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Predictive control strategy based on MMC junction temperature
fluctuation optimization and its reliability analysis
WANG Yazhou',RONG Fei' ,ZHOU Baorong®, LI Hongxin>,RAO Hong’
(1. College of Electrical and Information Engineering, Hunan University , Changsha 410082, China;

2. State Key Laboratory of HVDC, Electric Power Research Institute , China Southern Power Grid, Guangzhou 510620, China)
Abstract: The average junction temperature and the fluctuation of IGBT submodule of MMC ( Modular Multilevel
Converter) greatly impact its failure rate and further impact the system reliability. Based on the MMC thermal ba-
lance algorithm , the possibility reduction of junction temperature fluctuation is analyzed only by changing the swit-
ching process of the submodules,while the difference of junction temperature distribution of the MMC submodule is
reduced and the capacitor voltage fluctuation of the submodules is set to be consistent. To reduce the difference of
junction temperature fluctuation between submodules and approach the minimum theoretical amplitude AT . of junc-
tion temperature fluctuation, an optimal control strategy of temperature fluctuation is proposed in combination with
the predicted junction temperature of the device in the next control cycle. Using the Coffin-Manson life model and
linear cumulative damage theory ,the life of MMC system under temperature optimal control strategy is evaluated. Fi-
nally,a 10-level simulation model is built in MATLAB. Simulative results show that the temperature control of MMC
system effectively improves the system reliability.

Key words : MMC ; thermal balance ;power cycle ; Coffin-Manson life model ; reliability ; predictive control
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General fast simulation model applicable to multiple sub-module topologies of MMC
ZHANG Fang' ,HUANG Weichi',LI Chuandong’
(1. Key Laboratory of Smart Grid of Ministry of Education, Tianjin University, Tianjin 300072, China;

2. State Grid Electric Power Research Institute of Fujian Provincial Power Co.,Ltd.,Fuzhou 350007, China)
Abstract; To address the poor generality issue of existing fast simulation models of MMC ( Modular Multilevel Con-
verter) ,a general fast simulation model of MMC that considers multiple SM ( Sub-Module ) topologies is proposed.
According to the structure features of SM,an arm blocking structure of MMC is established, and is further divided
into three categories. The simplified tables are constructed for MMC with different SM topologies , which can avoid the
problem that the user programs need to be modified owing to different SM topologies. As a result,the generality of the
model can be enhanced. The proposed blocking structure not only ensures the applicability of the general fast simula-
tion model under various operating conditions including normal and blocking states,but also enables a same type of
blocking structure suitable for the MMC with multiple SM topologies, and the generality requirement of blocking
structure can be satisfied. The effectiveness and feasibility of the proposed general fast simulation model are verified
by comparison results with a detailed model on PSCAD/EMTDC.

Key words : modular multilevel converter;electromagnetic transient simulation ;fast simulation model ; blocking ; sim-

plified table
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Table Al Simplified table of equivalent model 1 for diode-clamp type sub-module

ial'l‘ﬂ Tl TZ T3 N Diode N IGBT Cs[a[e71 CSIB‘E,Z CS[BIS,:‘)

1 0 1 1 0 1 0 0
>0 o0 1 1 0 0 0 0 0

0 0 0 1 0 1 0 0

1 0 1 0 1 1 0 0
«© 0 1 1 0 0 0 0 0

0 0 0 0 0 0 0 0

F A2 “IRERGIEFRIR P EHOER 2 BRI LR
Table A2 Simplified table of equivalent model 2 for diode-clamp type sub-module

iarm Tl T T, NDiode N IGBT CS‘a‘E_l Cs&aw_z Cs&a‘e_a

1 0 1 1 0 1 0 0
>0 0 1 1 1 1 0 0 0

0 0 0 1 0 1 0 0

1 0 1 0 1 1 0 0
<0 0 1 1 1 1 0 0 0

0 0 0 2 0 -1 0 0

F A3 Wik MMC-HVDC R4 £
Table A3 Parameters of the 2-terminal MMC-HVDC system

SR B ioNAN
) HRM AT RSB 7 (MVA) 9000
LIRS o B
T AR AT I R G 1 2 (MVA) 8500
A 2738 L (YIA) (KV/KV) 525/200
AR R 4% 75 5 (MVA) 480
A A%
A5 1 5% 1 4 UL 1 40 L (%) 15
AP 43 L (%) 15
TFAEHA L 20
MMC TR (pF ) 3100
F R Ha Jd (mH) 40
H ik = (MW) 400
HRAS B EKVY) +200kV

LU ALY OHIEOAR 2R A ) (km) 100
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Table A4 Comparison of simulation time for half-bridge type sub-module based MMC

SRR 07 EL il /s

P4 I e e
P ‘
e (7 BURLR
11 29 17 1.7
21 101 19 5.3
49 2803 29 96.7
81 9156 33 277.5
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