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ABSTRACT 

This paper explores the steady-state and transient 

performance of the H-bridge modular multilevel 

converter in high-voltage dc transmission systems. 

Therefore the converter is simulated as one station of a 

voltage source converter HVDC transmission system. 

Steady-state performance investigation focuses on the 

converters ability to manipulate its active and reactive 

output power so as to control the ac voltage at the point 

of common coupling. To examine the H-bridge M2C 

resilience to large disturbances, the converter station is 

subjected to ac and dc side faults. 

INTRODUCTION 

The voltage source modular multilevel converter (M2C) 

that uses H-bridge cells instead of half cells has recently 

received attention from the industry and researchers [1]-

[6]. The use of H-bridge cells in the converter arms 

introduce new sets of redundant switch states in the phase 

voltage that allow correction of any voltage imbalance in 

the  cell capacitor voltages at any instant within one full 

fundamental cycle, independent of phase current polarity. 

This may contribute to reduced cell capacitor size without 

compromising system performance, thus giving a small 

converter footprint. The modular multilevel converter 

that uses H-bridge cells (see Fig. 1) has a unique feature 

of the dc fault reverse blocking capability (ability to 

block the power path from the ac to the dc side, hence no 

current flow in the converter switches)[4],[5]. This 

feature may permit the use of relatively slow dc circuit 

breakers with relatively low current breaking capacity to 

isolate permanent dc side faults. In addition, it may 

facilitate the practical realization of multi-terminal 

HVDC systems based on voltage converter technology. 

The major shortcoming of the H-bridge modular 

converter is that it suffers from high conversion losses 

(on-state and switching losses) as the number of devices 

in conduction path is twice that of the half cell M2C.  

This paper describes operation, modulation and cell 

capacitor voltage balancing of the full H-bridge M2C in 

brief. Most of the discussion is focused on the steady-

state and transient behaviour of the converter when 

connected to the grid. Therefore, the converter will be 

simulated as one-station of the voltage source converter 

high-voltage dc (VSC-HVDC) transmission system, with 

four cells per arm, controlled using sinusoidal pulse 

width modulation with triplen harmonic injection. The 

converter station is equipped with current, ac voltage and 

active power controllers. In steady-state, the converter 

station real and reactive power capabilities are examined 

according to the P-Q diagram from one of the main 

manufacturers of HVDC systems, and includes active 

power reversal. The transient performance of the H-

bridge modular multilevel converter is examined by 

subjecting the system to ac faults� (symmetrical three-

phase fault) and dc faults (pole-to-pole dc side fault). The 

usefulness of the dc fault reverse blocking capability of 

the H-bridge modular multilevel converter, in the context 

of point-to-point and multi-terminal HVDC systems, and 

compliance with EMC requirements at point of common 

coupling, are highlighted.��

H-BRIDGE M2C 

Fig. 1 shows one-phase leg of the H-bridge M2C, with N 

cells per arm. The converter in Fig. 1 can generate N+1 

voltage levels per phase. The voltage across each 

switching device is limited to one cell capacitor voltage. 

Proper operation of an H-bridge modular multilevel 

converter requires a robust capacitor voltage balancing 

strategy to ensure that the voltage across each cell 

capacitor is �

�
���. Modulation and capacitor voltage 

balancing of the H-bridge M2C is similar to that of the 

two-switch M2C, except the use of full bridges 

introduces new redundant switch states that allow the 

voltage balancing of the cell capacitors to be achieved 

faster than that in the two-switch M2C. Additionally, the 

use of full bridge cells instead of half bridge cells in the 

converter arms allow blocking of the power path between 

ac and dc sides; this may result in no current flow in the 

converter switches. This feature is exploited in this paper 

to achieve the following benefits: 

• DC fault reverse blocking capability, which may 

reduce the risk of converter switch failure during a 

dc side fault as the grid contribution to the dc fault 

current is completely eliminated. 

• Reduces the current rating of dc circuit breaker that 

will be required to isolate dc side faults. 

• May allow recovery without interruption from 

temporary dc side faults. Also, may simplify the 

recovery strategy of multi-terminal HVDC system 

from dc side faults as the current in the dc side will 

decay to zero when all the converters block and 

distributed capacitors of the cable are fully discharge.       

But the major drawbacks of the H-bridge M2C are high 

conversion losses and relatively large converter footprint 

as the voltage across each converter arm must summed to 

the full dc link.  




