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FACTS Devices in Multi Machine Systems for 
Optimal Placement 

 
 
 
 
 
Abstract: A new multi machine bus network based power 
optimization approach has been presented in this paper. 
Main advantage of this proposed network is to improve the 
power quality using FACTS devices in power systems. In 
this paper modeling and simulation of modified bus system 
using interphase of FACTS devices is done. Simulations 
results are obtained for the dynamic case studies. This 
paper mainly proposes a modified multi machine bus 
system with an enhanced power quality. Simulations 
results are compared with conventional  bus with proposed 
system by using FACTS devices. 
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1. Introduction: 
The requirement for more prominent green quality structures 
control has given upward pushed to present day innovation in 
power period and transmission. The mixed cycle power station 
is an eminent occurrence of a fresh out of the plastic new 
improvement in vitality age and adaptable AC transmission 
frameworks, FACTS as they're regularly perceived, are new 
gadgets that upgrade transmission structures. Overall 
transmission frameworks are available procedure constant 
changes and rebuilding. They have turned out to be additional 
firmly stacked and are being worked in methodologies now 
not at first anticipated. Transmission structures must be 
adaptable to respond to increasingly various innovation and 
payload styles. Furthermore, the savvy utilization of 
transmission device possessions is of imperative 
noteworthiness to enable utilities in industrialized worldwide 
areas to stay forceful and to live to tell the story in creating 
nations, the upgraded utilization of transmission frameworks 
speculations is moreover vital to enable industry, to make 
work and use adequately rare money related sources. 
Adaptable AC Transmission Systems (FACTS) is a time that 
reacts to those wants. It generously adjusts the way 
transmission structures are advanced and oversaw together 
with updates in resource use, device adaptability and machine 
by and large execution. Actualities gadgets are utilized for the 
dynamic control of voltage, impedance and stage point of 
view of unnecessary voltage AC transmission lines. Beneath 
the particular essential sorts of FACTS devices are portrayed: 
Static Var Compensator (SVC's), the most critical FACTS 
devices had been utilized for various years to upgrade 

transmission line financial aspects by method for settling 
dynamic voltage issues. The precision, accessibility and 
expedient reaction empower SVC's to offer inordinate in 
general execution consistent nation and transitory voltage 
control in examination with traditional shunt repayment. 
SVC's are likewise used to hose down power swings, upgrade 
brief parity, and abatement framework misfortunes through 
improved receptive quality control. Thyristor oversaw 
gathering compensators (TCSCs) are an expansion of regular 
arrangement capacitors by means of including thyristor-
controlled reactor. Setting a controlled reactor parallel FACTS 
– For esteem compelling and reliable transmission of electrical 
power with an arrangement capacitor permits a ceaseless and 
hurriedly factor gathering repayment gadget. The first points 
of interest of TCSCs are raised quality switch, hosing of 
vitality  
 
Motions, hosing of sub synchronous resonances, and control 
of line control stream. STATCOMs are GTO (door turn-off 
kind thyristor) based thoroughly SVC's. Contrasted and 
regular SVC's (see above) they don't require vast inductive 
and capacitive segments to give inductive or capacitive 
receptive solidarity to high voltage transmission frameworks. 
This impacts in littler land UPFC. This gadget is similar to a 
stage exchanging transformer anyway can rehearse an 
arrangement voltage of the ideal section edge instead of a 
voltage with an immovable stage frame of mind.  
 

 
Fig 1. UPFC Circuit Diagram 
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The section on Worldwide Applications contains descriptions 
of typical applications for FACTS devices. 
 
2. Related Work: 
V. V. Satyanrayana, S. Rama Reddy (2013), [1] Deled with 
the modeling and simulation of IEEE 14-bus gadget using 
interphase controller. The simulations effects are obtained 
through the use of MATLAB-simulink. Simulations effects 
are obtained for the dynamic case studies. This work 
specifically proposed a modified IEEE-14 bus machine with 
an stronger strength high-quality. Simulations consequences 
are compared with conventional IEEE-14 bus with proposed 
machine by the use of inter segment controllers.  
 
Deregulation of vitality markets, entrance of renewables, 
prevalent metering capacities, and the desire for situational 
acknowledgment, all name for contraption tremendous quality 
gadget country estimation (PSSE). Vassilis Kekatos (2013) 
[2], Implemented an incorporated estimator despite the fact 
that is basically infeasible as a result of the unpredictability 
size of an interconnection, the report bottleneck in genuine 
time following, adjacent revelation guidelines, and 
dependability issues. In this unique circumstance, appropriated 
PSSE techniques are dealt with here underneath a brought 
together and efficient structure. A tale set of guidelines is 
created based at the exchanging way strategy for multipliers. It 
use present PSSE solvers, regards privateness rules, well-
knownshows low verbal trade burden, and its intermingling to 
the concentrated evaluations is ensured even inside the 
nonappearance of neighborhood discernibleness. Past the 
conventional least-squares essentially based PSSE, the 
decentralized structure contains a durable kingdom estimator. 
By abusing exciting connects to the compressive inspecting 
propels, the last mutually appraises the state and recognizes 
defiled estimations. The tale calculations are numerically 
assessed the utilization of the IEEE 14-, 118-transport, and a 
4,two hundred-transport benchmarks. Reenactments uncover 
that the functional precision might be come to inside some 
between region trades, whilelargest lingering checks are 
beated.  
 
Satyendra Pratap Singh and S.P. Singh (2014) [3] dealt with 
Integer Programming essentially based strategy is provided for 
the principal situation of Phasor Measurement Unit (PMU) 
that limits the estimation of set up and give the entire power 
machine recognizability. The thoughts of zero infusion 
transports are utilized on this work for further markdown in 
number of PMUs. Whole number Programming may likewise 
create various impacts if neighboring transports to 0 infusion 
transports are not taken care of pleasantly. Despite the fact that 
the majority of the outcomes are exact yet make perplexity in 
settling on thought about one of them. So as to moderate this 
issue a paradigm has been proposed in this artistic creations to 
pick the  
 

fitting region of PMU in such events. The proposed set of 
standards is analyzed on IEEE 14-transport, IEEE 24-transport 
and IEEE 30-transport structures.  
 
Wavelet rebuild is proposed by methods for Prakash K. Beam, 
B. K. Panigrahi, P. K. Defeat (2016) [4], in this works of art 
for location of islanding and blame aggravations apportioned 
age (DG) principally based vitality gadget. An IEEE 14-
transport framework with DG infiltration is considered for the 
discovery of aggravations under unmistakable working 
conditions. The quality contraption is a half and half blend of 
photovoltaic, and wind control framework associated with 
unique transports with exceptional level of infiltration. The 
voltage sign is recovered at the factor of ordinary coupling 
(PCC) and prepared through wavelet revise to find the 
unsettling influences. Further, power and general deviation 
(STD) as by and large execution files are assessed and 
contrasted and a reasonable edge in order to break down an 
unsettling influence circumstance. Once more, a relative 
investigation among the predominant and proposed 
recognition is concentrated to demonstrate the better generally 
execution of wavelet revamp.  
 
S. Harish Kiran, Subhransu Sekhar Dash, and C. Subramani 
and Somashree Pathy (2016) [5], examined the 
Predetermination of solidness in vitality gadget network by 
utilizing improvement systems through unmistakable line 
strength files. A half and half streamlining strategy has 
determined by method for altering Particle Swarm 
Optimization (PSO) with Hybrid Genetic Algorithm (HGA) 
and connected in making sense of the vitality contraption 
network security conditions. Two line solidness files, 
comprising of Fast Voltage Stability Index (FVSI) and 
Apparent Line Power Stability Index (ALPSI) are utilized as a 
soundness proximator device. The execution of the proposed 
half breed approach is productively actuated in "IEEE – 14 
Bus System" and its outcomes are in examination with 
customary strategy. 
 
3. Methodology: 
Burden skim is a fundamental gadget used by quality 
architects for arranging, to choose the great task for a quality 
machine and change of power among application 
organizations. So as to have a green running power device, it's 
far important to choose which approach is fitting and 
efficientfor the gadget's heap stream assessment. A power 
coast assessment approach can likewise take quite a while and 
thusly spare you achieving a right final product to a power 
glide answer because of constant changesin power request and 
ages. This paper gives assessment of the weight drift 
inconvenience in powersystem arranging considers. The 
numerical techniques: Gauss-Seidel, Newton-Raphson and 
Fast Decoupled methodologies had been as contrasted for a 
vitality go and the stream assessment arrangement. Recreation 
is executed utilizing Mat lab for test occurrences of IEEE 
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nine-Bus, IEEE 30-Bus and IEEE 57-Bus framework. The 
reenactment results had been as thought about for amount of 
emphasis, computational time, resilience cost and assembly. 
The thought about results demonstrate that Newton Raphson is 
the most extreme solid technique because of the reality ithas 
minimal number of emphasis and combines faster. 
 

4. Result and Discussion: 
IEEE 14 bus system results 
MATPOWER Version 5.1, 20-Mar-2015 – AC Power Flow 
(Newton) 
Newton’s method power flow converged in 6 iterations. 
Converged in 0.02 seconds 

 
Table 1.System Summary 

 
System Specification for 14 Bus  
Buses 14 Total Gen Capacity 773.4 -52.0 to 148.0 
Generators 5 On-line Capacity 773.4 -52.0 to 148.0 
Committed Gens 5 Generation (actual) 485.4 -233.8 
Loads 11 Load 258.0 -811.5 
Fixed 11 Fixed 258.0 -811.5 
Dispatchable 0 Dispatchable -0.0 of -0.0 -0.0 
Shunts 1 Shunt (inj) -0.0 33.6 
Branches 20 Losses (I^2 * Z) 226.36 635.64 
Transformers 3 Branch Charging (inj) - 24.4 
Inter-ties 0 Total Inter-tie Flow 0.0 0.0 

 
Table 2. For Area 1 

 Minimum Maximum 
Voltage Magnitude 1.011 p.u. @ bus 3 1.939 p.u. @ bus 14 
Voltage Angle -52.26 deg   @ bus 14 0.00 deg   @ bus 1 
P Losses (I2R) - 82.55 MW    @ line 9-14 
Q Losses (I2X) - 175.57 MVAr  @ line 9-14 

 
Table 3.Bus Data 

Bus 
No. 

Voltage Generation Load 
Mag(pu) Ang(deg) P (MW) Q (MVAr) P (MW) Q (MVAr) 

1 1.061 0.000* 444.37 -39.78 - - 
2 1.046 -9.550 40.00 85.02 21.71 12.71 
3 1.010 -20.277 0.00 22.11 94.21 19.00 
4 1.023 -20.743 - - 47.81 -3.90 
5 1.011 -17.664 - - 7.61 1.61 
6 1.070 -30.095 0.00 -242.55 11.21 7.51 
7 1.185 -31.124 - - - - 
8 1.090 -31.124 0.00 -58.60 - - 
9 1.330 -35.401 - - 29.50 16.60 
10 1.277 -34.947 - - 9.00 5.80 
11 1.171 -33.014 - - 3.50 1.80 
12 1.156 -33.997 - - 6.10 1.60 
13 1.232 -38.582 - - 13.50 5.80 
14 1.929 -52.272 - - 14.90 -880.00 

 
Total:    484.36   -233.82    259.00   -811.50 
 

Table 4. Branch Data 
Branch From 

Bus 
To 
Bus 

From Bus Injection To Bus Injection Loss (I2 Z) 
P (MW) Q 

(MVAr) 
P (MW) Q 

(MVAr) 
P (MW) Q 

(MVAr) 
1 1 2 296.12 -47.15 -280.68 88.51 15.463 47.22 
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2 1 5 148.22 7.36 -137.62 31.18 10.616 43.83 

3 2 3 100.18 1.63 -95.88 11.97 4.327 18.24 
4 2 4 113.47 -14.60 -106.53 32.02 6.938 21.06 
5 2 5 285.31 -3.22 -81.53 11.16 3.798 11.59 
6 3 4 1.66 -8.89 -1.63 7.68 0.047 0.13 
7 4 5 -110.30 67.75 112.45 -61.00 2.139 6.75 
8 4 7 106.77 -59.72 -106.79 88.36 0.000 28.63 
9 4 9 63.87 -43.78 -63.87 73.73 0.000 29.94 
10 5 6 99.10 17.07 -99.11 4.60 0.000 21.68 
11 6 11 5.27 -56.21 -2.63 61.75 2.644 5.55 
12 6 12 13.12 -41.24 -11.11 45.43 2.011 4.19 
13 6 13 69.54 -157.22 -52.46 190.85 17.075 33.63 
14 7 8 -0.00 63.68 0.00 -58.61 -58.61 5.08 
15 7 9 106.77 -152.05 -106.79 179.11 0.000 27.07 
16 9 10 13.43 77.99 -12.28 -74.98 1.128 2.98 
17 9 14 127.73 -313.82 -45.17 489.38 82.537 175.57 
18 10 11 3.28 69.18 -0.89 -63.55 2.416 5.66 
19 12 13 5.00 -47.03 -1.31 50.38 3.696 3.35 

20 13 14 40.27 -247.00 30.29 390.64 70.543 143.64 
 
Total:   225.363    635.64225.3634 
 
The Best Location for SVC in the system is at Bus Number 13 
and 5 & for STATCOM it is at bus number 5 in IEEE-14  
BUS system.  
 
The value of SVC in Mvar corresponding to optimum position 
of SVC is 15 Mvar. 
 

Table 5. SVC values (Mvar) 
Reactive 
Power 
Ratings of 
SVC’s 

Power 
loss 
with 
3SVC 

Power loss with 
2SVC+1STATCOM 

5 13.2998 13.2998 
15 13.2896 13.2434 
25 13.3141 13.2217 
35 13.3178 13.1792 
45 13.3409 13.1562 
55 13.3831 13.1522 
65 13.3933 13.1162 
75 13.3933 13.07 
85 13.3933 13.0238 
95 13.3933 12.9776 
105 13.3933 12.9314 
115 13.3933 12.8853 
125 13.3933 12.8391 
135 13.3933 12.7929 
145 13.3933 12.7467 
155 13.3933 12.7005 
165 13.3933 12.6543 

175 13.3933 12.6081 
185 13.3933 12.562 
195 13.3933 12.5158 
205 13.3933 12.4696 
215 13.3933 12.4234 
225 13.3933 12.3772 
235 13.3933 12.331 
245 13.3933 12.2849 
255 13.3933 12.2387 
265 13.3933 12.1925 
275 13.3933 12.1463 
285 13.3933 12.1001 
295 13.3933 12.0539 

 
In this Fig 2 X-axis shows SVC score in MVar and Y-axis 
show the Minimum Real Power Losses.  Blue line suggest the 
exceptional- specific values of with triple SVC and green line 
shows the price of with two SVC & a STATCOM. Here we 
are able to see that when we are running with triple SVC 
strength losses are varying from thirteen.298 to thirteen.933 
and whilst we're working with  SVC and one STATCOM 
strength losses are various from 13.298 to twelve.0539. 
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Fig 2. Comparative plot for Power loss in 14 bus system 

 
 
5. Conclusion: 
This work investigates the application of a STATCOM and 
SVC to  help with the uninterrupted operation of a IEEE nine 
bus and 14 bus systems equipped with a STATCOM and 2 
SVC’s at some point of strength glide operations. These SVC 
devices are linked on the exceptional bus locations in which 
the wind STATCOM is hooked up to the power network at 
constant role to offer constant-kingdom power loss regulation 
and improve the fast-term brief balance. The SVC and 
STATCOM electricity score manage schemes are suitably 
apply and coordinated.In destiny we can apply PSO or Genetic 
algorithm for searching the great strength rating and bus place 
to decorate the searching pace for other massive IEEE bus 
structures. 
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