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In the years to come, there will be more and more wind power plants (WPPs) connected 3LG fault current comparison for Type 1 wind turbine
to the electrical grid. With the scenario of 20% wind penetration by 2030, the WPP's

operation should be well planned. The power system switchgear and power system

protection for WPPs should be carefully i to be ible with the ion of FCL is installed at the low voltage side of 34.5-kV
conventional synchronous generators connected to the same grid. substation transformer
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As shown in above, a WPP consists of many (hundreds) of wind turbine generators % e
(WTGs). Currently, available WTG sizes are between 1 MW and 5 MW. The WTG is ) ) £ ey
connected at a low voltage level (e.g. 600 Volt), and a pad-mounted transformer is Type 3 Wind Turbine “x 3¢ (with L)
connected to step up the voltage to 34.5 kV. L ansformer By
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Several turbines are strung together and connected in a daisy chain fashion. The Goar-Box Grid TNl
collector system is connected to the substation transformer where the voltage is stepped -
up to higher voltage (e.g., 230 kV) and the power is transmitted over long distance. Thus, Plch Gontrollod sovara] T 4w Transient torque reduction in Type 1 generator during SLG fault
a 300-MW wind power plant may consist of 300 turbines connected to the grid. Wind Rotor superamaonos ubspmenonons
In this analysis, the fault-current limiter (FCL) is proposed to be installed at the collector @]:‘;_ | _‘@ _‘@
side (34.5 kV) of the substation transformer. Thus, the FCL will be able to protect the [ o ware
entire WPP. Crowbar
control Power Froquency
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3LG = 3 lines to ground, SLF = single line fault, LL = line-to-line fault, LLG = line-to-line-
to ground fault.

Fault-Current Limiter Conclusions

The saturable core FCL consists of a set of coils wound around one or more Reduction ratio of short-circuit current (SCC) and transient torques
ferromagnetic cores. A high-temperature superconducting (HTS) magnet is coupled to the with and without FCLs for three wind turbine types
core region in such a way that the DC magnetization force can saturate the magnetic
material. Each AC phase consists of two coils connected in series and wound around two
core regions. Under normal operating conditions, the operating point on the ®-/ curve is
always in the saturated region due to the DC bias.
3LG fault 0.44 0.63 0.5 0.62 0.99 0.99
Dual Iron Cores
. SLF fault 0.33 0.55 0.34 0.55 0.75 0.71
AC Coll AC Cail
LL fault 0.47 0.66 0.38 0.63 0.71 0.77
- LLG fault 033 066 036 065 070 067
Buck Boost FCLs can effectively reduce the SCC for the Type | wind turbine generator. It is also
shown that for single line-to-ground and other types of unsymmetrical faults, the FCL
behaves like an equalizer such that not only a reduction in the positive, negative, and

zero sequence currents is achieved, but also the timing of the reduction is very beneficial.
The most significant reduction of those sequence currents occurs during the transient (at
the few cycles in the beginning of the faults), thus, as a result, the transient torque is
reduced very significantly.

The SCC contribution for different types of WTGs is tabulated as the ratio of SCC for a
WPP with FCLs to the SCC for a WPP without FCLs. A table showing the reduction in
transient torque for different faults and different WTGs is also tabulated in the same
fashion. As shown in the table above, there is significant improvement in the SCC and
the transient torque reductions for a WPP with FCLs.
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Dual iron-core FCL @-1 characteristic of the FCL for buck (dotted line) and boost (dashed line) coils

The designs of the FCL for different types of WTGs must be designed specific to the WTG
technology because the nature of the SCC contribution is unique for each type of WTG.
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