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ABSTARCT	

In	 the	power	 system,	 large	wind	 farms	main	 is	 the	 stability	and	 control	 issues.	A	 thorough	 study	 is	needed	 to	 identify	 the	
potential	problems	and	 to	develop	measures	 to	mitigate	 them.	Although	 integration	of	high	 levels	of	wind	power	 into	an	
existing	 transmission	 system	 does	 not	 require	 a	 major	 redesign,	 it	 necessitates	 additional	 control	 and	 compensating	
equipment	 to	 enable	 recovery	 from	 severe	 system	 disturbances.	 In	 this	 thesis	 the	 STATCOM	 control	 scheme	 for	 the	 grid	
connected	wind	energy	generation	system	 for	power	quality	 improvement	 is	simulated	using	MATLAB/SIMULINK	 in	power	
systems	block	set	FFT.	Fuzzy	based	controller	is	designed	to	reduce	the	THD	(Total	Harmonic	Distortion).	A	marked	reduction	
in	 the	 Total	 Harmonic	 Distortion	 is	 observed	 in	 source	 current	 of	 Wind	 Power	 Generation	 System	 (WPGS)	 with	 the	
incorporation	of	Fuzzy	controller.	Fuzzy	logic	gives	the	25%		less	THD	value	from	the	without	controller	THD	value	.		

Index	Terms‐	Fuzzy	Logic	controller	(FLC),	Static	Synchronous	Compensator	(STATCOM),	Total	Harmonic	Distortion	(THD),	
Wind	Power	Generation	System	(WPGS).	

1. INTRODUCTION	

A	turbine	could	be	a	device	that	changes	over	K.E.	(Kinetic	
Energy)	from	the	wind	into	electric	force.	Turbine	utilized	
for	charging	batteries	is	additionally	expressed	as	a	wind	
charger.	The	after	effects	of	more	than	a	thousand	years	of	
windmill	advancement	and	popular	building,	today's	wind	
turbines	 are	 processing	 plant	 made	 in	 a	 wide	
determination	of	vertical	and	 flat	pivot	assortments.	The	
most	 modest	 turbines	 are	 utilized	 for	 applications	 like	
battery	 charging	 for	 assistant	 force	 for	 pontoons	 or	
parades	 or	 to	 power	 movement	 cautioning	 signs.	
Marginally	 bigger	 turbines	 will	 be	 utilized	 for	 making	
commitments	 to	 a	 local	 force	 offer	 while	 promoting	
unused	power	back	to	the	utility	supplier	by	means	of	the	
electrical	network.	Varieties	of	huge	turbines,	called	wind	
ranches,	have	turn	 into	a	dynamically	essential	supply	of	
renewable	 vitality	 and	are	utilized	by	 a	 few	nations	as	 a	
piece	 of	 a	 strategy	 to	 curtail	 their	 dependence	 on	 fossil	
energizes	[1].		

A	 quantitative	 live	 of	 the	 wind	 vitality	 out	 there	 at	 any	
area	 is	 termed	 the	WIND	POWER	DENSITY	 (WPD)	 it’s	 a	
computation	 of	 the	 mean	 yearly	 power	 out	 there	 per	
square	meter	of	cleared	space	of	a	rotating	motor,	and	is	
organized	for	different	statures	higher	than	ground.	Count	
of	option	vitality	thickness	incorporates	the	effect	of	wind	
speed	 and	 air	 thickness.	 Shading	 coded	 maps	 are	
prepared	 for	 a	 chose	 space	 spoke	 to,	 as	 a	 sample,	 as	
"Mean	 Annual	 Power	 Density	 at	 Fifty	 Meters".	 Inside	 of	
the	 US,	 the	 after	 effects	 of	 the	 on	 top	 of	 estimation	 are	
encased	in	a	file	grew	by	the	National	Renewable	Energy	
Laboratory	 and	 expressed	 as	 "NREL	 CLASS".	 The	 bigger	
the	 WPD	 estimation,	 the	 upper	 it’s	 appraised	 by	
classification.	 Classifications	 shift	 from	 Class	 one	
(200watts	for	each	square	meter	or	less	at	50m	height)	to	
Class	 seven	 (800	 watts	 2000	 watts	 for	 every	 sq.	 m).	
Modern	wind	cultivates	more	often	 than	not	are	sited	 in	
class	 three	 or	 higher	 territories,	 however	 disengaged	

focuses	 in	 a	 generally	 classification	 one	 space	 is	
additionally	sensible	to	exploit.	[12]		

Wind	 turbines	 are	 arranged	 by	 the	 wind	 pace	 they're	
intended	for,	from	class‐I	to	class‐IV,	with	or	B	relating	to	
the	turbulence.[13]		

Not	 all	 the	 vitality	 of	 preparing	 wind	 will	 be	 gathered,	
since	 preservation	 of	mass	 needs	 that	 the	most	 extreme	
sum	masses	of	air	 leaves	 the	 rotating	motor	as	 it	 enters.	
The	Betz's	law	is	giving	the	best	conceivable	extraction	of	
option	 vitality	 by	 a	 rotating	 motor	 as	 fifty	 nine	 of	 the	
entire	K.E.	of	the	air	coursing	through	the	turbine	[2].		

Further	in	efficiencies,	similar	to	rotational	wing	grinding	
and	drag,	packaging	misfortunes,	generator	and	convertor	
misfortunes,	 scale	back	 the	office	 conveyed	by	a	 turbine.	
Mechanical	 utility	 associated	 turbines	 convey	 seventy	
fifth	 to	 eightieth	 of	 the	 Betz	 furthest	 reaches	 of	 force	
removable	from	the	wind,	at	evaluated	agent	speed.		

Proficiency	 will	 diminish	 marginally	 over	 the	 long	 run	
owing	to	wear.	Examination	of	3128	wind	turbines	more	
established	 than	 ten	 years	 in	 Kingdom	 of	 Denmark	
demonstrated	 that	 half	 the	 turbines	 had	 no	 diminishing,	
though	the	 inverse	half	 saw	a	creation	 lessening	of	1.2%	
every	year.		

The	3	Essential	Types:	

 HAWT	towered		

 VAWT	Savonius		

 VAWT	Darrieus		

A	 Horizontal‐Axis‐Wind‐Turbines	 (HAWT)	 has	 the	 most	
axis	 of	 turn	 and	 electrical	 generator	 at	 the	 most	
astounding	 of	 a	 tower,	 and	 ought	 to	 be	 pointed	 into	 the	
wind.	Little	 turbines	are	pointed	by	a	simple	vane,	while	

JAI DEEP BISHNOI et al. 
Volume 3 Issue 5: 2015

Citation: 10.2348/ijset09151177 ISSN (O): 2348-4098 
ISSN (P): 2395-4752

International Journal of Science, Engineering and Technology- www.ijset.in 1177



monster	 turbines	 as	 a	 rule	 utilize	 a	 wind	 device	
notwithstanding	 a	 servo	 engine.	 Most	 have	 a	 packaging,	
that	 transforms	 the	 moderate	 revolution	 of	 the	 razor	
sharp	edges	into	a	speedier	pivot	that	is	extra	suitable	to	
drive	electrical	generator.[19]		

	

Fig	1:‐	Parts	of	a	horizontal	axis	turbine	(gearbox,	
pivot/rotor	of	revolution	and	brake	get	together)	being	

upraised	into	position.	

Behind	it	the	tower	produces	turbulence,	revolving	motor	
is	now	and	then	situated	upwind	of	 its	 tower.	Rotational	
motor	 razor	 sharp	 edges	 are	 made	 firm	 to	 prevent	 the	
sharpened	 pieces	 of	 steels	 and	 high	 winds	 pushed	 into	
tower.	Moreover,	the	sharpened	pieces	of	steels	are	set	a	
significant	separation	before	of	the	tower	and	are	for	the	
most	part	atilt	forward	into	the	wind	a	little	amount	[4].		

Downwind	 machines	 are	 designed,	 notwithstanding	 the	
matter	of	turbulence	(pole	wake),	as	an	after	effect	of	they	
don't	 need	 a	 further	 component	 for	 keeping	 them	 in	
accordance	 with	 the	 wind,	 and	 since	 in	 high	 winds	 the	
cutting	edges	will	be	permitted	to	twist	that	lessens	their	
cleared	space	thus	their	wind	resistance.	Since	cyclic	(that	
is	 dreary)	 turbulence	 could	 bring	 about	 weakness	
disappointments,	most	HAWTs	are	of	upwind	style	[5].		

Turbines	 used	 in	 wind	 ranches	 for	 modern	 creation	 of	
electrical	 force	 are	 now	 and	 then	 three	 bladed	 and	
pointed	 into	 the	 twist	 by	 PC	 controlled	 engines.	 These	
have	high	tip	rates	of	more	than	320km/h	(200mph),	high	
intensity,	 and	 low	 torsion	 swell	 that	 add	 to	 sensible	
obligation.	 The	 edges	 are	 here	 and	 there	 hued	white	 for	
daytime	 perceive	 ability	 by	 art	 and	 home	 long	 from	
twenty	 to	 forty	 meters	 (66ft	 to	 131ft)	 or	 extra.	 The	
annular	(tubular)	steel	towers	change	from	sixty	to	ninety	
meters	(200ft	to	300	ft)	tall.	The	razor	sharp	edges	pivot	
at	ten	to	twenty	two	cycles	 for	every	moment.	At	 twenty	
two	turns	for	each	moment	the	tip	pace	surpasses	ninety	
meters	 for	 every	 second	 (300ft/s).	 An	 apparatus	 box	 is	
regularly	 utilized	 for	 venturing	 up	 the	 velocity	 of	 the	
generator;	 however	 styles	 might	 furthermore	 utilize	
direct	commute	of	an	annulated	generator.	A	few	models	
work	 at	 steady	 speed,	 however	 extra	 vitality	 will	 be	
gathered	 by	 variable	 velocity	 turbines	 that	 utilization	 a	
strong	 state	 power	 convertor	 to	 interface	 to	 the	
transmission.	 All	 turbines	 are	 furnished	 with	 ensuring	
choices	 to	 evade	 harm	 at	 wind	 speeds,	 by	 plume	 the	
cutting	 edges	 into	 the	 wind	 that	 stops	 their	 pivot,	
supplemented	by	brakes.	

2. DESIGN	DESCRIPTION	

The	 STATCOM	 could	 be	 a	 shunt‐joined	 reactive‐power	
remuneration	 device	 that	 is	 fit	 for	 creating	 and/or	

engrossing	 reactive	 power	 and	 amid	 which	 the	 out‐put	
are	 frequently	 fluctuated	 to	 control	 the	 specific	
parameters	 of	 an	 electrical	 power	 grid.	 It's	 for	 the	most	
part	a	strong	state	shift	device	equipped	for	producing	or	
grasping	severally	controllable	real	and	reactive	power	at	
its	 out‐put	 terminals	 once	 it’s	 bolstered	 from	 an	 energy	
supply	at	 its	data	 terminals.	 In	particular,	 the	STATCOM,	
that	 could	 be	 a	 voltage‐source	 converter	 that	 once	
nourished	 from	 a	 given	 info	 of	 dc	 voltage,	 delivers	 an	
accumulation	 of	 3‐phase	 AC	 out‐put	 voltages,	 each	 in	
phase	with	and	coupled	to	the	relating	AC	system	voltage	
through	 a	 similarly	 little	 reactance	 (which	 is	 given	 by	
either	an	interface	reactor	or	the	leakage	inductance	of	a	
coupling	transformer).	

A	 STATCOM	 will	 enhance	 power‐system	 performance	
like:		

1.	 The	 dynamic	 voltage	 control	 in	 transmission	 and	
conveyance	systems,		

2.	 The	 power‐swaying	 damping	 in	 power	 transmission	
framework/system,		

3.	Transient	stability;		

4.	Voltage	flash	control;	and		

5.	The	control	of	not	singularly	 reactive	power;	however	
conjointly	 (if	 necessary)	 active	 power	 inside	 of	 the	
associated	line,	obliging	a	dc	energy	supply.		

Also,	a	STATCOM	will	the	accompanying:		

1.	 It	 possesses	 a	 little	 foot	 shaped	 impression,	 for	 it	
replaces	uninvolved	banks	of	circuit	parts	by	conservative	
electronic	converters;		

2.	 It	 offers	 standard,	 plant	 assembled	 instrumentality,	
subsequently	decreasing	site	work	and	commission	time;	
and		

3.	 It	 uses	 typified	 electronic	 converters,	 in	 this	 way	
minimizing	its	ecological	effect.		

A	 STATCOM	 is	 undifferentiated	 from	 a	 flawless	
synchronous	 machine,	 which	 produces	 an	 adjusted	
arrangement	 of	 three	 sinusoidal	 voltages	 at	 the	 basic	
recurrence	 with	 controllable	 amplitude	 and	 phase	 edge.	
This	 perfect	 machine	 has	 no	 inactivity,	 is	 basically	
moment,	 doesn't	 extensively	 change	 the	 overall	 system	
impedance,	 and	 may	 inside	 produce	 reactive	 (both	
inductive	and	capacitive)	power.		

Control	 scheme:	 the	 STATCOM	 could	 be	 a	 static	 VAR	
generator	 whose	 out‐put	 are	 regularly	 changed	 in	 this	
manner	 on	 keeps	 up	 or	 control	 bound	 particular	
parameters	 of	 the	 electrical	 power	 grid.	 The	 STATCOM	
could	 be	 a	 power	 electronic	 component	 that	 may	 be	
connected	 to	 the	 dynamic	 control	 of	 the	 reactive	 power	
and	in	this	manner	the	grid	voltage.	The	reactive	out‐put	
power	 of	 the	 compensator	 is	 fluctuated	 to	 deal	with	 the	
voltage	 at	 given	 transmission	 system	 terminals,	 so	
keeping	up	the	obliged	power	streams	all	through	feasible	
system	unsettling	influences	and	possibilities.				
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STATCOMS	have	the	power	to	handle	transient	occasions	
at	 a	 snappier	 rate	 and	 with	 higher	 execution	 at	 lower	
voltages	than	a	Static	VAR	Compensator	(SVC).	The	most	
current	in	an	exceedingly	STATCOM	is	autonomous	of	the	
system	 voltage.	 A	 STATCOM	 gives	 dynamic	 voltage	
control	 and	 power	wavering	 damping	 and	 enhances	 the	
system's	transient	stability.	By	controlling	the	phase	edge,	
the	 stream	 of	 current	 between	 the	 converter	 and	 AC	
system	are	controlled.	A	STATCOM	was	picked	as	a	supply	
for	 reactive	 power	 bolster	 as	 a	 consequence	 of	 its	 the	
power	 to	 interminably	 change	 its	 susceptance	 while	
responding	 rapidly	 and	 giving	 voltage	 support	 at	 a	
neighbourhood	 hub.	 Figure	No.1	 demonstrates	 the	 chart	
of	the	STATCOM	controller.	

	

Fig.	No.2:‐	Basic	STATCOM	Control‐Scheme	

A	STATCOM	infuses	about	a	bended	current	Io	of	variable	
greatness	 at	 some	 degree	 of	 association.	 The	 infused	
current	is	about	in	development	with	the	street	voltage	V,	
in	 this	 manner	 limitating	 an	 inductive	 or	 a	 capacitive	
reactance	 at	 the	 motivation	 behind	 reference	 to	 the	
transmission	 line.	 The	 common	 sense	 of	 the	 STATCOM	
model	 is	 checked	 by	 regulation	 of	 the	 reactive	 current	
move	through	it	this	is	useful	to	get	or	assimilate	reactive	
power	 for	 managing	 the	 line	 voltage	 of	 the	 transport	
wherever	 the	 STATCOM	 is	 joined.	 Similarly	 once	 the	
system	 voltage	 is	 more	 than	 the	 converter	 voltage,	 the	
system.	An	inductive	reactance	associated	at	its	terminal.	
For	 an	 inductive	 operation	 the	 current	 slacks	 the	 AC	
voltage	 by	 a	 point	 of	 90	 degrees,	 by	 expecting	 that	
converter	misfortunes	are	disregarded.		

	

Fig.	3	:‐	A	STATCOM	Worked	In	Inductive	And	Capacitive	
Modes.	

In	 the	 event	 that	 the	 STATCOM	 out‐put	 voltage	 and	
subsequently	 the	 AC	 system	 voltage	 are	 equivalent,	 the	
reactive	 current	 is	 zero	 and	 along	 these	 lines	 the	
STATCOM	 doesn't	 create	 or	 assimilate	 reactive	 power.	
Since	the	STATCOM	is	producing	or	engrossing	singularly	
reactive	power	 the	out‐put	 voltage	of	 the	 converter,	 and	
in	 this	 way	 the	 AC	 system	 voltage	 V	 are	 in	 phase	 once	
disregarding	circuit	misfortunes.	The	AC	current	sizes	are	
frequently	 ascertained	 by	 utilizing	 the	 resulting	
comparison.		

3. PROBLEM	STATEMENT	

Without	any	controller	system	THD	value	is	going	up	to	1	
%.	 As	 the	 image	 is	 showing	 that	 design	 statcom	 not	
contain	any	controller.		

	
FIG	4	:‐	STATCOM	DESIGN	

As	 the	results	of	 the	THD	graph	sis	showing	 the	value	of	
the	 THD	 is	 1%	 .The	 value	 of	 the	 THD	 can	 be	 reduce	 by	
apply	fuzzy	logic	.		

	

Fig	5:‐	THD	graphs	value	

4. PROPOSED	METHOD	LOGY	

Table	 1	 :‐	 Parameters	 of	 the	 design	 Using	 of	 STATCOM	
Controller	with	4	3‐Level	Bridge	IGBTs.	

S.no Parameters Rating	

1 Grid	Voltage 3‐phase	,415	v	,	50Hz

2 Induction	
Motor/gensrator	

3.5	KVA,	415	V	 ,	 50	Hz,P=4,	
speed	 =1440rpm,	
Rr=0.1,Rs=0.15,Ls=Li=0.06H

3 Line	 series	
Inductance	

0.05mH	
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4	 Inverter	parameter	 DC	 link	 ,	 Voltage	 ‐800V,	 DC	
Link	 Capacitor	 ‐100uF,	
switching	frequency	=2khz	

5	 IGBT	Rating	 Collector	 Voltage	 =1000v	 ,	
Forward		current	=50A,	Gate	
voltage=20v,	 power	
distribution	=310	v	.	

6	 Load	parameter	 Non	linear	load	25	kw

	

	

Fig	6	:‐	Proposed	Design	input	Rules	

	

Fig	7:‐	Proposed	Design	output	Rules	

	

Fig	8:‐	Proposed	Design	Model	

Fuzzy	logic	design	rules	are	given	below		

i) 													If	‗Ve‘	is	‗ENVVH‘	Then	‗I‘	is	‗INVVH‘		
ii) If	‗Ve‘	is	‗ENVH‘	Then	‗I‘	is	‗INVH‘		
iii) If	‗Ve‘	is	‗ENH‘	Then	‗I‘	is	‗INH‘		
iv) If	‗Ve‘	is	‗ENM‘	Then	‗I‘	is	‗INM‘		
v) 													If	‗Ve‘	is	‗ENL‘	Then	‗I‘	is	‗INL‘		
vi) If	‗Ve‘	is	‗EZ‘	Then	‗I‘	is	‗IZ‘		
vii) If	‗Ve‘	is	‗EPL‘	Then	‗I‘	is	‗IPL‘		

viii) If	‗Ve‘	is	‗EPM‘	Then	‗I‘	is	‗IPM‘		
ix) If	‗Ve‘	is	‗EPH‘	Then	‗I‘	is	‗IPH‘	
x) If	‗Ve‘	is	‗EPVH‘	Then	‗I‘	is	‗IPVH‘		
xi) If	‗Ve‘	is	‗EPVVH‘	Then	‗I‘	is	‗IPVVH‘	
	
	
5. RESULTS	

WITHOUT	ANY	CONTROLLER	

	

Figure	9:‐	THD	for	without	Controller	

	

Figure	10:‐	Waveform	for	without	any		Controller	

	

Figure	11:‐	STATCOM	Waveform	for	without	any	
Controller	

WITH	FUZZY	LOGIC	
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Figure	12:‐	THD	for	Fuzzy	Logic	Controller	

	

Figure	13:‐	Waveform	for	Fuzzy	logic	Controller	

	

Figure	14:‐	STATCOM	Waveform	for	fuzzy	Controller	

	

FFT	using	 the	PI	controller	yields	1.00%	Total	Harmonic	
Distortion.	 FFT	 using	 the	 Fuzzy	 controller	 yields	 0.75%	
Total	Harmonic	Distortion.	 Thus	 reduction	 in	 THD	using	
PI	 and	 Fuzzy	 controller	 in	 the	 proposed	 model	 has	
improved	the	power	quality	of	the	wind	power	generator	
system.	

6. CONCLUSION	

Particular	paper	STATCOM	(controller	 fuzzy‐logic	based)	
is	 exhibited	 for	 grid	 joined	 wind	 energy	 generating	

system.	 The	 anticipated	 FLC	 based	 STATCOM	 have	
enhanced	the	power	nature	of	source	current	extensively	
by	 lessening	 the	 THD	 from	 1.00%	 to	 0.75%.	 	 Clear	
representation	 states,	 a	 STATCOM	 with	 a	 FLC	 perform	
better	 than	 a	 STATCOM	 with	 a	 conventional‐type	 PI‐
Controller.						

In	 the	 future	 we	 can	 improve	 the	 results	 by	 use	 neural	
network	for	reduce	the	THD	graphs	.		
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