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Electrolytic capacitor
 Short lifetime
 Large volume
 Need PFC circuit
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Film capacitor
 High reliability
 Small volume
 Without PFC circuit
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Introduction
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 LC resonance
 Obvious grid current harmonics
 Drive system stability

 Beat phenomenon
 Obvious grid current harmonics
 Drive system stability

Practical issues
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 Stator current
harmonics

 Harmonics
caused by LC
resonance

Grid side performance

Grid current analysis
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 Stator current suppression loop

 Repetitive controller of specified frequency

Harmonics caused by stator currents

Introduction
Grid current performance improvement

back electromotive force
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 Grid side resonance information detection

 Power exchange between line inductor and film capacitor

 Voltage and current command

Harmonics caused by LC resonance
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Drive system characteristic equation:

Introduction
LC resonance suppression method to
enhance drive system stability

Stability control methods:

Nannan Zhao 
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Introduction
Drive system equipped with small line inductance
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Drive system with small line inductance
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Resonance characteristic analysis
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Introduction
Drive system characteristic analysis
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Introduction
Drive system characteristic analysis

As line inductance decreases:

 the LC resonant frequency increases

 the magnitude of the resonant DC-link
voltage decreases

 Make it more difficult to suppress the
LC resonance
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Impedance model of IPMSM
Impedance model construction
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 Inverter power：

 Motor admittance：

 LC filter admittance： Small signal of motor voltage：
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Drive system impedance model
Drive system characteristic analysis
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Drive system model

 Grid input impedance：
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different DC-link capacitance

16Harbin Institute of Technology, Nannan Zhao 



 Impedance model of IPMSM

 Drive system performance evaluation

Experimental Results

 Introduction

 Drive system impedance model

A DC-link Voltage Estimation Based Active Damping Control Method 
of Single-phase Reduced DC-link Capacitance Motor Drives

17Harbin Institute of Technology, Nannan Zhao 



Drive system performance evaluation
Drive system performance evaluation

 Resonant DC-link voltage estimation：

Grid input impedance before 
applying the proposed 

control method
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where Kg and ωBPF are the feedback gain and the 
bandwidth of the band-pass filter

 Apply udcr to q-axis voltage: 
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Drive system performance evaluation
Drive system performance evaluation

Nannan Zhao 

Grid input impedance after 
applying proposed method

-150 -100 -50 0 50 100 150 200 250 300
-400

-300

-200

-100

0

100

200

300

400

Real Axis

Im
ag

in
ar

y 
A

xi
s g 0K =

g 0.002K = −

g 0.004K = −

g 0.006K = −

g 0.008K = −

g 0.01K = −

 

-1.2 -1.15 -1.1 -1.05 -1 -0.95 -0.9 -0.85 -0.8
-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

Real Axis

Im
ag

in
ar

y 
A

xi
s

g 0K =

g 0.002K = −

g 0.004K = −

g 0.006K = −
g 0.008K = −

g 0.01K = −

Unstable

Stable

Stable

Stable

Stable

Stable

-40

-20

0

20

40

60

M
ag

ni
tu

de
 (d

B
)

K
g

=0

K
g

=-0.002

K
g

=-0.004

K
g

=-0.006

K
g

=-0.008

K
g

=-0.01

10 1 10 2 10 3 10 4 10 5 10 6
-180

-90

0

90

180

270

Ph
as

e 
(d

eg
)

Frequency  (rad/s)

gK increases

 Impedance increases

Nyquist plots after applying 
proposed method 19



 Impedance model of IPMSM

 Drive system performance evaluation

 Experimental Results

 Introduction

 Drive system impedance model

A DC-link Voltage Estimation Based Active Damping Control Method 
of Single-phase Reduced DC-link Capacitance Motor Drives

20Harbin Institute of Technology, Nannan Zhao 



Experimental results
Experimental platform

Grid input impedance after 
applying proposed method
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Experimental results
Drive system performance results

With proposed methodWithout proposed method
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Thank you for your attention!
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