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In this paper, active damping control based virtual positive impedance for a
PMSM driver is proposed. The proposed model is assumed to achieve the better
motor current with a better harmonic response. 6 switches can be employed in the
design of the driver to obtain high performance with a simultaneous reduction in

Keywords the motor current harmonics and thus the torque ripple of PMSM. However, the
reduction of input current harmonics is very important to operate the PMSM with
?l\agM less cogging torque. The proposed concept offers a significant decreasing in

VP harmonics. Thus, the effect of VPI on the cogging torque can be understood. The
inverter with a Field Oriented Control (FOC) method operates in 3-phase and 20
kHz switching frequency. The PMSM motor is fed by the inverter. The VPI based
active damping control for the motor drive is discussed to confirm the
performance of the proposed method. The simulation results based on MATLAB
are provided to validate the proposed control strategy.

1. Introduction

Last trends in control methods area show that a better
control approach supplies more desired results [1]. It
means better control is the more efficiently system
[1-5]. Especially, motor drivers must have more
efficient. Because of the fact that complicated linear
or nonlinear loads are used more than ever. Also
using multi drivers cause more unexpected situation.
Both variable speed drivers and adjustable speed
drivers have the embedded diode-rectifier. It has
high nonlinear characteristic due to nonsinusoidal
input  currents. However, this nonlinear
characteristic leads more cogging torque on the
motor, even if it is designed very well [6, 7]. In order
to achieve longer lifetime drivers, the modulation of
switch and inverter design must be succeeded beside
the control method [8-11].

This paper investigates the cogging torque issue of
PMSM. Using active damping control (ADC) and
virtual positive impedance method (VPI), increasing

the performance of inverter is investigated. Thanks
to desired inverter behaviour, the cogging torque of
the motor can be decreased [12, 13].

A new inverter model is simulated according to the
control method. Two case are designed and
compared for understanding results of this control
method on proposed cases. Case 1 is classical field
oriented control (FOC) method without ADC based
VPI method. And using ADC based VPI in FOC is
case 2. After the simulation results, the DC bus
voltage and motor currents are discussed.

2. System Description

2.1. Driver of the PMSM

This driver system, as shown in Fig. 1, consists of 5
divisions. They are a grid connected
autotransformer, a diode rectifier, DC link
capacitors, an inverter and a sensor card In Fig. 1,
400V-48Hz grid supplied the.
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Figure 2. Inverter System

autotransformer transforms to voltage value from
400V to 48V. Then the diode rectifier rectifies AC
48V to DC 48V. Thanks to DC link capacitors, the
DC voltage value gets closer to constant 48V with
some voltage ripples. The inverter system feds the
motor with AC 50V. Lastly, the motor currents are
measured from sensor card and transferred to
DSpace system. PWM signals are generated using
control method with or without ADC based VPI on
d-q frame.

2.2. Inverter System

Designed and simulated inverter system is given in
Fig 2. PWM signals, hall sensor data cables, an
optoisolator card, IGBT drivers, IGBTs and snubber
circuits and motor measuring data cables can be seen
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below. Generated PWM signals are isolated from the
optoisolator card. Then IGBT switches produce the
AC voltage thanks to these PWM signals. Here, hall
sensor data can be used when sensored position
control is achieved. The block diagram of this
inverter is illustrated in Fig 3 Above, the speed
control and the position control can be desired in this
inverter. But, only the speed control is realized in
this study.

2.3. Control Methods

The virtual impedance method supplies less voltage
ripples on DC link voltage. Thus, the inverter can be
more stable thanks to more stable DC link voltage
value. The VVPI block diagram is displayed in Fig 4.
Using VPI method, DC link voltage feedback go into
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Figure 4. Block Diagram of VPI method.

HPF block. Firstly, the high pass process but totally
the low pass operation is realized in this block. The
DC reference voltage value ise used for generating
PWM signals. VPI method in FOC control and the
FOC control block diagram in DSpace and
simulation is given in Fig. 5. Clarke-Park
Transformation and PI control are used in this FOC
block.

3. Simulation of the System

Two case are designed in Matlab by using Fig. 1,
Fig. 2, Fig. 3, Fig. 4 and Fig. 5. The main difference
of two cases is using ADC based VPI method in case
2. Thus, the cogging torque results are obtained from
two cases. Table 1 gives the cogging torque results
of two cases. Cogging torque results of 3kW-48V
PMSM motor are represented in Table 1. The
cogging torque value of Case 1 is 0.444Nm. When
using ADC based VPI method, the cogging torque
value is 0.327Nm for Case 2. Although two parallel
5e-2F capacitor filter the diode rectifier output,
voltage ripples on the DC link voltage cause worse
trapezoidal voltage signals in output of the inverter.
But better voltage output and better results are
obtained when ADC based VPI is used as seen in
Fig. 6. This figure and results are come into by using
Eq. 1,
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Table 1. Cogging Torque Results.

Models Cogging Torque (Nm)
Case 1 0.444
Case 2 0.327
Eg. 2, Eg. 3 and Eq. 4.
1 .- dR
Tcog =3 wf] a0 (1)

where @ is the air gap flux, dR is air gap reluctance
and d@ is angle of rotation. Periodically changing the
reluctance of the air gap causes periodically
changing of the cogging torque. Because of this
periodic variation, the value of the cogging torque
can be calculated by the Fourier series.

Tcog Om) = Z?:lTk sin(kN;60y, + @x) 2)
where the rotor position is 8,,,, Ty, is the amplitude of
k th harmonic, ¢y, is the phase angle of k th harmonic
and N, is the least common multiple of rotor pole
number and stator slot number. Also, the density of
the surface flux of ideal slotless motor can be
expressed as,
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where Rm is the outer radius of the magnet, Rs is the
outer radius of the stator, Rr is the outer radius of the
rotor, p is the double pole number and ap is the pole
step.

4. Conclusion

The active damping control based virtual positive
impedance is developed for a PMSM driver is FOC
control. After two cases are designed, the better
motor current with less voltage ripple on the DC link
voltage is get by ADC based VPI method. In order
to achieve longer lifetime and high performance
motor driver, it must be more stable with less voltage
ripple and less cogging torque. Simulated cases
show that the more stable driver and the less cogging
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torque can be obtained using ADC based VPI
method in FOC.
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