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Analysis of single-pole fault unbalanced current and improvement of a differential
protection scheme for HVYDC transmission lines
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Abstract: Based on Kirchhoff's law, current differential protection can protect a transmission line with superior selectivity. The
influence of the parameter distribution characteristic increases with the length of the transmission line. The differential current
protection scheme presently being used for an HVDC transmission line has to increase the time delay and protection threshold to
avoid mis-operation induced by distributed capacitor current along the line, which leads to low operational speed and sensitivity.
To solve these issues, an improved differential protection criterion using the calculated current at a compensation point of the
transmission line is studied. The mechanisms which produce its unbalanced current induced by the coupling characteristic are
analyzed and simulated. Based on the distributed parameter model, a current differential protection algorithm using the
compensation current of multiple points is presented for HVDC transmission lines. The proposed algorithm is independent of the
parameter characteristics of the transmission line and can split-pole operate during the fault transient process with high sensitivity.
Its feasibility and validity are verified based on the simulation results and comparative results of a variety of fault scenarios.
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Fig. 1 Schematic diagram of HVDC transmission system

gt FLIRL 22 B PRI F i L 2R B BB AL L 2 AR

NI R AL P R IR ZE Bh AR AP, () s
|iR_¢ (t)+ iI ( )| 2 Iop (l)

Kb g=p. n HEFORIENR. Ttk 1, NHRE
AR IR
1.2 ESPRIFBEF IR

1) otk

R SRR AR, B 2 FoR. 4
KA RGN B B B X AN BRI, 5 RS A LA
Coc T B i » A TH AR ZE B IR TR
P, ol RRES R RS . BEE R
SSRARTE R ERRHIIN, ZRBR S HU AR Y
W @R, AT IR ZE S PR R E RN $2

I, DAEERIRENE, FRAK TR BIPERE
b (1) o (1)
it il — §_+ - .+§
= T T *¢*¢*¢ f
bl _;_ _;_ q;_ = = = A
i Lol
'UH‘])’(.‘|-. H Py ; .

In cal n (ff\) i (115)

E 2 WitERIPREREE
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Fig. 3 Equivalent model of transmission line
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Fig. 4 Analysis of unbalanced current of healthy pole
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