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Motivation

VSC harmonic converter modelling considering the

impact of control is under intense research to *

understand the converter behaviour itself.

One important aspect is the detailed analysis of the
impact of the AC network uncertainties in the
harmonic converter design process which is the core
of this publication.

Two aspects to consider: harmonic performance and
harmonic stability:

Typical performance uses the 50 years old Loci AC
network representation method that covers AC
network uncertainties (Figure 2).

The present stability analysis methodologies (in
time and frequency domain) assumes that it will be
possible to define a representative set of individual
AC harmonic impedances for all operating
conditions which is not practically possible.

Another important issue is the time domain
testability for high frequency resonances. The lack of
simple time domain models to cover this part of the
design is a concern at the time the final controllers
are fully tested at the manufacturer’s test facilities.

Method/Approach

[e]

The two main proposed methods are:

A method to deal with both issues (performance
and stability) in a unified manner by using the well-
known loci-based analysis extended to the stability
issues using Nyquist Analysis and associated
concepts of phase margin (PM), gain margin (GM)
and virtual margin (VM).

Simple synthetic AC network models to be used in
time domain analysis able to reproduce single and
double resonances based on AC network envelopes.

The simplified process is summarized in Figure 1.

Objects of the investigation

To present the theoretical and practical aspects of
the “Loci-Based Control design” methodology:

The performance is presented in Figures 3,4,5 using
equations (1) and (2).

The Loci stability approach is developed in Figures
6,7,8,9 using equations (3) and (4).

Synthetic models are presented in Figures 10,11,12.
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Fig 1 Locus based control design process

Main Performance expressions [Fig. 3,4,5)

VPi{h) = Welh) ==

- Felk) = k1(h).Ve(h) (1)

'|.-':""I hl= = Vil k)= #3:.i:].'|"|.':.i:] 121

Main Stability expressions for Nyquist Analysis (Fig. 6,7,8,9)
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Where:
cis related to the converter harmonics (impedance and voltage)
n is related to the AC network harmonics(impedance and voltage)

Experimental setup & test results

A few examples of simulation calculations for performance and
stability in frequency domain are presented in Figures 13 an 14.

Discussion
L] FiE,ul'l?'ﬁ. 13 and 14 are explained as follows:

o nputs: Zconw, Znet are respectively the converter impedances
and netwark impedances for different frequencies.

@ Outputs: PMGRLVRAL VA2 k1 and k2, where k1 and k1 are
amplification factors defined in (1), (2).13).(4).

PM and GM are not defined for all frequencies, see Fg.3

. kmax = » in the maost critcal cases.

Fin(FMmin

o WML and VM2 [virtual margins) are matematically defined as the
inverse of maximum k1 and k2 in the complete frequency range
They are also defined graphically in Fig. 7 for a single condition.

http://www.cigre.org
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Fig 6 Circuits of Fig 3 (b) and 3(c) in close loop

im |24 2a) f2c]= [zn ¥mi{2n 2]

Solution 3(b) Solution 3(c)

Figs 4 and 5: Performance for 3(b)
and 3(c)

1/H,(jw) plot

H,(jw) plot
Pl = 180° (625 - BZmin] P Fig 7 Nyquist plots of Zc/Zn and Zn/Zc
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Fig 8 (a) and (b) — PM / GM in locus diagram  Fig 9 Forbidden and allowed areas for Zc
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Fig 12 Abacus of Rs f(L(Y),C(Y)), locus data N o o
* The process of stability analysis using Loci is simple to
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time domain simulation will be performed considering
all non-linearities not included in the frequency
domain evaluation.

Fig 13 Example of calculation of k1,k2,
PM,GM,VM1,VM2 using Locus (stable case)

To test these systems, harmonic range synthetic time
domain models may be available as soon as the loci

) . are known representing the worst set of network
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* The authors recognise the full complexity of transient
. .. . . responses taking into account non-linearities,
Flg 14 Similar to Flg 13 (marglna"y stable case) interaction between controllers, etc.,, and the
necessity to perform extensive analysis in complex
hardware-in the-loop platforms; however, by using
such simple methodology, they expect to make the
harmonic control design targets more transparent in
spite of the uncertainties existing in the design of VSC
HVDC converters.
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