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Presentation Outline

• Introduction to HVDC Transmission Systems

• Converter Requirements for HVDC Transmission 
Systems

• The Modular Multilevel Converter (MMC)
- Features
- Operational Challenges
- Solutions

• Future Work
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Introduction: AC Corridor’s
Power Flow Control 

Boost or control ac voltage 
(V) 

Reduce line reactance 
(X) 

Regulate phase angle 
(δ) 

Ref: ABB 3



Introduction: DC Corridor’s 
Power Flow Control 

HVDC: High Voltage Direct Current Transmission

P  =P  = VDC. IDC
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Introduction: AC vs DC Transmission 

× Loading a function of Z

× Charging current a function of 
voltage level and cable 
capacitance

× Distance limitation

× 3 cables 

 Power flow controlled

 No charging current effect or 
need for shunt compensation

 No distance limitation

 2 cables

AC Transmission DC Transmission
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Introduction: AC vs DC Transmission 

• Due to reactive power charging, AC transfer capacity is dramatically 
reduced with distance

• DC transfer capacity is almost independent of distance

Ref: ABB 6



Introduction: Overhead Line Transmission 
Investment vs Cost

Ref: ABB 7



Introduction: Types of HVDC Systems

• Point-to-Point Systems
- Overhead lines
- Subsea or underground cables

• Back-to-Back Systems
- Interconnection of asynchronous AC grids

HVDC Converter Station HVDC Converter Station
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Introduction: Basics of  HVDC Systems

Ref: ABB 9



HVDC Technology: Converter Requirements

Shortcomings:
× Harmonic distortion
× Switching frequency and power 

losses

Ref: ABB 10



HVDC Technology: Converter Requirements

 Staircase voltage waveform ==> Reduced harmonic distortion and 
filtering size

 Low switching frequency    ==> High efficiency

AC grid
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The MMC 

Features:
 Modular and scalable design

 Smooth and sinusoidal waveform
 Increased reliability and redundancy

Challenges:
× SM capacitor voltage balancing

× Circulating currents

Small Number of Sub-Modules

Large Number of Sub-Modules

SubModule (SM)
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Equivalent Circuit of an MMC
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SM Capacitor Voltage Balancing
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SM Capacitor Voltage Balancing

Example: Five-Level MMC
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Circulating Current Control

High circulating current:
 Rating value/size of components
 SM capacitor voltage ripple
 Power losses
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Circulating Current Control

• Circulating current – contains 2nd harmonic 
predominantly

• Controllers to eliminate circulating current:
• Proportional Resonant (PR) Controller
• Predictive Circulating Current Controller
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Circulating Current Control: PR Controller

• Circulating current dynamics:

• PR Controller:

• ωn1 and ωn2 are tuned to 2nd and 4th harmonic.
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Circulating Current Control: PR Controller
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Circulating Current Control: PR Controller

20



Circulating Current Control: 
Predictive Current Controller 

From KVL:
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Discrete model of the ac-side phase current:
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Discrete model of the ac-side phase current:

Discrete model for circulating current and SM capacitor voltages:
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Prediction based on cost function minimization:

Predictive Circulating Current Control of MMC
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Closed-Loop Control of MMC-HVDC

M
M

C
-1

M
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-2

Transmission Line
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Predictive Control of MMC-HVDC
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DC-Side Fault in MMC-HVDC Systems

25



SM Technologies: Normal Operation 

Full-Bridge SM Clamp-Double SM
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Full-Bridge SM

SM Technologies: DC-side Short-Circuit 
Fault Operation 

Clamp-Double SM
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DC-side Short-Circuit Fault Operation 
of Full-Bridge MMC 
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DC-Side Fault in MMC-HVDC Systems:
Full-Bridge MMC Case
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Power Losses for Various SM Circuits

Power Losses 
of Single SM-
type MMCs 
Normalized 

with Respect 
to Half-Bridge 

MMC
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Hybrid Design of MMC-HVDC Systems
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DC-Side Fault in MMC-HVDC Systems:
Hybrid MMC Case
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Power Losses for Various Hybrid MMCs

Power Losses 
of Hybrid 
MMCs 

Normalized 
with Respect 
to Half-Bridge 

MMC
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Future Work

• Control and protection of multi-terminal HVDC systems based on 
the MMC

• Accurate and efficient modeling and simulation tools for MMC-
HVDC systems

• Operation of the MMC-HVDC systems under fault conditions
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