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Table 1 SM losses in different voltage balancing methods

. R R K 22 1/ U BRI SN
M T1 T2 D1 D2 R/ W /o

HEFP 277 1.79  5.54  11.17 2 816.5 0.845
ey M 1,71 0.21  2.74 0.54 2 461.3 0.738
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Table 3 SM losses in different working conditions

- A UG /W G I K 22 1/ 20D
T8

T1 T2 D1 D2
P=—1 N
Q=0 314.65(4.21) 1 610.16(1.89) 462.37(3.64) 94.79(5.38)
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Loss Consistency Analysis of Modular Multilevel Converter Using Carrier Phase
Shifted Sinusoidal Pulse Width Modulation

ZHOU Yingkun', QI Lei*, CUI Xiang*®, YU Feiying', ZHAO Guoliang®, QIAO Ermin®
(1.Beijing Key Laboratory of High Voltage & EMC (North China Electric Power University), Beijing 102206, China;
2. State Key Laboratory for Alternate Electrical Power System with Renewable Energy
Sources (North China Electric Power University), Beijing 102206, China;
3. Global Energy Interconnection Research Institute, Beijing 102200, China)

Abstract: The modular multilevel converter (MMC) operation mechanism and the numerical method of loss calculation are
reviewed. Based on PLECS under carrier phase shifted sinusoidal pulse width modulation (CPS-SPWM), the sub-module loss
characteristics are analyzed, including different voltage balancing methods and circulating current suppression methods.
Regardless of the status of the converter working performance, the comparison shows that, with the voltage balancing method
of energy balance and circulating current suppression method of three phase decoupled second harmonic circulation current
suppression, the loss distribution consistency of MMC is higher and the loss rate lower. The loss consistency of different
working conditions is similar. Finally, the loss consistency of nearest level control (NLC) is compared with that of CPS-
SPWM, and it is shown that with CPS-SPWM the sub-module loss consistency is better.
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