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Fig.1 Relationship between phase trajectory’s

concave-convexity and transient stability
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Fig.2 Flowchart of transient instability identification

scheme based on phase trajectory’s concave and convexity
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Fig.3 Real-time generator grouping method based on
power angle and angular speed
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Fig.5 Schematic diagram of supplementary criteria for

severe unstable case
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Table 2 Accuracy verification results of concave-convex criterion in IEEE 39-bus system
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Fig.7 Incoherency of generator leads to convex phase

trajectory in Quadrant [V
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speed with auxiliary criterion on severe failures
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Modified hybrid half bridge MMC with fault blocking capability
LI Guoqing, YANG Yong,XIN Yechun, WANG Tuo,DONG Qian
(School of Electrical Engineering, Northeast Electric Power University,Jilin 132012, China)
Abstract:In order to overcome the shortcoming of traditional half bridge MMC (Modular Multi-level Conver-
ter) that cannot block fault current after DC side short circuit, a MH-HB-MMC (Modified Hybrid Half
Bridge MMC) with fault blocking capability is proposed,which relies on the fault blocking capability of the
M-HBSM (Modified Half Bridge Sub Module) and the corresponding auxiliary circuit to realize fault current
transfer and blocking. The dynamic process of MH-HB-MMC fault blocking under the condition of DC bipolar
short circuit is analyzed,the parameter selection method of key device is designed,and the economy of the
topology is compared. Compared with the traditional half bridge MMC, MH-HB-MMC does not need to add
switching devices, but only adds some thyristors, diodes and a mechanical switch, and the on-state loss is
very low. Finally, the bipolar 51-level MB-HB-MMC DC transmission model is built to verify the fault
blocking ability of the proposed topology. The simulative results show that the proposed MB-HB-MMC topo-
logy can clear DC fault within tens of ms,which has good practicability and economy.

Key words: MMC;DC fault;modified topology;current transfer;fault blocking
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Accuracy verification of transient instability criterion based on
concavity and convexity of phase trajectory
FAN Xinkai, YANG Songhao,ZHAO Yiming,ZHANG Baohui
(State Key Laboratory of Electrical Insulation and Power Equipment,School of Electrical Engineering,
Xi’an Jiaotong University,Xi’an 710049, China)
Abstract: Previous studies have proved that the transient instability criterion based on concavity and con-
vexity of phase trajectory is strictly established in a second-order single-machine infinite-bus system, but it
is difficult to prove the correctness when extends this criterion to a multi-machine non-autonomous time-
varying system. Therefore, numerous transient examples are used to verify the accuracy and applicability of
the concave-convex criterion in multi-machine system. The process of transient instability identification
based on concavity and convexity of phase trajectory is presented and described,which enhances the previous
real-time clustering method and adds two auxiliary criterions. Then a total of 64566 examples are scanned
respectively at different power flow modes, fault locations and durations under IEEE 39-bus system and
IEEE 145-bus system. The results indicate that the accuracy of concavity and convexity of phase trajectory
is higher than 99.9%,so the emergency control can be started reliably,accurately and quickly.
Key words: phase trajectory; concavity and convexity; transient instability identification;fault scanning;emer-

gency control
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