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Abstract—Variable speed wind turbine generators
installation has been significantly increased worldwide in
the last few years.Faults at the grid side may call for the
disconnection of the wind turbine from the grid as under
such evens, wind turbine generator (WTG) may not comply
with the recent developed grid codes for wind energy
conversion systems (WECS). In this paper, a unified power
flow controller (UPFC) is applied to improve thefault ride
through (FRT) capability of doubly fed induction generator
(DFIG)-based WECS during voltageswell and voltage sag
at the grid side. Simulation is carried out using
MATLAB/Simulink software. Results show that UPFC can
effectively improve the FRT capability of DFIG-based
WECS and hence maintainiy wind turbine connection to
the grid during certain levels of voltagefluctuation at the
grid side.

Index Terms—HVRT, LVRT, UPFC, DFIG, WTG

I. INTRODUCTION

damages. Due to the significant increase in WTGs and
the global trend to establish reliable smart grids, the
transmission system operators (TSOs) require the
connection of WTGs with the grid to be maintained
during certain level of faults to provide support to the
grid during fault conditions. Therefore, grid codes have
been established in many countries to comply with the
new requirementsSince voltage fluctuation is a common
powerquality problem in power systems, most of studies
are focused on the performance of WTGs during voltage
sag[5]-[7]. Although it is a less power quality problem,
voltage swell may also lead to the disceation of
WTGs from the gridVoltage swell is mainly caused by
switching off a large load, energizing a capacitor bank
and voltage increase in daulted phases during a single
line-to-ground faultand is defined as an increase in
voltage level inarangeof 1.1 pu to 1.8 pu for a dation

of 0.5 cycle to 1 minut¢8]. On the other hand,oltage
sag is defined as a decrease in voltage level wighin
range of 0.9 pu to 0.2 pu of the nominal steady state level

_Renewable energy sources have been recently giverg a guration of 0.5 cycle to 1 minuf@]. There are
significant concern worldwide as they generate electricityyany international codes related to the fault ride through

from infinite and clean natural resources[[4]. Wind

(FRT) capability of WTGs. Among these codes, this

energy is one of the most efficient and promisingyaper focuses on the FRT grid codes for Spain and the
renewable energy resources in the world which i$)s shown in Fig. 1.

continuously growing with the increase of electrical
power demand and the decrease in conventional
electricity generation resources [3]. In the year 2012, the
growth rate in wind power generation worldwide was 28%
and by the year 2015 the global wind power capacity is
expected to be 600 000 MW which is expected to
increase to 150 000 MW by the year 2020 [4]. In the
early stages of using wind turbine generators (WTG), it
was allowed to disconnect the WTG from the grid during
the event of grid disturbances to avoid wind turbine
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Figure 1. FRT grid codes of Spain and US



