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1 Introduction 
Nowadays, offshore wind power penetration into the electrical grid is rapidly increasing and the 
current trend is to locate the OWPPs further from shore [1]. Flexible AC transmission system 
(FACTS) devices such as the STATCOM are commonly installed at the PCC in order to meet the 
reactive power requirements [2]. 
Modelling and simulation analysis has become an accepted and integral method in the design of 
electrical systems such as the OWPP [3]. The modelling approach must look for a right compromise 
between accuracy and computational speed. Furthermore, details regarding the internal behaviour of 
MMCC PEDs are often unknown or only partially known to the transmission system operator (TSO) 
and the OWPP developer. It is therefore crucial for these parties to assess the required modelling 
details and to gain confidence on the accuracy of the applied model. Therefore, field measurements 
have been collected on an MMCC STATCOM, which will be used in this paper to assess the MMCC 
STATCOM modelling requirements. Previous research on the modelling of the MMCC STATCOM 
has mainly been focused on the control system design and performance of the converter using a 
switching model (e.g. [4]), an analytical model (e.g. [5]) or a detailed model of the PED (e.g. [6]). 
None of these publications consider the accuracy of the model representation based on comparison 
with measurement data. The intention of this paper is to fill the gap, by providing a comparison 
between a generic, yet detailed STATCOM model and field measurements. 
Using the validated STATCOM model, the harmonic distortion level in the OWPP will be addressed 
in the time domain. Section 1.1 briefly outlines the peculiarities of possible control interaction 
between PEDs in an OWPP and possible methods to assess the controller interaction. 

1.1 Harmonic Distortion in OWPPs 
OWPPs are susceptible to so-called “harmonic instability”, where the extensive sub-marine cabling 
and possible low available short-circuit power (ASCP) at the PCC may create resonance(s) within the 
bandwidth of the WTG controller bandwidth [7], [8], [9]. The result is unacceptable high harmonic 
distortion, which may cause disconnection of the WTG, unless countermeasures are taken. 
Disconnection of the WTG(s) is of course unacceptable, and harmonic stability studies are now an 
integral part of OWPP design studies. Currently, the studies are mainly done in the frequency domain 
[7], [9], where the assessment can be made based on algebraic formulation of the system and 
conventional indices such as the Nyquist stability criterion (NSC) can be applied. In [7] it was shown 
that the harmonic impedance in the OWPP is highly affected by the number of WTGs in service 
(#WTGiS). According to the authors’ experience it is therefore necessary to perform in the range of 
thousands of cases to cover all possible operating points of the OWPP and the external grid. This is 
straightforward in the frequency domain, whereas it is more challenging in the time domain, since the 
observed results do not contain information on the relative stability of the system. Furthermore, time-
consuming model initialisation is also needed in the time domain. 
On the other hand, there are limitations to frequency domain analysis, as linearisation is done on both 
the non-linear switching devices as well as the control system. Furthermore, saturation effects of e.g. 
transformers and the integrator part of the PED proportional-integral (PI) controller are neglected. It is 
therefore useful to assess the controller interaction in both domains, i.e. calculate the NSC indices for 
the e.g. 2000 required study cases and then perform sensitivity analysis on the most critical cases in 
the time domain (e.g. for 50 cases). The authors are currently working on developing a procedure for 
addressing the controller interaction in OWPPs, taking into account the above-mentioned limitations 
in both the time and frequency domains. This paper will present how the harmonic distortion is 
affected by the #WTGiS and demonstrate how the time domain approach can be utilised in the 
assessment. 

1.2 Paper Outline 
The remainder of the paper is organised as follows: Section 2 briefly describes the LAOWPP and the 
OWPP representation in the simulation tool. The installed STATCOM and the measurement setup are 
also briefly described. Section 3 presents the proposed model of the STATCOM, which will be 
evaluated in section 4 based on comparison with measurement data. Section 5 presents simulation 
results, in which the #WTGiS is varied and how this affects the STATCOM’s performance. Section 6 
outlines concluding remarks. Section 7 outlines future work. 
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