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Accurate Loss Calculation Method for Bulk-power MMCs
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ABSTRACT: Evaluation of power losses in modular
multilevel converter (MMC) is of great importance for circuit
component selecting, cooling system design, and reliability
analysis of power transmission systems. The nearest level
modulation method and sorting based capacitor voltage
balancing strategy, which is widely adopted in high-voltage
level and bulk power MMC applications, leads to high
complexity of switching law of sub-modules in MMC arms. To
solve this problem, an accurate loss calculation method of
MMC was proposed, based on the analysis of losses
distribution of variable sub-module topologies, including
half-bridge sub-module, full-bridge sub-module and clamp
double sub-module. The switching principle of sub-modules
under sorting based voltage balancing control was also
analyzed. The presented method is suitable for a variety of
MMC circuit topologies, and can accurately calculate the
converter valve losses under different control strategies.
Finally, the proposed method was compared with the

simulation results to verify its accuracy.
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Evaluation of power losses in modular multilevel
converter (MMC) is of great importance for circuit
component selecting, cooling system design, and
reliability analysis of power transmission systems.

The accurate calculation of valve loss is the
important basis for the selection of MMC circuit
components, the design of the converter valve cooling
system, and the reliability evaluation of the DC
transmission system. The huge number of semiconductor
devices and the complicated transient characteristics of
converter valves have brought challenges to the accurate
calculation of MMC losses.

The MMC valve loss can be divided into static loss
and dynamic loss. The static loss is mainly related to the
circuit parameters and the operating conditions of the
converter. The dynamic loss is also affected by the
bridge arm current, capacitor voltage and switching
frequency, and it is especially closely related to the

modulation strategy and voltage equalization control.

s
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nsw,css(tk) =] Anrcf (tk) |
(tk) =N é_w
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An accurate loss calculation method by integrating

nsw,ext

analytical calculation and simulation suitable for
high-pressure and large-capacity MMC converter valves
is proposed, which can realize the quantitative analysis
and analysis of valve loss of MMC under the nearest
level approach modulation strategy, as shown in Fig. 1.
The proposed accurate calculation method of
converter valve loss combined with analytical
calculation and interpolation curve fitting solves the
problem of accurately calculating the additional
switching loss under NLC modulation, which is a
challenge that, the existing method cannot work out.

Compared with existing methods and electromagnetic

S23
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exchange

t

Fig. 1 The essential and extra switching actions

transient simulation results, the results show that the
proposed method is suitable for the above three types of
MMC topologies, and can accurately calculate MMC
valve losses under various pressure equalization
strategies and different operating conditions, as shown in

Fig. 2.
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