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	 	 ABSTRACT	

The	aim	of	the	paper	 is	to	enhance	the	power	system	stability	and	to	reduce	the	power	 losses	 in	three	area	 interconnected	
power	 system	 [10]	using	TCSC	and	SVC.	 In	present	power	 system,	controllability	of	power	 losses	 is	a	major	 issue,	and	also	
enhancement	of	 system	stability	 is	an	 important	 task	 to	 improve	power	 system	 .For	 that	purpose	we	are	analyzing	47	bus	
system		i.e.	interconnection	of	three	areas,	such	as	9	bus	,	14	bus	and	24	bus.	The	comparison	between	general	47	bus	system	is	
detailed	and	proposed	new	HVDC	system	for	 interconnection	 in	47	bus	system	using	FACTS	device	 is	also	detailed.	The	best	
location	of	the	FACTS	device	 is	recognized	by	Power	Flow	Analysis	 .The	analysis	 is	carried	out	using	power	system	Analysis	
Toolbox	(PSAT)	software.In	this	paper	we	are	going	to	find	the	best	location	of	installing	facts	devices	in	47	bus	system.	We	
are	analyzing	the	system	behavior	and	minimization	of	real	power	losses	in	the	47‐bus	system	and	advance	technology	of	facts	
device	enhances	stability.		we	are	using	TCSC	and	SVC	within	the	system	and	identify	the	best	location	where	the	real	power	
losses	are	reduced	compared	with	47‐bus	 system	without	 facts	devices,	and	we	are	placing	HVDC	 links	 to	 interconnect	 the	
three	areas	such	as	9‐bus,	14‐bus	&	24‐bus	to	form	47‐bus	system	.While	comparing	individual	TCSC	device,	SVC	device,	HVDC	
link	and	every	possible	combination	 (TCSC,	SVC	&	HVDC),	 the	real	power	 losses	are	minimized	 (less)	 in	combination	when	
compare	to	individual	cases.	Combination	of	both	devices	gives	better	performance	for	47	bus	system.	The	simulation	has	been	
carried	out	in	PSAT	[9]	interfaced	with	MATLAB	package.	

Index	Terms:	Interconnections,	HVDC,	TCSC,	SVC	and	Eigen	values	etc.	

	

1.	INTRODUCTION	

Every	 transmission	 network	 has	 its	 own	 maximum	
loading	capacity	because	of	well‐known	thermal	limits	of	
the	material	 used	 in	 the	 construction	 of	 power	 system	
network.	 Angle	 stability	 is	 defined	 by	 the	 load	 angle	
(phasor	 difference	 between	 sending	 end	 and	 receiving	
end	 voltages).	While	 the	 voltage	 stability	 is	 defined	 by	
the	 magnitude	 of	 receiving	 end	 voltage	 phasor	 by	
keeping	 sending	 end	 voltage	 fixed.	 So	 receiving	 end	
voltage	 of	 the	 transmission	 line	 solely	 depends	 upon	
variations	 (rise	 or	 drop)	 in	 the	 reactance	 of	 the	 line.	
When	system	voltage	is	low,	one	has	to	generate	reactive	
power	 (capacitive).	 When	 system	 voltage	 is	 high,	 one	
must	 absorb	 reactive	 power	 (inductive)	 [5].therefore	
reactive	 power	 plays	 the	 major	 role	 to	 improve	 the	
power	transfer	capability	of	the	system.		

The	 reactive	 power	 requirement	 can	 be	 met	 by	 the	
generator	itself,	but	it	has	its	own	limits	(capability).The	
alternative	 s	we	 have	 is	 either	 to	 take	 apart	 alternator	
reserved	 as	 a	 reactive	 power	 generator	 or	 produce	 the	
reactive	 power	 exterior	 to	 the	 central	 generator.	 This	
purpose	can	be	served	by	linking	the	capacitor	banks	or	
inductive	 reactors	 in	 series,	 parallel	 or	 both	 as	 per	 our	
necessity,	by	using	which	 the	 reactive	power	generated	
and	manipulated	as	per	our	requirement.		

There	 are	 different	 types	 of	 power	 electronics	 devices	
called	 FACTS	 controllers	 named	 as	 TCSC,	 SVC,	 and	
STATCOM	 etc.	 which	 enhances	 the	 real	 and	 reactive	

power	 flows	 in	 the	 transmission	 network.	 It	 is	 well	
known	that	shunt	and	series	compensation	can	be	used	
to	 increase	 the	maximum	transfer	capabilities	of	power	
networks.	With	the	improvements	in	current	and	voltage	
handling	 capabilities	 of	 power	 electronic	 devices	 that	
have	 allowed	 for	 the	 development	 of	 Flexible	 AC	
Transmission	 Systems	 (FACTS),	 the	 possibility	 has	
arisen	of	using	different	types	of	controllers	for	efficient	
shunt	and	series	compensation.	Thus,	FACTS	controllers	
[12]	based	on	Thyristor	controlled	reactors	(TCRs),	such	
as	 Static	 VAR	 Compensators	 (SVCs)	 [4]	 and	 Thyristor	
Controlled	Series	Capacitors	(TCSCs),	are	being	used	by	
several	utilities	to	compensate	their	systems.										

More	recently,	various	types	of	controllers	for	shunt	and	
series	 compensation,	 based	on	 voltage	 source	 inverters	
(VSIs),	 i.e.,	 shunt	 and	 Series	 Static	 Synchronous	
Compensators	 (STATCOMs	 and	 SSSCs)	 and	 Unified	
Power	 Flow	 Controllers	 (UPFCs)	 have	 been	 proposed	
and	 developed.	 This	 paper	 concentrates	 on	 thoroughly	
studying	 the	 effects	 of	 SVCs	 and	 TCSCs	 on	
interconnected	 power	 system.	 While	 improving	 the	
reactive	 power	 flow,	 FACTS	 controllers’	 simultaneously	
controls	 the	 power	 system	 operation	 effectively.	 The	
reactive	 power	 flows	 and	 active	 power	 flows,	 voltage	
phasors,	 currents,	 transient	 stability,	 even	 power	
oscillation	 damping’s	 can	 also	 be	 effective	 modified	 by	
using	FACTS	controllers	

This	paper	organized	 in	 six	 sections.	First	 section	gives	
brief	 introduction	 to	 this	 paper	 while	 second	 section	
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Table	5.1:	Tabulation	to	compare	losses	in	the	system	with	possible	interconnections	and	SVC	placement	

	

Table	5.2:	Tabulation	to	compare	performance	of	TCSC	at	various	locations	

	

	

Figure	5.2:	layout	of	three	area	interconnected	system	using	HVDC	links	and	TCSC	at	optimal	locations	in	all	areas	and	
SVC	at	optimal	location	in	area	3	
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Figure	 5.2	 represents	 all	 FACTS	 controllers	 at	 their	
optimal	locations	in	all	areas.	

Table	5.3:	Tabulation	to	compare	losses	using	TCSC	at	
various	percentage	of	compensation	and	placed	at	
optimal	location	of	all	areas	and	SVC	at	optimal	

location	in	area	3	

 

5.1.2.	EIGEN	VALUE	ANALYSIS		

Eigen	 value	 analysis	 of	 the	 system	 is	 used	 to	 determine	
the	 stability	 of	 the	 system,	 here	 in	 this	 paper,	 by	 using	
TCSC	 and	 SVC	 at	 the	 optimal	 locations	 in	 the	 three	 area	
interconnected	 system	 as	 shown	 in	 Fig:	 5.1	 and	 5.2,	 we	
can	 shift	 the	 Eigen	 values	 from	 positive	 real	 axis	 to	
negative	 real	 axis,	 which	means	 improvement	 of	 system	
stability	 [11].	 The	 following	 Plots	 which	 are	 generated	
using	 PSAT	 are	 used	 to	 understand	 the	 stability	 of	 the	
interconnected	system	with	case	one	and	case	five.	PSAT	
calculates	 impedance	of	every	bus	present	 in	the	system.	
These	 impedances	 are	 used	 to	 generate	 the	 transfer	
function	 of	 the	 system	 which	 in	 turn	 used	 to	 plot	 root	
locus	 of	 the	 system,	 which	 defines	 dynamic	 stability.	 As	
we	 all	 know	 in	 power	 system	 stability	 by	 Eigen	 value	
analysis	can	be	determined	by	number	of	Eigen’s	present	
in	negative	real	axis.	As	more	number	of	Eigen’s	shifted	to	
negative	 real	 axis,	 the	 system	 becomes	 more	 stable.	 By	
using	 various	 devices	 placed	 at	 optimal	 location	 in	 all	
areas	 we	 can	 improve	 the	 stability	 of	 the	 system.	 Eigen	
value	plots	for	case	one	and	case	five	are	presented	below.	

	

Figure	5.3:	Eigen	value	plot	for	case	1	

	

Figure	5.4:	Eigen	value	plot	for	case	5	(TCSC	at	50%	
compensation)	

We	 can	 understand	 the	 improvement	 of	 dynamic	 order	
and	 power	 system	 stability	 by	 going	 through	 the	
tabulations	provide	below.	

By	going	through	these	tables	we	come	to	know	that,	we	
can	achieve	enhanced	stability	and	we	can	reduce	power	
losses	by	using	TCSC,	SVC	and	HVDC	links		

Table	5.4:	Tabulation	to	compare	Eigen	values	of	
possible	interconnections	and	SVC	

 

Table	5.5:	Tabulation	to	compare	Eigen	values	of	TCSC	
at	various	locations	
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Table	5.6:	Tabulation	to	compare	Eigen	values	of	TCSC	
at	various	percentage	of	compensation	and	placed	at	
optimal	location	of	all	areas	and	SVC	at	optimal	

location	in	area	3 

	

6.	CONCLUSION	

In	 this	 project	 PSAT	 interfaced	with	MATLAB	 is	 used	 to	
carried	 out	 simulations	 of	 three	 area	 interconnected	
system	(9	bus	system,14	bus	system,	24	bus	system),	we.	
We	can	observe	that	by	placing	TCSC	at	optimal	places	at	
all	areas,	one	can	reduce	total	 real	power	 losses	and	can	
shift	positive	Eigen’s	to	negative	real	axis,	Hence	stability	
of	 the	system	improves	considerably.	We	can	go	through	
the	tabulations	for	better	perception.	

We	can	use	SVC	at	optimal	location	in	area	3	to	get	better	
results	 than	 all	 other	 possibilities	 considering	 various	
economic	 reasons.	 SVC	 provides	 better	 stability	
comparing	 with	 TCSC.	 By	 choosing	 these	 two	 devices	
effectively	and	placing	 them	at	correct	positions	one	can	
improve	 the	 stability	of	 the	 system	economically.	 Finally	
we	 operate	 TCSC	 at	 various	 compensation	 levels	 along	
with	 SVC	 at	 area	 3,	 So	 that	 we	 can	 conclude	 that	 	 by	
increasing	 percentage	 level	 of	 compensation	 of	 TCSC,	
losses	can	be	reduced,	stability	improved.	As	we	all	know,	
by	 reducing	 losses	 we	 can	 meet	 loads	 effectively.	 This	
project	also	explains	about	interconnection	of	three	areas.	
We	 can	 also	 conclude	 that	 interconnections	 using	 HVDC	
links	 can	 reduce	 the	 overall	 system	 losses	 and	 also	
improves	the	dynamic	order	of	the	system.	

In	 this	 paper	 simulations	 are	 carried	 out	 using	 PSAT	
interfacing	 with	 MATLAB.	 This	 project	 concentrates	 on	
TCSC	 and	 SVC	 only.	 In	 future	 this	 project	 can	 be	 carried	
out	using	various	other	FACTS	controllers	for	betterment.	
We	 can	 also	 carry	 out	 this	 project	 by	 using	 Fuzzy	
controllers.	 In	 future	 artificial	 intelligence	 plays	 a	major	
role	 in	 the	 world	 as	 it	 is	 much	 nearer	 to	 the	 human	
intelligence.	 So	 we	 can	 also	 carry	 out	 these	 simulations	
using	ANN	methods.	
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