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Modeling Solar Converters for Harmonic and
Resonance Studies

M. Pielahn, K. Mudunkotuwa, and D. Muthumuni

Abstract—Solar and renewable plants are increasingly being
added to national grids. One technical drawback ofrenewable
generators is that they tend to cause a significanharmonic
distortion of the current and voltage waveforms. Tle harmonic
distortions are amplified when the natural resonanes of the grid
interact with the injected harmonics from the power electronic
based PV generation. A sustained harmonic distortibcan lead to
equipment failure, reduced plant output or a complée plant
shutdown. Therefore, it is important to study harmaic
interactions and resonance issues using fully deted EMT
models before the commissioning of a renewable planThis
paper outlines important features of modelling sola converters
for the use of harmonic and resonance studies.

Index Terms—EMT modeling, aggregation.

|. INTRODUCTION

N recent years, solar and renewable generators

increasingly being connected to the national
Renewable generators tend to cause higher levéiarafionic
distortion due to the power electronic based cdever
injecting harmonic currents in to the grid [1]. Télre, with
an increased number of renewable generators dntibhe gird
the need to perform detailed studies is growing.

The discussion continues with passive and dynamic
impedance scans. The impedance scan results afal use
indicators of impending operational issues. Lasityportant
study scenarios are discussed that should be redigworder
for a study engineer to analyze any harmonic asdnance
issues.

Il. DETAILED CONVERTERMODELS

Typically harmonic resonance issues arise due ® th
interaction between the converter, the PV farmeotdir cable
system and the local grid within a close proxinofythe solar
farm. For harmonic and resonance type studies il EMis
advised that detailed vendor models be used suah thie
actual controllers are properly modelled in theudation. This
is in view of the fact that the control actions éan impact on
the harmonics injected by the PV converters.

Generic solar models may not capture the necessary
gteurate information that is used to decide whedhearticular

9rdolar farm does or does not have any harmonic songnce

issues. Detailed solar converter models should uiel
accurate PLLsdq decoupling controllers, filters, protections
schemes and fault ride-through options. The mampmments
of a PV plant model is shown in

Fig. 1.

Under some circumstances harmonic resonance cam be

issue when the harmonics are sustained and pdtgntia

amplified. This can happen because of the interactif the
renewable converter current injections with thel ggsonance
points. These interactions can happen in the sobksgnous
as well as the super-synchronous frequency range.

Sustained harmonic distortion may create an ovéage
that could exceed acceptable harmonic distortioelée This
could trip the protection or even damage the egaimmand
interrupt the operation of the plant [2]. Henceisiimportant
to study harmonic and resonance issues using el@t&MT
models before the actual plant is commissioned.

This paper presents a method to model solar fawns
harmonic and resonance studies. First, the impleatien of
detailed converter models will be discussed. Naggregation
of PV collector networks is outlined, followed bydacussion
of representing the AC grid for such studies.
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Ill. AGGREGATION OFCOLLECTORNETWORKS

Performing simulations with detailed EMT type coriee
models can be computationally demanding, especiltiie
solar plant consists of many inverters and a largiector
network. Therefore, an EMT simulation may take loa ¢rder
of several hours. Further, harmonic and resonangdies
require that many different operating conditiong & be
studied in order to identify sensitive parameted amorst case
operational conditions. Thus, in total a detailednmonic and
resonance study may demand a simulation time thatot
Practical or economical.

In recent years an industrial trend of collectotwaek
aggregation has emerged. This allows for the lacgdector
network to be represented by an equivalent calaslepbrtrays
the characteristics of the actual collector netwaithin the
frequency bandwidth of interest. If the aggregatisndone
properly, the important details contributing to emtial
harmonic and resonance issues are preserved, wahitbe
same time reducing the computational burden anddipg up
the simulation.

In order to aggregate a collector network, an inapee
scan must be performed, looking from the point of
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interconnection (POI) towards the converters. Suskan will
reveal any series and parallel resonance pointgrefygtion
usually only preserves the details of a singleesefor parallel)
resonance point as it is difficult to incorporateotor more
peaks in the aggregated model. Therefore, the ggtpe
model only covers a frequency band of interest,aligu
centered on the series resonance point.

Collector networks usually are comprised of mudipl
feeders, which contain a daisy chain of PV inver{gypically
that includes the pad mount transformers) and safilbese
daisy chains may consist of PV units only in series a
combination of series and parallel sub-daisy chaiAs
hypothetical situation of a collector network witlwo such
feeders is shown in

Fig. 2.
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Fig. 1. Schematic of a detailed PV model.
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Fig. 2: Hypothetical collector network with two fiers.

Methods to aggregate feeders of a collector systsm
shown in

Fig. 2 have been reported in literature [3, 4]. In [3] a
detailed equivalencing method for both series aadalfel
units has been shown. Both [3] and [4] outline eglencing
methods and equations. A sound theoretical exptamas
presented for [3]. An extended curve fitting methad
proposed in [4] to obtain a closer match of netwasonance
points.

This curve fitting method is applied after obtamithe
preliminary equivalent parameters using the ligqdations of
[4]. This allows for the final aggregated modelaocurately
contain the resonance point in the frequency bdndterest
by fine-tuning the resonance peak. A typical impesaplot of
a collector system cables is shown in

Fig. 3.
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Fig. 3. Passive impedance scan of an example Retctmi network.



12

IV. EQUIVALENCING OF THEGRID

At the POI the grid should be modelled in as muetaitlas
possible to capture the network frequency charisties
(impedances as seen at different frequencies).caifpj this
requires that the network be represented in degatb around
two to three buses from the POI.

All transmission lines, generators, loads or otgripment
outside this area can be modelled using Théveninvalgnt
voltage sources. The range in which to include deitails of
the network is defined by the study engineer afnefully
assessing the frequency response of the full n&twor

The frequency response of the reduced network gho

closely match that of the original full network. lFexample, a
generator that is far from the POI is unlikely tapiact the
network frequency characteristics as seen from R@.
Therefore, a study engineer assesses how far aweagetails
of the network need to be included in the reduaéd g

Special attention should be made for series congpiems
lines as they may strongly contribute to the nattesonance
points of the network. Series compensation lineg
considered when selecting study scenarios.
conditions that may result in a nearby series corsgied line
to be radially, or near radially, connected to Huar farm
should be given due consideration.

V. PASSIVE AND DYNAMIC IMPEDANCE SCANS

The network impedance looking in to the AC systeomf
the POI as well as the impedance of the PV farrkit@pfrom
the POI is useful indicators of potential harmorand
resonance issues. The impedance of the PV systdgmésnic
in the sense that power electronic devices, corgystems
actions can have a significant impact on this ‘appta

impedance’. The real part of the ‘apparent impedanc

(dynamic resistance) is an indication of dampingt tthe PV
installation will provide to specific harmonic cants that will
flow in to the system following a disturbance. Inder to
obtain a dynamic resistance spectrum a dynamic 1seads to
be performed.

On the other hand, looking into the grid from th@lBives
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A passive impedance scan is easily obtained in FS&®A
using a standard Master Library component, allowimgthe
user to simply scan any passive network. An exangple
typical impedance scan of a network is shown in

Fig. 5.
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Fig. 5. Passive impedance scan of an example networ

However, a dynamic scan is more involved and shoeld
done with care. For full details the reader is mef@ to [5, 6].
The PV plant model may be isolated from the grid thus
exercise, with an ideal voltage (at the rated y&ja
representing the AC grid side. The PV plant shdddset to
run at the expected steady state condition. A ‘Brhatmonic
voltage is injected to this test simulation as digal in Fig. 6.

PV plant Grid
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Fig. 6. System overview with small harmonic voltagjection.

The amplitude of the injected voltage should bgdaas to

the passive impedance of the network. A graphicgisturb the system enough in order to make meaningf

representation of the ‘measuring point’ (in thiseshe POI) is
shown in Fig. 4.
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Fig. 4. Dynamic and passive scanning into the Ritmnd the grid,
respectively.

measurements. However, too large of an amplitudg caase
the overall PV system response to deviate sigmifigafrom
its operating steady state. This should also b&ado

When the simulation has reached steady state, tageol
and current measurement can be made at the ter(eg®waFig.
6). Using these quantities, the dynamic impedarame loe
determined corresponding to the particular frequeoft the
injected voltage. In order to obtain a spectrune, phocedure
can be repeated for the harmonics of interest.

An example of the impedance (resistance) profila eblar
converter developed in PSCAD is shown

Fig. 7. The negative ‘dynamic resistance’ is an indicgatid
negative damping. The PV system in such a caseawifilify
transient currents of this frequency range follayira
disturbance and cause instability.

The passive scan of the AC system along with thedyc
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scan of the converter can be compared to identifyertial
interaction issues.
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Fig. 7. Dynamic impedance scan of an example ag¢gdgsolar farm
network.

If the passive scan of the grid show a resonandst po

within, or close to, the range of frequencies fdnich the
dynamic resistance is negative, then a potentiahbaic and
resonance issues are a possibility. Such scerenéasientified
as candidates for further detailed EMT transiemiLgations.

VI. STUDY SCENARIOS
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is presented. First the collector network is edenee based
on mathematical approximations, and then the fregue
profile is curve fitted to a match the original@saance peak.

The passive and dynamic frequency scanning metaods
their significance is discussed with appropriatienences to
previous work outlining details. Typical networke€uency
scans and dynamic frequency scans of PV plantsrasented.
The two scans are compared and potential resonasg@ss
are identified.
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VII. CONCLUSIONS

Important features of a solar PV model used in loaim
and resonance studies are outlined. First the faignce of
detailed EMT models is discussed. Generic solaratsochay
not capture critical features needed to accuratsiydy
harmonic and resonance issues. A discussion thiherithe
methodology to aggregate the collector networkatdirsplants
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