM servo system.
Therefore, the speed fluctuation and tracking error can be
reduced by about 40%, and the bandwidth of the observer can
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be reduced by about 60%. Meanwhile, the stability of the
algorithm and the ability of rejecting low-frequency

disturbances can be enhanced.

KEY WORDS: permanent magnet synchronous motor
(PMSM); cogging torque; internal model observer; extended

state observer; bandwidth
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Fig. 9 Total disturbance estimated by the proposed observer and FFT result under different bandwidths
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An internal model observer in series with extended
state observer is proposed to achieve better cogging
torque observation and disturbance compensation control
to reduce the influence of cogging torque on the control
performance of Permanent Magnet Synchronous Motor
(PMSM) servo system. The proposed structure of the
internal model observer in series with extended state

observer in this paper is shown in Fig. 1.
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Fig.1 System with novel IM observer in series with ESO

The basic structure of the observer is discussed by
utilizing the control strategy of i4=0. In the form of series
observers, a high pass filter is allowed to be added in
front of the input signal of the internal model observer to
improve its observation performance. In addition, the
order of the observer is reduced, and the stability of the
system is improved by using the structure of series
observers. The proposed internal model observer in
series with extended state observer can be expressed as:
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where, yr is the permanent magnet flux linkage, i, is the
g-axis current, J is the moment of inertia, z; and z, are
the estimated disturbance values of ESO, z3 and zs are
the estimated values of the first and second harmonics of
cogging torque, z4 and z¢ are intermediate variables, @,
and @, are the frequencies of the first and second

S27

harmonics of cogging torque, /; and /, are the observed
gains of ESO, f, Iy, Is, l¢ are the gains of the internal
model observer, £ represents the inverse Laplace
transform, * represents the convolution operation.

The comparison result on the total disturbance
between ESO and the proposed observer is shown in
Fig. 2. The total disturbance estimated by the two
observers are roughly the same. The maximum
bandwidth of ESO is 3000rad/s. However, the bandwidth
of the proposed observer can continue to increase from
the
advantage of the proposed observer is not only to

1000rad/s without introducing noise. Therefore,

estimate the cogging torque with smaller bandwidth, but
also to avoid introducing noise into the system.
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Fig.2 Comparison on the total disturbance between ESO
and the proposed observer
The curves of speed under different proposed
observer bandwidths and FFT are shown in Fig. 3. The
minimum speed fluctuation of traditional ESO is about
10r/min and that of the proposed observer can be
reduced to 6r/min. Therefore, the speed fluctuation of the
system is reduced by 40% with the proposed observer.
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Fig.3 Curve of the PMSM speed under different proposed
observer bandwidths and FFT



