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SQ‘%ZEGY MMC and Smart Transformer

Modular Multilevel Converter (MMC)

Smart Transformer

LVac

N | ——

Lvde

General Characteristics:

MVac

*Ability to work in the MV range with low-voltage switches.
*Availability of MVdc link.

*High modularity and scalability.

*Ability of MMC for accommodating a wide range of power and

voltage levels allows for greater flexibility.

M. Hassanifar et al., "Modular Multilevel Converters Enabling Multibus DC
Distribution," 20238 IEEE 17th International Conference on Compatibility, Power
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SQ‘%ZEGY Modular Multilevel Converters in Hybrid Grids

—
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M. Hassanifar et al., "Modular Multilevel Converters Enabling Multibus DC
Distribution," 2028 IEEE 17th International Conference on Compatibility, Power
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Topic 1

Junction Temperature and Capacitor Losses Balancing
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SmartGy Junction Temperature and Capacitor Losses Balancing

Conventional capacitor voltage balancing method takes decision of switching of SMs only based on the capacitor voltages

and arm current direction.

The junction temperature of switches and capacitor losses can be added to the voltage balancing method.

Insertion Index
(N ins)

Proposed method:

ANins Nzkné_Ni’jlzl C]- =
¥
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No
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Sort the calculated cost functions of all SM
¥

Send the signals to the gate drivers

Conventional capacitor voltage balancing method

Chair of Power Electronics | Mahyar Hassanifar | mha@tf.uni-kiel.de

- ”;NOVATIVE S > ETN 95561 4

HORIZON 2020 ¢ TRAINING O Marie SkiodowskaCurie Actions (MSCA)
= NETWORKS Innovative Training Networks (ITN)

H2020-MSCAITN-2020

Research and Training Network for

Smart and Green Energy Systems and Business Models

(Uc - Uc,min) + Q{(Tjj,Dl - Tjj,Dl,min) + B(Pc,loss - Pc,loss,min)
(Uc,max - Uc) + O‘(er,TQ - ij',T2,min) + 5(Pc,loss,max - Pc,loss)
(Uc,maa: - UC) + Ck(iz—jj,Tl - er,Tl,min) + B(Pc,loss - Pc,loss,min)

(Uc - Uc,min) + a(cz—jj,DQ - CZﬂlj,D2,mz'n> + 6<Pc,loss,maas - Pc,loss)

a : weighting factor a is used to adjust the strength of active thermal balancing
[ : weighting factor £ is used to adjust the strength of capacitor loss balancing
T : matrix of estimated junction temperature

P, ;s - Matrix of calculated average capacitor losses in one cycle




Junction Temperature and Capacitor Losses Balancing
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Proposed method is applied at t=5s
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Junction Temperature and Capacitor Losses Balancing
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Proposed method is applied at t=5s
Adding more factor to the cost function of

capacitor voltage balancing can negatively
affect the capacitor balancing, however, the
capacitors are still well balanced at the desired

120, . I T |
voltage.
8(] 1 | | |
1 2 3 gl 5 6 d ~8 9 1100
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Calculated junction temperature of T1 in conventional balancing and Capacitor voltage balancing in conventional balancing and
proposed balancing method, which is applied =5 s proposed balancing method, which is applied in =5
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Sm‘aurtMGY Junction Temperature and Capacitor Losses Balancing
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Normalized capacitor losses in conventional balancing for one arm Normalized capacitor losses in proposed balancing for one arm
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Topic 11

Redundant SMs in Hybrid MMC
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SQ‘%ZEGY Redundant SMs in hybrid MMC

Redundant SMs can be mainly categorized into hot and

cold reserve redundancy. . i:/“’ -
+ L:....-.-., 15t HBSM
Hot Reserve: E = L
I ®© 1 :
< high losses ol B i_ !
. . ’ : & -|$ Nupth HBSM HBSM
% better dynamic - I: l
|
¢ reducing circulating current L - ﬁ} e FBSM
Ve
% reducing capacitor ripple it ;?’ < P I
Rarm =g L—
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. . | g -I[f'} 1 R-SM
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<+ Cause large inrush current after insertion o = | e
Tlomd S S
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Sm‘aztgy Internal Fault-Tolerant of H-MMC

Internal Fault-Tolerant Operation of Hybrid Modular Multilevel Converter by
Means of Redundant Submodules

First Objective:

Integration and Operation of Hot Reserve Submodules in Hybrid MMC

M. Hassanifar, S. Ventura, M. Langwasser, D. D'Amato, V. G. Monopoli and M. Liserre, "Modified Sorting Algorithm
for Fault- Tolerant Operation of Hybrid MMC With Hot Reserve Submodules," 2024 [IEEE 15th International
Symposium on Power Electronics for Distributed Generation Systems (PEDG), Luxembourg, Luxembourg, 2024, pp. 1-6

Second Objective:

Development of Controlled Charging Method to Avoid High Inrush Current
During Charging of Cold Reserve Submodules

M. Hassanifar, S. Ventura, M. Langwasser, D. D. Amato, V. G. Monopoli and M. Liserre, "Fault Tolerant Control for
Medium Voltage Hybrid MMC With Cold Reserve Submodules," 2024 IEEE 15th International Symposium on Power
Electronics for Distributed Generation Systems (PEDG), Luxembourg, Luxembourg, 2024, pp. 1-6.

M. Hassanifar, D. D’Amato, M. Langwasser and M. Liserre, "Controlled Insertion of Cold Reserve Submodule in Hybrid
Modular Multilevel Converter Considering Inrush Current Mitigation," in IEEE Transactions on Industrial Electronics.
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SQ‘%ZEGY Controlled Cold Reserve SM Charging Method
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Controlled Cold Reserve SM Charging Method
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Topic 111

Modular Multilevel Converter Emulator
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Slp%ZtMGY MMC Emulator

X/

% Making a real protype for MMC for testing face challenges and limitations:
» High number of components and design complexity
» High investment cost

» Large space for full MMC prototype

» Huge power supply

A test bench that emulates the behaviour of the full MMC SmeOdmeund; LSl i e
ToF J1 ! L Ri

can be used to study MMC. Wb ||| Voamutio S
& "%} Vsmut

MMC emulator 1s a test bench, which can be used to emulate

the behavior of the whole MMC or only to analyze the

——
larm ref !

submodule(s) of the converter.

T OPAL-RT
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ST%ZEGY Overcoming the Limitation of Real-Time Simulator

Using the average models of MMUC is critical to avoid high computational burden.

‘-NSM =30mNgy = 10 +
4000 T 25 = . . - g _|G % g :1%.3) g
— L g o o o
= 3000 il E 82 [ 8= | | 8=
S 15 T2 N
£ ¢ 2000 10+ 5 SHE PR aAs . §§ §§
22 5| A F ‘B E = i < <
g & 1000 - 0 - | l & 0}
3 Ml M2 M3 M4 M5 ~ Lam L Lo ?
0 I I ! I a
M1 M2 M3 M4 M5 Rarm Rarm Rarm 8
Model Vic ——
J Rarm Rarm Rarm 3 8
-llf'} L L L
. . . arm arm
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M4: One full arm with DSM and five arms with AAVM > > >

M5: Some SMs in the arm with DSM and the rest of MMC with AAVM (b) }

M. Hassanifar, D. D’Amato, M. U. Mutarraf, M. Langwasser and M. Liserre, "Arm Modeling Approaches for Real-
Time Simulation of Modular Multilevel Converter," 2025 IEEE Kiel PowerTech, Kiel, Germany, 2025, pp. 1-7.
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Sm‘aUZtMGY MMC Emulator

Pre-Fault Faulty Cold Reserve SM Charging Post-Fault
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Experimental results during pre-fault, faulty, charging phase of cold reserve
SM, and post-fault operation conditions:
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MMC Emulator + Experimental Result of Cold Reserve Insertion
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Comparison of the RMS values of the inrush current obtained from the
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proposed cold reserve SM insertion method M. Hassanifar, D. D’Amato, M. Langwasser and M. Liserre, "Controlled

Insertion of Cold Reserve Submodule in Hybrid Modular Multilevel Converter

. . . L Considering Inrush Current Mitigation," in IEEE Transactions on Industrial
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sm‘aUZtMGY Outcomes

Journal/ Expected Time
Title of the Publication Status
Conference | of Submission

Modular Multilevel Converters Enabling Multibus DC Distribution CPE 2023 Feb. 2022 Accepted
C2 Modified Sorting Algorithm for Fault-Tolerant Operation of Hybrid MMC With Hot Reserve Submodules PEDG 2024 Mar. 2023 Accepted
C3 Fault Tolerant Control for Medium Voltage Hybrid MMC With Cold Reserve Submodules PEDG 2024 Mar. 2023 Accepted
C4 Arm Modeling Approaches for Real-Time Simulation of Modular Multilevel Converter Powertech 2025 Sep. 2025 Accepted
J1 Arm Average Value Model of Hybrid MMC, Considering DC Fault and Internal Switch Failures IEEE TIE Dec. 2025 Accepted
J2 Capacitor Inrush Current Mitigation for Cold Reserve Submodule Insertion in Hybrid MMC IEEE TIE Feb. 2026 Accepted
J3* Arm Modeling Methods for Real-Time Simulation of MMC IEEE P.Del. Sep. 2026 In preparation

Collaborative Publications

+C1 A Data-Driven Condition Monitoring Method for Capacitor in Modular Multilevel Converter (MMC) ECCE Asia 2024 July. 2024 Accepted
+J1 Monolithic Data-Driven Condition Monitoring Strategy for MMC Considering C and ESR IEEE TPEL Jan. 2025 Accepted
+C2 Physics-informed neural network for parameter identification: A buck converter case study ECCE Asia 2025 July. 2025 Accepted
+J 2% A Unified Framework for System-Level Condition Monitoring of Power Electronic Converters IEEE JESTIE Sep. 2026 Under Review
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