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ABSTRACT	

The	Doubly	Fed	 Induction	Generator	 (DFIG)	based	wind	 farm	 into	 the	power	grid	has	become	a	major	concern	 for	power	
system	engineers	today.	Voltage	stability	&	Regulated	is	a	key	factor	to	maintain	DFIG‐based	wind	farm	in	service	during	the	
grid	fault.	I	study	the	implementation	of	STATCOM	to	overcome	the	voltage	stability	&regulation	issue	for	DFIG	based	wind	
farm	 connected	 to	 a	 distribution	 network.	 The	 study	 includes	 the	 implementation	 of	 a	 static	 synchronous	 compensator	
(STATCOM)	 as	 a	 dynamic	 reactive	 power	 compensator	 at	 the	 point	 of	 common	 coupling	 to	maintain	 stable	 voltage	 by	
protecting	 DFIG‐based	 wind	 farm	 interconnected	 to	 a	 distribution	 system	 from	 going	 off	 line	 during	 and	 after	 the	
disturbances.	 The	 developed	 system	 is	 simulated	 in	MATLAB	 the	 results	 show	 that	 the	 STATCOM	 improves	 the	 transient	
voltage	stability	and	therefore	helps	the	wind	turbine	generator	system	to	remain	in	service	during	grid	faults.	

	

1. INTRODUCTION	

DUE	to	the	increasing	concern	about	CO2	emission	gasses,	
renewable	 energy	 systems	 and	 especially	 wind	 energy	
generation	have	attracted	great	 interests	 in	recent	years.	
Huge	 no	 of	 wind	 farms	 have	 been	 installed	 or	 planned	
around	 the	world	and	 the	power	generation	of	 the	wind	
turbines	are	increasing.	Typically	all	most	all	wind	farms,	
wind	 turbines	 based	 on	 the	 doubly	 fed	 induction	
generator	(DFIG)	technology.	DFIG	is	basically	a	standard	
rotor‐wounded	 induction	 machine	 in	 which	 stator	 is	
directly	connected	to	the	grid	system,	and	the	connection	
of	the	rotor	to	the	grid	is	via	a	back‐	to‐back	pulse	width	
modulation	(PWM)	convertor.	

	The	 rotor	 converter	 consists	 of	 rotor‐side	 converter	
(RSC)	and	a	grid‐side	converter	(GSC)	connected	back‐to‐
back	 by	 a	 dc‐link	 capacitor.	 Under	 any	 fault	 conditions,	
blocking	 the	 RSC	 of	 the	 DFIG	 is	 widely	 used	 strategy	 in	
order	 to	 protect	 the	 RSC	 from	 over	 current	 in	 the	 rotor	
circuit.	 In	 the	case	of	a	weak	power	network	and	during	
the	 grid	 fault,	 the	 grid	 side	 converter	 (GSC)	 cannot	 be	
provide	sufficient	reactive	power	and	voltage	support	due	
to	its	small	power	capability,		at	this	condition	the	voltage	
to	 be	 instability.	 In	 this	 case,	 system,	 immediately	
disconnect	 the	 wind	 turbines	 from	 the	 grid	 to	 prevent	
such	 a	 fault	 and	 reconnect	 them	when	 those	 fault	 to	 be	
rectified.	 With	 the	 rapid	 increase	 in	 the	 wind	 power	 in	
power	systems,	tripping	of	many	wind	turbines	in	a	large	
wind	 farm	 during	 grid	 faults	 the	 system	 voltage	 to	 be	
instability.	

Many	researches	and	studies	have	been	done	 in	order	to	
maintain	 DFIG‐based	 wind	 farm	 in	 service	 during	 grid	
disturbances,	 dynamic	 reactive	 power	 compensation	
using	 FACTS	 devices	 has	 been	 widely	 investigated	 as	 a	
significant	solution	to	achieve	uninterrupted	operation	of	
a	 wind	 farm	 used	 with	 DFIGs	 during	 grid	 faults.	 Static	
synchronous	 compensator	 (STATCOM)	 and	 static	 var	
compensator	 (SVC)	 are	 the	 two	 options	 available	 to	
provide	 controlled	 dynamic	 reactive	 power	

compensation.	 This	 Paper	 presents	 a	 complete	 study	 of	
the	 STATCOM	 application	 to	 improve	 the	 stability	 and	
performance	 of	 DFIG‐based	 wind	 farm	 connected	 to	 a	
distribution	 system	 during	 transient	 disturbances.	 The	
developed	 system	 is	 simulated	 in	MATLAB	 to	 verify	 the	
concluded	results.	

2. STATCOM	

Static	Synchronous	Compensator	(STATCOM)	is	a	Flexible	
AC	Transmission	System	(FACTS)	device	that	is	capable	of	
injecting	 &	 absorbing	 reactive	 power.	 Usually,	 the	
STATCOM	 is	 applied	 to	 voltage	 support	goals.	 It	 consists	
of	 a	 Voltage	 Source	 converter	 (VSC),	 energy	 storage	
device,	 coupling	 transformer	 connected	 in	 shunt	 to	 the	
distribution	network	through	a	coupling	transformer.	The	
VSC	 converts	 the	 AC	 to	 DC	 voltage	 across	 the	 storage	
device	into	a	set	of	three‐phase	ac	output	voltages.	It	can	
continuously	 inject	 or	 absorb	 reactive	 power	 by	 varying	
the	amplitude	of	the	converter	voltage	with	respect	to	the	
line	 bus	 voltage,	 so	 that	 a	 controlled	 current	 flows	
through	the	tie	reactance	between	the	STATCOM	and	the	
distribution	network.		

At	 system	 voltage	 is	 a	 decrease,	 the	 STATCOM	 inject	
reactive	power	(STATCOM	capacitive).	At	system	voltage	
is	 increases;	 it	 absorbs	 reactive	 power	 (STATCOM	
inductive)	 .The	 VSC	 uses	 forced	 commutated	 power	
electronic	 devices	 (GTOs,	 IGBTs	 or	 IGCTs)	 to	 synthesize	
its	terminal	voltage	from	a	DC	voltage	source.	Equivalent	
circuit	diagram	of	STATCOM	shown	in	fig	1	
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Figure	1	

	
Figure	2	

	
In	 this	 IGBT	based	 STATCOM	model	 is	 used.	 The	 overall	
scheme	of	the	STATCOM	circuit	is	shown	in	Fig.1	and	the	
control	system	block	diagram	is	shown	in	Fig	2	
The	real	and	reactive	power	 injected	by	the	STATCOM	is	
given	by	following	equations.	

	
														

	
	

Where	δ		is	the	angle	of	V1	with	respect	of		V2	.	In	steady	
state	operation,	the	voltage	V2	generated	by	the	VSC	is	in	
phase	 with	 V1	 (δ=0),	 so	 that	 only	 reactive	 power	 is	
flowing	(P=0).	If	V2	is	lower	than	V1,	Q	is	flowing	from	V1	
to	 V2	 (STATCOM	 is	 absorbing	 reactive	 power).	 On	 the	
reverse,	if	V2	is	higher	than	V1,	Q	is	flowing	from	V2	to	V1	
(STATCOM	is	generating	reactive	power).	The	amount	of	
reactive	power	is	given	by	the	following	equation	

	

3. DOUBLY	FED	INDUCTION	GENERATOR	

In	 conventional	 three‐phase	 synchronous	 generator,	
when	an	external	source	of	mechanical	power		makes	the	
rotor	 of	 the	 generator	 rotate,	 the	 static	 magnetic	 field	
created	when	the	dc	current	 fed	 into	the	generator	rotor	
winding	rotates	at	the	same	speed		as	the	rotor.	At	this,	a	
continually	 changing	 magnetic	 flux	 passes	 through	 the	
stator	 windings	 as	 the	 rotor	 magnetic	 field	 rotates,	
inducing	 the	 alternating	 voltage	 across	 the	 stator	

windings.	 Mechanical	 power	 applied	 at	 the	 generator	
shaft	 by	 the	 prime	mover	 is	 thus	 converted	 to	 electrical	
power	 that	 is	 available	 at	 the	 stator	 windings.	 In	
conventional	 induction	 generators,	 the	 relationship	
between	the	frequencies	of	the	ac	voltages	induced	across	
the	stator	windings	of	the	generator	and	the	rotor	speed.	

The	 same	operating	principles	 can	be	apply	 in	a	doubly‐
fed	 induction	generator.	The	only	difference	 is	 that	 	 	 the	
following	 	 the	magnetic	 field	 created	 in	 the	 rotor	 is	 not	
static	(as	it	is	created	using	three‐phase	ac	current	instead	
of	dc	current),	but	rather	rotates	at	a	speed		proportional	
to	the	frequency	of	the	ac	currents	fed	into	the	generator	
rotor	 windings.	 This	 means	 that	 the	 rotating	 magnetic	
field	 passing	 through	 the	 generator	 stator	 windings	 not	
only	rotates	due	to	the	rotation	of	the	generator	rotor,	but	
also	 due	 to	 the	 rotational	 effect	 produced	 by	 the	 ac	
currents	 fed	 into	 the	 generator	 rotor	windings	 equation.	
Therefore,	 in	 a	 doubly‐fed	 induction	 generator,	 both	 the	
rotation	 speed	 of	 the	 rotor	 and	 the	 frequency	 of	 the	 ac	
currents	fed	into	the	rotor	windings	determine	the	speed	
of	 the	 rotating	magnetic	 field	passing	 through	 the	 stator	
windings,	 and	 thus,	 the	 frequency	 of	 the	 alternating	
voltage	 induced	 across	 the	 stator	 windings.	 Taking	 into	
account	 the	 principles	 of	 operation	 of	 doubly‐fed	
induction	 generators,	 it	 can	 thus	 be	 determined	 that,	
when	 the	magnetic	 field	at	 the	 rotor	 rotates	 in	 the	 same	
direction	as	 the	generator	rotor,	 the	rotor	speed	and	the	
speed	of	the	rotor	magnetic	field	add	up.		

4. DOUBLY‐FED	INDUCTION	GENERATORS	USED	
IN	WIND	TURBINES	

Most	doubly‐fed	induction	generator	are	used	in	industry	
due	 to	 generate	 electrical	 power	 in	 large	 (power‐utility	
scale)	 wind	 turbines.	 This	 is	 primarily	 due	 to	 the	many	
advantages	 doubly‐fed	 induction	 generators	 over	 other	
types	of	generators	in	applications	where	the	mechanical	
power	provided	by	the	prime	mover	driving	the	generator	
varies	 greatly.	 To	 better	 understand	 the	 advantages	 of	
using	 doubly‐fed	 induction	 generators	 to	 generate	
electrical	power	in	wind	turbines.	

Large‐size	 wind	 turbines	 are	 basically	 divided	 into	 two	
types	which	are	 fixed‐speed	wind	 turbines	and	Variable‐
speed	wind	turbines.	

In	 fixed‐speed	wind	turbines,	 three‐	phase	asynchronous	
generators	 are	 generally	 used.	 Because	 the	 generator	
output	 is	 given	 directly	 to	 the	 grid	 (local	 ac	 power	
network),	the	rotation	speed	of	the	generator	is	fixed,	and	
so	 is	 the	 rotation	 speed	 of	 the	 wind	 turbine	 rotor.	 Any	
fluctuation	in	wind	speed	naturally	causes,	the	mechanical	
power	at	the	wind	turbine	rotor	to	vary	and,	because	the	
rotation	speed	is	fixed,	this	causes	the	torque	at	the	wind	
turbine	 rotor	 to	 vary	 accordingly.	Whenever	 a	wind	 less	
occurs,	 the	 torque	 at	 the	 wind	 turbine	 rotor	 thus	
increases	 significantly	 while	 the	 rotor	 speed	 less	 varies.	
Therefore,	 every	 less	 wind	 stresses	 the	 mechanical	
components	 in	 the	 wind	 turbine	 and	 causes	 a	 sudden	
increase	 in	 rotor	 torque,	 as	 well	 as	 in	 the	 power	 at	 the	
wind	 turbine	 generator	 output.	 Any	 fluctuation	 in	 the	
output	power	of	 a	wind	 turbine	 generator	 is	 a	 source	of	
instability	in	the	power	network	to	which	it	is	connected.	
In	variable‐speed	wind	turbines,	the	rotation	speed	of	the	
wind	 turbine	 rotor	 is	 allowed	 to	 vary	 as	 the	wind	 speed	
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varies.	This	precludes	the	use	of	asynchronous	generators	
in	 such	 wind	 turbines	 as	 the	 rotation	 speed	 of	 the	
generator	 is	 quasi‐constant	 when	 its	 output	 is	 given	
directly	 to	 the	 grid.	 The	 same	 is	 true	 for	 synchronous	
generators	 which	 operate	 at	 a	 strictly	 constant	 speed	
when	tied	directly	to	the	grid.	

This	 is	where	doubly‐fed	 induction	generators	come	into	
play,	 as	 they	 allow	 the	 generator	 output	 voltage	 and	
frequency	to	be	maintained	at	constant	values,	no	matter	
the	generator	rotor	speed.	By	adjusting	the	amplitude	and	
frequency	of	 the	ac	currents	 fed	 into	 the	generator	rotor	
windings,	 it	 is	 possible	 to	 keep	 the	 amplitude	 and	
frequency	 of	 the	 voltages	 produced	 by	 the	 generator	
constant,	 despite	 variations	 in	 the	 wind	 turbine	 rotor	
speed	caused	by	fluctuations	 in	wind	speed.	By	doing	so,	
this	 also	 allows	 operation	 without	 sudden	 torque	
variations	 at	 the	wind	 turbine	 rotor,	 thereby	 decreasing	
the	stress	 imposed	on	the	mechanical	components	of	 the	
wind	 turbine	and	 smoothing	variations	 in	 the	amount	of	
electrical	power	produced	by	the	generator.		

Using	 the	 same	 means,	 it	 is	 also	 possible	 to	 adjust	 the	
amount	 of	 reactive	 power	 exchanged	 between	 the	
generator	 and	 the	 ac	 power	 network.	 This	 allows	 the	
power	factor	of	the	system	to	be	controlled.	Finally,	using	
a	 doubly‐fed	 induction	 generator	 in	 variable‐speed	wind	
turbines	allows	electrical	power	generation	at	lower	wind	
speeds	 than	 with	 fixed‐speed	 wind	 turbines	 using	 an	
asynchronous	generator	

5. DFIG	BASED	WIND	FORM	

Wind	 farm	 in	 this	 consists	 of	 Doubly	 Fed	 Induction	
Generator	 i.e.	 DFIG.	 The	DFIG	 is	Wound	Rotor	 Induction	
Generator	with	the	stator	windings	directly	connected	to	
the	 constant‐frequency	 three‐phase	 grid	 and	 the	 rotor	
windings	is	fed	by	the	rotor	side	converter	(RSC)	and	the	
grid	 side	 converter	 (GSC)	 connected	 back‐to‐back	 as	
shown	 in	 the	 Fig	 4.2	 .	 At	 steady	 state	 the	 RSC	
independently	regulates	stator	active	and	reactive	powers	
where	 as	 GSC	 keeps	 the	 DC	 link	 voltage	 constant	
independent	 of	 magnitude	 and	 direction	 of	 the	 rotor	
power.	 In	 this	paper	 the	wind	 farm	 is	 represented	using	
semi	 power	 system	 toolbox	 in	Matlab/Simulink	where	 6	
wind	 turbines	 and	 DFIGs	 are	 represented	 as	 one	
equivalent	DFIG	driven	by	single	equivalent	wind	turbine.	
Each	 individual	 DFIG	 wind	 turbine	 represents	 a	 1.5MW	
wind	turbine	generator	(WTG)	system,	The	parameters	of	
the	 equivalent	wind	 turbine	 and	DFIG	 are	 given	 in	 table	
4.1.	

	

Figure	3:	Configuration	of	DFIG	wind	Energy	conversion	
system	using	back‐to‐back	converter.	

DFIG	 stator	 is	 connected	 directly	 to	 the	 grid.	 So	 during	
grid	 fault,	 high	 current	 will	 be	 induced	 in	 the	 rotor	
windings	 and	 the	 protection	 system	 will	 block	 the	 RSC.	
The	 grid	 side	 converter	 (GSC)	 cannot	 provide	 sufficient	
reactive	power	and	voltage	support	due	to	its	small	power	
capability,	and	there	might	be	a	risk	of	voltage	instability.	
As	a	result,	utilities	disconnect	 the	DFIG	 immediately	 for	
its	 protection.	 To	 minimize	 effects	 of	 the	 grid	 side	
disturbances	 on	 DFIG	 wind	 farm	 during	 and	 after	 fault,	
reactive	power	compensation	is	required	to	remain	DFIG‐
wind	farm	in	service	because	DFIG‐based	wind	farm	can’t	
provide	sufficient	reactive	power	and	voltage	support	due	
to	its	limited	power	capacity.	

6. EXPERIMENTAL	SET	UP	

Figure	4	

Figure.4	shows	the	single	line	diagram	of	the	test	system	
used	for	this	study.	The	grid	model	consists	of	a	120	kV	,	
60	 Hz,	 grid	 supply	 point,	 feeding	 a	 25	 kV	 distribution	
system	 through	 120/25	 kV,	 47	 MVA	 step	 down	
transformer,	 which	 feeding	 a	 575V	 system	 through	
25kV/575V,	12	MVA	step	down	transformer.	

There	are	two	loads	in	the	system;	one	load	of	2	MVA,	0.9	
pf		(lag)	at	30	Km	from	transmission	line,	and	a	static	load	
of	 500	 KW	 at	 575V	 bus.	 The	 25	 kV,	 30	 Km	 long	 line	 is	
represented	as	nominal‐Π	line.	The	DFIG‐based	wind	farm	
consists	 of	 six	wind	 turbines	 each	with	 1.5	MW	 (total	 9	
MW)	which	have	a	protection	system	monitoring	voltage,	
current,	machine	speed	and	DC	 link	voltage	 is	connected	
at	 575V	 bus.	 The	 wind	 speed	 increases	 slowly	 from	 8	
m/sec	and	reaches	the	final	constant	value	of	14	m/sec	at	
16	sec.	All	the	tests	here	are	studied	after	system	reaches	
steady	 state	 i.e.	 after	 16	 sec.	 The	GSC	 in	DFIG	maintains	
the	 DC	 link	 voltage	 almost	 constant	 at	 1200	 V	 during	
normal	 operating	 condition.	 The	 STATCOM	 is	 shunt	
connected	at	 the	 sending	end	bus	 (25kV	bus)	 to	provide	
dynamic	compensation	of	reactive	power.	The	parameters	
of	the	system	components	are	given	in	Table	4.1	

	

Table	1	
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