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Modular Multilevel Converters (MMCs)

Modular multilevel converters (MMCs)
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• Independent control of active and reactive power
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System diagram of MTDC grid
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Preliminary overview of control schemes_WPP
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Control schemes for offshore MMC
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Detailed control scheme for offshore MMCs 
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Normal Operation
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Real-world stability challenges
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MMC-HVDC in Offshore Wind Farm, Germany[2]

- 451 Hz resonance

[1]     J. Lv, P. Dong, G. Shi, et al.: ‘Subsynchronous oscillation and its mitigation of MMC-based HVDC with large doubly-fed induction generator-based windfarm integration’, Proc. CSEE, 2015, 35, 

(19), pp. 4852–4860.

[2]  C. Buchhagen, M. Greve, A. Menze, and J. Jung, “Harmonic stability-practical experience of a TSO,” Proc. 15th Wind Integration Workshop, pp. 1–6, 2016. 

MMC-HVDC with Type-3 Wind Turbine, China[1]

- 21 Hz oscillation at wind farm interface
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Stability assessment methdology
Impedance-based stabi l i ty analys is
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Non-passive RegionPassive Region
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- Define the converter impedance specifications to manufactures to avoid the risk of the instability
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Impedance representation
MIMO or SISO
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Graphical illustration of  frequency coupling dynamics
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Some Misunderstandings

Stationary frame

• If ωp<2ω1, both 2ω1-ωp and ωp are positive-sequence components

• If ωp>2ω1, 2ω1-ωp is the negative sequence component, while ωp is the

positive-sequence component

• Positive- and negative-sequence impedances are ambiguous terminologies! It is

possible that two coupled components are both positive sequence!
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Simulation results
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MIMO Impedance matrix representation of the system
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Stability criterion

  

= 

PCC

Offshore 

wind farm

Vdc

ZWPPZMMC

PCC

vWPP

ZWPP

vPCC

iPCCαβ

ZMMC

vMMC

 

vMMCαβ(s) vacαβ(s) 

v*
acαβ(s-2jω0) 

iacαβ(s) 

i*
acαβ(s-2jω0) 

YWPP

-ZMMC

1/ZWPPeq(s)

ZMMCeq(s)

vMMCαβ(s) iacαβ(s) vacαβ(s) 

21
11 12

22

tot
MMCeq MMC MMC

tot

Z
Z Z Z

Z
 

21
11 12

22

tot
WPPeq WPP WPP

tot

Z
Z Z Z

Z
 

11 11 11

12 12 12

21 21 21

22 22 22

tot MMC WPP

tot MMC WPP

tot MMC WPP

tot MMC WPP

Z Z Z

Z Z Z

Z Z Z

Z Z Z

 

 

 

 

• The frequency coupling terms have no obvious impact in

high frequency range (>300 Hz) and can be neglected,

where ZMMC and ZWPP become SISO

H. Wu and X. Wang, “Dynamic impact of zero-sequence circulating current on modular multilevel converters: complex valued 

AC impedance modeling and analysis,” IEEE J. Emerg. Sel. Topics Power Electron., vol. 8, no. 2, pp. 1947-1963, June 2020.
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Challenges in small-signal modeling of MMCs 
Smal l -s ignal  s tabi l i ty:  internal  dynamics of  MMCs

Two-level VSC

Source: [1] K. Ngo (1986). [2] L. Harnefors (2007). [3] B. Wen (2015). [4] X. Wang (2016)
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Modeling methodologies

Harmonic state space(HSS)

ˆ ˆY AX

• Frequency coupling dynamics is capturedN. M. Wereley, “Analysis and control of linear periodically time varying systems,” Ph.D. dissertation, 

Dept. Aeronaut. Astronaut., Massachusetts, Inst. Technol., Cambridge, MA, USA, 1991. 
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Significant impact of internal dynamics



Simulation results

Open-loop control with inductive load

H. Wu, X. Wang, Ł. Kocewiak, and L. Harnefors, “AC impedance modeling of modular

multilevel converters and two-level voltage-source converters: Similarities and differences,” in 

Proc. IEEE 19th Workshop Control Modeling Power Electron. (COMPEL), Jun. 2018, pp. 1–8. 

Capacitive ZMMC0(s) and inductive load 

forms an LC resonance

Larm RarmO

Vdc/2

Vdc/2

iac

Larm Rarm

iu

vcuC

vclC

il

icir

vac

Rload

Lload
Fixed sinusoidal 

modulation

mac



Outline

 Introduction

 Impedance-based Stability Criterion

 Impedance Modeling of MMCs

 Case Studies 

 Impedance Matrix Measurement

 Conclusion



Case study

Low frequency oscil laiton caused by PLL

• Inversion mode
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Case studies (MMC with WPPs)
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Case studies (MMC with WPPs)
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Introduction of the impedance measurement toolbox
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We have developed the impedance (admittance) matrix measurement toolbox with European TSO

Xiongfei wang xwa@et.aau.dk• This toolbox is under commercialization, you 

are very welcome to contact us if interested ! Heng Wu hew@et.aau.dk

mailto:xwa@et.aau.dk
mailto:hew@et.aau.dk
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Conclusion

NTP→ LTP → LTI

• Impedance method is effective in stability prediction

• Destabilization effect of the PLL

HSS

SISO equivalent impedance ratio, frequency coupling terms considered

Case study

Impedance measurement toolbox

Impedance modeling

Internal dynamics of the MMC, nonlinear time periodic (NTP) system

Impedance based stability criterion 
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