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Busbar Design Check and Optimization Method of MMC Sub-modular Based on
Electrodynamic Force Calculation
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Abstract: With the reliability requirements raising of VSC-HVDC technology, MMC sub-module reliability is more
and more important. For high voltage electrical equipment, such as, VSC-HVDC converter valve, in order to ensure
the safety and stability operation of equipment, the impact of electrodynamic force on the busbar must be considered.

This paper provides a common check method of busbar design, and gives a simulation and analysis of one fault condi-

tion when the upper IGBT is shorted in the MMC sub-module, then bypass switch is closed to cut off sub-mod-
ule, and offers some optimization recommendations. Finally, the paper gives a simulation of improved case, to verify
the rationality and effectiveness of the proposed recommendation.
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Fig.1 MMC sub-module schematic
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Fig. 2 Three-dimensional physical model
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Fig.3 Simulation model
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Fig. 4 Distribution of sub-module busbar magnetic field
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Fig. 5 Adjusted distribution of the sub-module busbar

magnetic field
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Fig. 6 Deformed busbar when the upper IGBT shorted
R1 400 kA FEZLAERRERNN
Table 1 The electrodynamic force in 400 kKA kN

S8 Forcel Force3 Force4
F(x) 101.8500 -69.6930 57.270 -39.190 -13.1050
F(y) -359800 -8.8687 -26.290 15.288 46.2680
F(z) 9.2147  8.6188 -12.916 -20.467 -4.3782
Mag(F) 108.4100 70.7820 64.326 46.781 48.2870

R2 500 KA EREIRETERN N
Table 2 The electrodynamic force in 500 kA kN

Force2 Force5

R4 700 KA ELERAEZN
Table 4 The electrodynamic force in 700 kA kN

S8 Forcel Force2 Force3 Forced Force5

Fix) 313210 -212.780 174970 -118.600 -41.787

F(y) -110.130 -27.948 -81.626 46.388  143.720
F(z) 28.277 26.123  -39.886 -63.516 -13.453
Mag(F) 333.210 216.190 197.150 142.310 150.280

28 Forcel Force2 Force3  Forced Force5

F(x) 159.440 -108.900 89.310 -60.855 -20.9020

Fly) -56.392
F) 14472
Mag(F) 169.730

-14.158
13.308
110.620

-41.632 23.701 727450
-20.159 -32.368 -6.787 6
100.580 72.888  75.9920

R3 600 KA EZHBRETERN N
Table 3 The electrodynamic force in 600 kA kN

S8 Forcel Force2  Force3  Forced Force5
Flx) 229.130 -157.350 127.570 -88.328 -27.9620
F(y) -=81.013 -20.391 -59.042 34.606 102.6600
Fz)  21.236  19.218 -28.605 -46.254 -9.9258

Mag(F) 243.960 159.820 143.450 105.540 106.860 0
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R5 800 kA ELZARATEZNN
Table 5 The electrodynamic force in 800 kA kN

S8 Forcel Force2 Force5
F(x)  409.600 -277.190 229.040 -153.540 -55.965
F(y) -143.990 -36.556 -107.060 60.745 188.960
F(z) 35.413 33.837 -52.882 -83.349 -17.628
Mag(F) 435.620 281.630 258.300 184.960 197.860
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Fig.7 Improved sub-module circuit Schematic
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Fig. 8 Improved simulation model
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Fig. 9 Improved simulation results
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Table 6 The electrodynamic force in 15 kA N

ZH Force6 Force7
F(x) ~74.339 0 58.8150
F(y) 9.6533 9.724 8
Fz) 6.378 7 153470
Mag(F) 75.2350 61.557 0

RT 20kAERBRHEZN
Table 7 The electrodynamic force in 20 kA N

B3 Force6 Force7
F(x) -133.090 104.460
F(y) 23.470 17.115
F(z) 11.222 27.439
Mag(F) 135.610 109.350

*8 25KAELHERAETN
Table 8 The electrodynamic force in 25 kKA N

ZHL Force6 Force7
F(x) -208.520 163.200
F(y) 43.215 26.389
F(z) 18.159 42.609
Mag(F) 213.730 170.720
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