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ABSTRACT

In recent years, the wide integration of renewsble energy lead power sysiem facng some 1ssues
which 15 required to mvestigate carefully. Thus, the comprehensive knowledge about the response
of wind to practical disturk 1s necessary Obviously, the double fed induction
generator (DFIG) which mcludes variable pitch control and rotor-side converter 1s used commonly
because of its efficiency. In tus paper, the authors observe, analyze and evaluate dynamic
responscs to disturbances such as connect and loss of wind generator on the voltages and
frequency on the overall power system. The model was built in PSS/E and test to a bulk power
system — the reduced equivalent Soc Trang network, Viet Nam. The result show that because of
using an uninterrupted operation and fast control of DFIG converter, the DFIG wind turbines

respanse successfully to each disturbance.
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Introduction

According to the World Wind Energy
Association, Global Wind Energy Council
and Renewable Energy Policy Network for
the 21st century, the total installed worldwide
wind energy capacity at the end of 2013 is
about to reach to 318GW while the number
has increased eight times in the past decade
compared with that in 2008 which proves that
m the past six years (from 2008 to 2013) the
growth rate of wind cnergy is extremely high,
The continent obtaining the largest market is
Asia occupying about 52% of the total
capacity in sixth consccutive year, followed
by Europe (roughly 32%) and North America
(less than 8%) [1], (2], [3), [4), [5). In
Southeast Asia, Vietnam has the largest wind
power potential with total desired capacity of
513, 360 MW until 2020 (6], (7]. Specifically,
the southern arca and south central coasts in
Vietnam have the big capability of exploiting
the wind power potential tharks to the strong
wind more than 7m/s and the sparse
population density [8], [9], {10]. In 1999,
Victnamese Government issued the action
planning for renewable energy with the
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cooperation between Viemam  Electncity
(EVN) and World Bank [7] The planning has
attempted to kelp international organization to
promote and develop the renewable energy
usage in rural area and network counection. The
goal is that 5% of total Victnam energy comes
from the renewable energy until 2020 Each
year 100MW-200MW of wind power is seat to
national power system [4], [10], [11], [12]
‘The effects and requirements for connecung
wind farms to power system 1s an interesting
and exciting topic for many researchers all
over the world [13], {14, [15], [16). Under
different dismirbances such as short circuit,
loss of generators, loss of load, etc. which are
applied to observe and evaluate the responses
of wind turbines, the voltage and system
frequency play the very impostant role [17],
[18], [19], [20], [21], [22]. If faults occur in
the system, there are transients of voltage and
frequency. Depending on how the transient
level is, operators can allow wind farus to
continue to cormect or discormect and when the
power system become stable, wind farm is
reconnected before the faults are fixed.
Due to increasing in the size and quality of
wind farms in recent years, the market of
wind turbine become hot with many
- suppliers, namely GE,  SIEMENS,
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ENERCON, VESTAS and 0 on.
competing cach other and produce the
practical wind turbine model as well as
simulation sofiware to apply, observe and
assess the effects of wind turbines on power
system One of the popular software is PSS/E

electricity forth and back among the areas
The circuit 1 of this transmission line has
operated since September, 1994 and in 2005
the second circuit was successfully bult and
until now these lines are still in the good

abbreviated from power system si for
engineenng produced by SIEMENS company
[23]. PSS/E is a powerful integrated
mteractive and comprehensive pregram {o
simulate, analyze and optimize the
performances of power systetn as well as
provide dynamic models used in designing
and planning power system [24], [25].

In this paper, DFIG 15 selected to simulate the
effects of wind turbines on reduced equivalent
power system - Vietnam. Wind turbme model
of DFIG is a doubly fed induction generator
or a variable speed, doubly fed asynchronous
generator with rotor-side converter called
DFIG wind turbine.

The study system is taken from the large
Vietarn power system with a data in 2015,
The system 1s used to connect the 220kV
buses at Bac Lieu, Soc Trang, O Mon and
Rach Gia. The total actuve power of wind
farm connecting to the system is 105 MW
taking up 16 8% of the total active power of
the study system In this paper, the dynamic
performances of wind turbines during congect
and disconnect with power system. The
voltages and the system frequency are
specially considered to mnvestigate the impact
of those disturbances on power system,

The overview of Vietnam power system
The diagram of transmission line in Vietnam
power system is shown in Figure | According
to the geography and climate, the Vietnam
power system mcludes 3 parts' northem,
ceatral and southern, which are connected by
500 kV transmission lines [11]. The
transmission system consists of different
voltage levels: 500kV, 220kV and }10kV
The 500kV transmission hnes with the total
line length of 4437km runs from the northemn
to southern area, which transport the
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Figure 1: Driagram of 11einam power system:
500 k1" transmission lines [12]

From 2004, Vietnam power system was
imported from the 110kV transmission lines
of China Southern Power Grid. Until the
2012, the smported electneity was mcreasing t
3 6% of the amount of national energy. Hydro
power accounts for 48.72%, coal fired 19 75%,
diesel 1.92%, combined apen cycle gas turbine
25 94% and renewable 0.19% [11].
In 2012, the total electnoity capacity
including produced and imported electricity
has archived about 120,257 billion kWh. The
consumed one in the whole country is almost
119,033 billion kWh increasing 10.61% in
comparison with that in 201 1. This growth is
relatively low within the past 10 years whose
average growth from 2001 to 2011 was
13.22%
Deuble Fed Inductor Generator (DFIG)

Wind turbine model of doubly fed induchon
generator or a variable speed, doubly fed
asynchronous  generator with  rotor-side
converter called DFIG wind turbine. The
DFIG wind turbine 1s connected through 2
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mechanical shaft system which includes a low

Iy when the system is under the

speed shaft and a high spsced shaft with a
gearbox 1n the nuddle. The asynchrenous
generators are fed by stator and rotor side- the
former 15 directly connected to the network
and the Iatter is connected to the gnd via the
ACDC/AC  converter. Thanks to an
uninterrupted operation scheme and the fast
control of the AC/DC/AC converter, DFIG
brings some benefits in operation and control
as well as maintaining power system transient
performance and stability,

crmsatn
fFEMonl

Figure 2: Commectivity of wind turbine generator
intype 3 a) Doubly fed induction generator, b)
communication among generic wind models
As we can sce from Figure 2 a), the wind
turbine generator contains the field converter
or power converter 1n which its rotor winding
1s connected to the power converter and its
stator winding 15 connected to the grid. The
main purpose of the power converter is fo
maintain the output real and reactive power
and bus voltage independently and
instantaneously and allow the machine to run
in different speeds Under normal working
condition, the stator output 1s controlled by

the power converter thanks to t};¢
elect tic coupling b stator and
rotor separated by the air gap

severe disturbances, the crowbar mechanism
in power converter is applied to protect DC
bus from over voltage and short the roter
winding to consider the generator as a squirrel
cage induction one.

Test model

The case study is developed based on
Vietnam Power System in PSSE version 32,
Here, the total capacity of wind farm is 105
MW, in which consist 42 wind turbines with
25 MW for each The case study simulates
the wind generator as DFIG, because it 1s
occupying about 70% of total installed
amount of wind farm in the world. It should
be noted that DFIG n PSSE version 32 is a
reduced two-mass model and has the detailed
represéntation  of both totor and stator

gnetic fluxes to late the resp of
the turbine Besides, DFIG model uses full
converter to limit the maxumum power of the
generator and pitch controller to change rotor
speed, which is very important in dynamic
charactenistics to the system disturbances.
Network Model

The Vietmam power system mcludes the
different voltage levels as presented in
Section 2; Therefore, the case study has
chosen the medum voltage (220 kV), shown
in Figure 3. The equivalent 220kV network
connecting the power plants around Soc
Trang province consists of 4 maimn buses. a
Soc Trang 220kV power plant, 2 O Mon
220kV power plant, Bac Lien 220kV
substation, a Rach Gia intermediate bus to
connect Bac Lien to O Mon The total
capacity of wind generator is 130MVA for
Soc Trang, two-130MVA-gencrators for O
Mon, two-130MVA-generators for Bac Lieu,
and a sync} p considered as
a synchronous generator at bus 201,

Line model

The parameters of the overhead powér lines
and cables are various series resistance,
reactance and shunt capacitive line Thérging’
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depending on the branches and the length of
the Lines according to the material of Vietnam
Electricity EVN [12].

1>

Figure 3: The online layout of study system in Soc Trang
Load model

The system includes four loads and they are
considered as the constants during all
simulations, which makes the simulation
simpler and reasonable due to the low
sensitivity to changes m load size. In both
Bac Lieu and Soc Trang, the real and reactive
power occupy 100MW and 30MVAR,
respectively while the values in O Mon is
relatively large, about 300MW and SOMVAR
The other is 150MW of real power and 40
MVAR of rcactive power m Rach Gia
Transformer model

Most transformer used 1n this simulation 15
two winding transformers. The preferred 5kV/
35kV  transformers have 3MVA apparent
power using for the connection wind
gencrator to network and there arc some
19kV/ 220kV  transformers with different
capacities to connect generators to 220kV
power system. Especially, the tap changer

disturbance when the system conmects or
losses one wind generator. Under both the
voltage and fi 'y should be idered
to evaluate the cffects of wind power on the
power system stability. The case study is nn
by two cases” (i) the connection of wind
generator and (ii) the loss of wind generatorat
bus 610 in the system. The simulation is
carried out in 25 seconds for all cases.

Connecting wind generator

Figure 4 shows that the frequency and the
angular generator speed increase when the
wind farm is connected, in which the blue line
shows the benchmark and the red line
indicates the connection of wind farm® For the
first fifteen scconds, the fluctuation of
frequency and speed is significant and they
reach the steady state after 20 seconds
Apparently, the frequency deviation climbs to
0 004pu (about 50.2 Hz) before 1t goes around
0.0005pu (approximately 50 025 Hz) which
means that the frequency still is in the
allowable range of 49.5 Hz and 50.5 Hz
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position in the transformers is unchangeable
in the simulation,

Result

The case study is run by different
disturbances to observe and analyze the
responses of wind plant with small
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Figure 4: The responses of system frequency and
generator speed when conmecting wind turbines

From Figure 5 and 6, there is a small

osaillation of voltage at PCC, active and

reactive power at generator buses in the first
second. Generator reactive power
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sigificantly  increases from 025pu to
1.1_25Dl1 when connecting the wind generator,
while the voltage at PCC bus is decreasing
about 0.005pu. The reason is that the wind
generators absorbed the reactive power from
the system

™ S ma Fmnn

Figure 5: The transients of actrve, reactive and
mechanical power of generators with and
without wend farm

Figure 6: The oscillanon of PCC voitage with and

without wind farm
Figure 7 presents the relatively large
fluctuation of voltages at generator buses in
the first second before reaching the steady
state since the wind farm 1s connected. When
power system is connccted with wind farm,
the settling ume is 1 second compared to 043
second in case of without wind farm. The
generator bus voltage far away from PCC
possess less transient than those near PCC
and when wind farm is connected, the
iransient is more

Figure 7: [ oliuges af generalor buses withwind
and withoul farm

Loss of wind generators

The simulation is carried out to demonstratc
and compare the transient performances of
power system when some wind turbines are
lost. Specifically, bus 6101 1s disconnccted to
simulate the loss of wind turbine with total
lost” power capacity of 15SMW. The
disconnection is applied at 12th second. After
the disconnection, the system changes to new
operation condition shown in Figure 8

Freaueney 0 wisvon

Spead pevimiion,

I

Figure 8: The fluctuation of system frequency and
generator speed with loss of wind generalors
It 15 easy to observe that afier bus 6101 1s
disconnected at 12th second, the system
frequency dewiation decreases by 0.005 pu
(0.25 Hz) before coming back a new steady
state operating froquency (about 49 95 Hz)
Similarly, the generator speed deviation
expenences the same trend,  which
demonstrates the accuracy of this sunulation
duc to the synchronization of the control
system between generators and power system.
Figure 9 shows the transicnt responses of
generator power and voltage. When some
wind turbines are disconnected, the real
power as well as mechanical power ncrease
to supply more Joad {1 SMW) which lost wind
turbines was 1n charge of before, on the other
hand, the generator rcactive powcr reduces

Tes



Npuyén Hiru Hadu va Dig

Tap chi KHOA HOC & CONG NGHE

166(06) 181 - 187

due to the characteristic about the reactive
power consumption of wind turbines. At that
time, generator voltage onty meets the small
transient at 30th second before becoming
back the original operation point. A overshoot
(approximately 1.01pu) of generator voitage
at bus 6100 appears

Figure 9: The responses of active, reactive,
mechamcal power and voltages ai generator bus
6100 when some wind generators are
disconnected

Conclusion

Model test have successfully been simulated.
The dytamic responses of the connection and
disconnection of wind turbines are performed
to evaluate the effect on the power system,
Obviously, 1t can be seen that the voltage and
frequency play the important role in power
system stability. When small disturbance
appears, 1 ¢ connect and disconnect wind
generator, the system frequency and voltage
move to new operating condition to
maintain power system stability while
voltage at PCC, active power and reactive
power significantly reduce.

For the further work, the authors would like
te apply: STATCOM to improve the dynamic
performances of wind turbine and analyzing
the harmonics in the system when
STATCOM is mstalled as well as finding out
solutions to mitigate the harmonics.
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PHAN TICH CHAN DONG NHO DO MAY PHAT BIEN GIO

TRONG HE THONG DIEN

Neuyén Himu Hiéu', 1.: Hing Lim
Trucng Dg: hoe Bdch khoa — Dat hoc Dis Néng

Trong nhitng nim gin ddy, sw lan tda réng ri1 cua ning luong ta: tgo ¢ dua hé théng dién déi mat
véi mét v vén @ ma cin phai dvge phin tich mét cach k§ lugmg Do do, kién thirc todn dign vé
sy phin mg cia may phdt dién g6 dén sy chén ding trong thyc té 1a hét sitc clp thiét RS réng,
May phat cam g har mit (DFIG) duge tich hop b$ phan kiém sodt sy thay dbi va bé phan bién
dd1 ¢ phia Roto dang dvoc sit dung mét cach rong réi boi vi syt hidu qua ctia né mang lar Trong
béi béo ndy, nhom tac gia da quan sit, phan tich va danh gi4 sy phan ung ddng clia sy x40 trén nhw
két néi hoac ngdt két ndi cia may phat didn @16 trén dién 4p va thn s6 hé théng dién. MS hinh mé
phong da duoe xAy dung trong phin mém PSS/E va kiém tra vér lrdi dign & Séc Tring Viét Nam
Két qud chi ra ring bdi vi s dyng hoat ddng Lién tuc v& kiém soit nhanh chong oda DFIG chuyén
461, cic méy phal gi6 DFIG phin éng thinh céng cho mi su xéo trén

Tir khéa. Mdy phdt cdm mg har mdt (DFIG). néng lirong Ids tao, mé hinh ddng, xde irén nho, hé

thing d@én 116t Nam
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* Emsadl: nhhiew @t vdn.vn

187



