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Hybrid series HVDC converter valve topology and control strategy
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Abstract: To address the issue of commutation failure (CF) in conventional HVDC transmission systems caused by AC
system faults, this paper proposes a controllable capacitor converter valve topology and control strategy based on hybrid
series connection of semi-controlled and fully-controlled devices. First, a hybrid series converter valve topology is
developed to enhance the system’s ability to withstand CF. Based on commutation process analysis, it shows that
capacitor insertion can significantly increase the commutation voltage-time area, thereby reducing CF risk. Moreover, the
mechanisms by which capacitor capacity and insertion timing affect commutation performance are revealed. Considering
the voltage and current stress characteristics of fully-controlled devices, the sizing and selection of capacitors and turn-off
devices are determined. Subsequently, an adaptive control strategy based on instantanecous line voltage magnitude
detection is designed. By monitoring AC system voltage variations in real time and adaptively adjusting the turn-off
timing of fully-controlled devices, the suppression of CF is further improved. Finally, a simulation model built in
PSCAD/EMTDC verifies the effectiveness of the proposed scheme. The results demonstrate that the proposed topology
and control strategy can effectively suppress CF across a wide range of fault severities from mild to severe.
This work is supported by the National Natural Science Foundation of China (No. 52367013).
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Fig. 1 Topology of CCM-based hybrid series-connected converter

BT A, g SR L St LCC B R
VT,— VT, ; CCM TR ] K Wras - T &IF
B E (D, D,). FHJEHM R Mk AS: C
i A IO AR TR ik ] IGBT.
FERBE TOLR, B EH] IGBT s WrRZ&ml se il
L C EMAR R P I RS D), RES N R Gt it
SN R, A ROE SR, AR R S
BRI ] SR



FHoe, 5

T #P DK LA P A9 IAL IR D 5 A R o SR - 155 -

1.2 TR

Bl 1 H CCM TR 7E R Gk E I 27
WERZITIRES, RS AR BITRE, ’BE
IR IR A X 3 B AR, Wil 2 s, K
e A1 P S R LR R ORI R i, (¢) BT
Fhs B 2 A 3 A 2 0 KB 2R R R IR R 4 (¢)
BN e SR b 20 0 92 28 2 T Ha I A BELRT

(a) B30
2 RESBHIRREN TIERNX

Fig. 2 Operation mode of hybrid series converter valve
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