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Plant Model for Current-Controlled VSCs

Plant Model for Current-Controlled VSCs I
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Plant Model for Current-Controlled VSCs II
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Plant Model for Current-Controlled VSCs III
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Analysis and design of VPI Controllers
Closed-loop
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Introduction

Objectives

Main Objectives of this PhD Thesis

To provide an in-depth study and comparison of the e�ects of
discretization strategies

To develop optimized discrete-time implementations with a good

tradeo� between

accuracy

resource-consumption & simplicity

To propose an analysis and design methodology for resonant controllers
by means of Nyquist diagrams, suitable for cases with more than one
cross-over frequency.
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Digital Implementations of Resonant Controllers

Digital Implementations

1 Discretization of continuous transfer function (by Tustin, zero-pole
matching, etc.)

2 Two discrete integrators

Direct int.: Forward Euler Feedback int.: Backward Euler (f&b)
Direct int.: Backward Euler Feedback int.: Backward Euler + z−1 (b&b)
Direct int.: Tustin Feedback int.: Tustin (t&t)
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h Expression I
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Correction of Zeros

Correction of φh Error Due to Discretization I
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Correction of Zeros

Correction of φh Error Due to Discretization II
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Experimental Results

Correction of Poles I
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Conclusions

Conclusions of Chapter III

Enhanced digital implementations of resonant controllers based on two

integrators are contributed, with an optimized trade-o� between accuracy

and simplicity.

Correction of poles: improvement in steady-state error

Correction of zeros: improvement in stability margins

The advantages of the originals are maintained: low computational

burden and easy frequency adaptation

The steady-state error as a function of the order of Taylor series
approximation of the poles has been studied. A fourth order is
satisfactory for most cases

An expression is proposed for the target leading angle, in order to
achieve a better compensation of the plant phase lag
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Limitations of Previous Approaches

Limitations of Previous Approaches

PR controllers

PMP is usually employed as indicator of stability. However, when there
are more 0 dB crossings (e.g., high-power, selective control...), PMP is
no longer valid

Usually, phase margins are optimized. However:

the phase margin is a less reliable indicator than the

sensitivity peak 1/η
closed-loop anomalous peaks are directly related to η,
not to phase margin

VPI controllers

No methods have been proposed to measure and optimize proximity to

instability and closed-loop anomalous peaks

Ambiguity in φ′h selection: leading angles of 1 & 2 samples have been
proposed
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Analysis of Stability Margins by Means of Nyquist Diagrams

Nyquist Diagrams of PR Controllers I
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Analysis of Stability Margins by Means of Nyquist Diagrams
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Nyquist Diagrams of PR Controllers III
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η de�nes:

Proximity to instability

Oscillations during transients (damping)

Maximum steady-state error

max{|S(z)|}= 1/η⇐

{
|D(z)| ≤η
S(z) = E(z)/I∗(z) = 1/D(z)

ηP is set by KPT :

KPT = F1 (ηP, Ts, RF, LF )
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Nyquist Diagrams of VPI Controllers

|GPL(z)| is cancelled
φh = φ′h + arctan(hω1LF/RF)

}
Greater stability margins and easier

design than PR
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Minimization of Sensitivity Function

Minimization of S(z) in PR Controllers

Objective: φ′h such that ηh becomes maximum, i.e., ηh =ηP ∀h

Solution: φ′h = −∠GPL(e
jhω1Ts) + ∠D(ejhω1Ts)
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Minimization of S(z) in VPI Controllers

Optimum: φ′h = 3
2
Ts ⇐

{
max. ηh ⇒ γh = π

2
⇒ φh = −∠GPL(e

jhω1Ts)
φh = φ′h + arctan(hω1LF/RF)
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Experimental Results

Test I

Objective of Test I: prove the sensitivity minimization around hω1 achieved by
the proposed φ′h expressions
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Experimental Results

Test I (PR Controller)

650 Hz 656 Hz
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Experimental Results

Test I (VPI Controller)

1300 Hz 1303 Hz
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Experimental Results

Test II (Transient)
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Experimental Results

Test II (Steady-State)
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Conclusions

Conclusions of Chapter IV

PR and VPI controllers, including delay compensation, are analyzed my
means of Nyquist diagrams. The e�ect of each freedom degree on the
trajectories is studied, and their relation with the sensitivity function and
its peak value is assessed

Optimization of the sensitivity peak permits to achieve a better
performance and stability in resonant controllers than optimization of the
gain or phase margins

A systematic method, supported by closed-form analytical expressions, is

proposed to optimize

stability

avoidance of closed-loop anomalous peaks

transient response (greater damping of frequencies at which the

trajectory is closer to the critical point)
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An exhaustive study and comparison of discretization techniques applied

to resonant controllers has been presented, in terms of

steady-state error

stability

Implementations based on two integrators, that overcome the issues of

the original ones, have been proposed. They achieve an optimized

tradeo� between

accuracy

simplicity

It is proved that to minimize the sensitivity peak permits a better

performance and stability in resonant controllers than to maximize the

gain or phase margins. A systematic method is proposed to obtain

high stability

reduced closed-loop anomalous peaks

reduced oscillations in transients
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Optimization of transient response for distributed power generation
systems

Torque ripple minimization

Injection of current harmonics in multi-phase drives for fault-tolerance
operation and increase of average torque

Active compensation of undesired current components caused by
dead-time in multi-phase converters

Alejandro Gómez Yepes DTE, University of Vigo 65 of 66

mailto:agyepes@uvigo.es
http://www.dte.uvigo.es
htpp://www.uvigo.es


Pag.

132

Digital Resonant Current Controllers for Voltage Source Converters

End

Digital Resonant Current Controllers for Voltage

Source Converters

Author: Alejandro Gómez Yepes

Director: Jesús Doval Gandoy

Department of Electronics Technology, University of Vigo,

14 December 2011

Dissertation submitted for the degree of
Doctor of Philosophy at the University of Vigo

�Doctor Europeus� mention

Alejandro Gómez Yepes DTE, University of Vigo 66 of 66

mailto:agyepes@uvigo.es
mailto:jdoval@uvigo.es
http://www.dte.uvigo.es
http://www.uvigo.es
mailto:agyepes@uvigo.es
http://www.dte.uvigo.es
htpp://www.uvigo.es

	Introduction
	Plant Model for Current-Controlled VSCs
	Review of Current Controllers for VSCs
	Objectives

	Effects of Discretization Methods on the Performance of Resonant Controllers
	Digital Implementations of Resonant Controllers
	Resonant Poles Displacement
	Effects on Zeros Distribution
	Effects on Delay Compensation
	Summary of Optimum Discrete-Time Implementations
	Experimental Results
	Conclusions

	High Performance Digital Resonant Current Controllers Implemented with Two Integrators
	Previous Schemes based on Two Integrators
	Correction of Poles
	Correction of Zeros
	Experimental Results
	Conclusions

	Analysis and Design of Resonant Current Controllers for Voltage Source Converters by Means of Nyquist Diagrams and Sensitivity Function
	Limitations of Previous Approaches
	Analysis of Stability Margins by Means of Nyquist Diagrams
	Relation Between Closed-Loop Anomalous Peaks and Sensitivity Function
	Minimization of Sensitivity Function
	Experimental Results
	Conclusions

	Conclusions
	Conclusions
	Future Research


