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Abstract: The tremendous expansion of linked power systems as a result of rising electrical energy consumption has created a 
slew of problems. FACTS (Flexible Alternating Current Transmission System) controllers become crucial in these situations. 
This paper investigates the transient stability enhancement of IEEE 9 bus system using STATCOM. The damping power 
oscillations and power swings and setting time is observed with and without STATCOM. 
Keywords: PI controller Power, D-Q theory. Reactive and Active Power STACOM 
 

I. INTRODUCTION 
Static synchronous compensators is one of the most significant tool for energy flow regulation & power quality, allowing a function 
to be used without sacrificing performance expectations. Transformers, motors, computers, printers, communication equipment, and 
many forms of domestic machinery are examples of equipment. These mentioned equipment’s had a negative impact on power 
quality [1]. Even though the voltage magnitude of the bus voltages are necessary maintain within the prescribed limits, reactive 
power cannot be transported when there is a big load in the network [2]. Voltage instability might cause the network to go down 
completely or partially. STATCOM does have the benefit of being able to efficiently regulate & inserted current into the bus [3]. 
STATCOM is also used for voltage sag/swell compensation, suppressing harmonics of line currents and improving load power 
factor, and reactive power modification in transmission lines and in the load, where STATCOM also mitigates bus voltage level [4, 
5]. Adjusting the inserted voltage magnitude and phase angle using "Voltage Source Converter" for managing the powers "active 
and reactive" of Static synchronous compensators [6] is suggested for STATCOM that stores energy. In the literature, many 
different approaches to implementing voltage profile augmentation have been proposed. In [7], the voltage profile is improved 
by employing a PI controller. [8] shows where STATCOM should be placed to improve voltage profile. Use of SVC to enhance the 
voltage profile is discussed in [9.]. The necessity to change each working point, a poor reaction time, and a lack of smoothness are 
all downsides of using a PI controller. The use of static VAR compensator has passive characteristics that influence system tune and 
cause oscillation in response. The application of d-q theory to estimate reactive power and bus voltage for STATCOM 
compensation. 
 

II. COMPENSATION AND REGULATION OF VOLTAGE 
Figure 1 presents the shunt device connections for bus voltage control. The model includes a power transmission line, a supply 
voltage, & load, with the injection in the middle. The line current angle is related to the load side, implying that the active 
component of current (IC) is injected to enhance line current and then load voltage, according to the phasor diagram. By injecting or 
absorbing current (IC) into or out of the network, the current source device accommodates the load reactive component. As a result, 
voltage regulation was enhanced, and the source current's reactive component was decreased. For effective operation, the inductive 
load requires enough reactive current, thus It should be fed from the source, which will boost the line current from the region. as 
shown in figure 2. If reactive power is fed close to the supply current & the load area can be lowered, which improves voltage at the 
load side[10]. The regulation can be improved using one of three methods: a bank of capacitors, a VSI (voltage source inverter), or a 
CSI (current source inverter) [11]. In the event of a severe abnormal condition in which the bus voltage deviates from the 
compensator's typical range, the STATCOM provides voltage to support the system [12]. The primary benefit of using a voltage source 
converter VSC is that reactive power can be created independently of line current (thus eliminating the need for capacitors) [13]. As 
shown in Figure 3[15], the STATCOM is connected before the load in the distribution system. 
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Fig 1. Shunt compensation principles Fig 2. STATCOM's V-Q characteristics 

 
 
 

 
 

Fig 3. STATCOM Connection 
 

III.BASIC STRUCTURE OF PI-BASED STATCOM 
PI controller input is from bus 8 and output is bus 9, these are also named as Vabcs, Iabcs, and Vabcr, Iabcr capacitor value is also 
given to the input is label as Vdc and Vqref* for a constant value. The transmission line parameters flow incessantly from the sending 
end to the receiving end under stable working conditions. The Measurements block keeps track of the transmission parameters and 
reports them to the proportional integral controller on a regular basis In this controller block, the measurement block's T-L 
parameters are compared to the nominal rated values. If the difference between these values is zero, the setting block will not generate 
a pulse signal and the Converter section will not receive one. The proportional integral controller will raise an error if the data sent 
by the measurement block differs from the nominal rating values included in this process. The setting block sends a signal to the 
proportional integral controller block on a regular basis during this problem circumstance. This is given to converters, one of which 
is a shunt compensation converter. Until and unless the Measurement block parameters and the specified nominal rated values in the 
Measurement block are changed. This is supplied to the converters, one of which is a shunt compensation converter. The 
proportional integral controller allows pulses from the settings block until and unless the Measurement block parameters and the 
predefined nominal rating values in the control block agree. The proportional integral controller stops the pulse from the settings 
block to the shunt converters compensation after these values are matched. 
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Fig4: proportional integral controller 
 

IV. TRANSIENT STABILITY ENHANCEMENT WITH FACTS 
Figures 5 to 15 show the rotor behavior in MATLAB/SIMULINK for three synchronous generators: 1, 2, and 3 Figures 8 to 10 
demonstrate how the Rotor angles increase and go out of synchronism with and without the FACTS devices. When the dynamic 
model with FACTS is simulated, the responses start to decrease. In general, the three FACTS minimize the rotor angle acceleration 
for the three generators. The rotor angle of generator 1 lowers the most for many of the devices, followed by the angle of generator 
3, and the least decreasing rotor angle is that of generator 2. The damping characteristics of the FACTS devices connected cause the 
decline. With STATCOM, the drop is more pronounced. 
 

V. INTERPRETATION AND OUTCOME 
The Single-line Ground, & Three-Line-Ground faults are evaluated in the multi-machine power shown in Figure 5. The 
performance of the system with and without gratification is also examined. Figures 4 to 15 depict the system's performance when 
faults occurred between buses 8 and 9 at 0.5 seconds and were rectified at 0.6 seconds. The system was tested in two scenarios: first, 
for an uncompensated system, and subsequently for a system that used STATCOM. The technology was tested in two scenarios: 
uncompensated and compensated by STATCOM. To evaluate and assess the effectiveness of the proposed controller, two types of 
faults are applied to the supplied system in this study. 

 
Fig 5: Nine bus system with STATCOM 
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A. Case: 1 Single-Line Fault 
Figure 6 depicts the time response of line voltage for both the structure with & without STATCOM. LG issue affects more than one 
line; it also affects two other lines. After adjustment, the device voltage improves to 0.8 volts, and the voltage of the other two lines 
improves as well. In the lack of compensation, the findings plainly show that the system is not well damped (5sec). When the 
STATCOM controller is utilized, oscillations are damped out after 0.62sec, indicating that the oscillations are mitigated after the 
disturbance is cleared. The time response of load angle is depicted in Figures 10, 11, and 12. Fig convincingly shows that when no 
compensation is incorporated in the system, the system is unstable and oscillation occurs continually at first, even after STATCOM is 
installed power oscillation damping is less by observing waveform & Table 1 below. Peak overshoot is also decreased when the 
system is equipped with a STATCOM module. 

Without STATCOM 

 
With STATCOM 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 6. Voltage versus Time 
 

Without STATCOM 
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With STATCOM 

Fig 7: line power versus Time 
 

Without STATCOM 

 
With STATCOM 

Fig 8: Load angle 1 versus Time  
 

Without STATCOM 
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With STATCOM 

 
Fig 9: Load angle 1 versus Time  

 
Without STATCOM 

 
With STATCOM 

 
Fig 10: Load angle 1 versus Time Table 1 

 
 
 
 
 
 
 
B. Case:2 Three-Line to Ground Fault 
The LLLG fault for line voltage vs. time is shown in Figure 11. After the compensation device voltage level is improved by 0.5volts 
in the LLL-G fault situation, all three line voltages are zero for a time period of 0.5 to 0.6sec. The bus voltage vs. time without 
STATCOM power osculation dampening is 5 seconds, as shown in Fig 12. The power osculation damping is reduced by up to 1 
second when the compensation device is installed. Fig 13,14,15 shows that load angle w.r.t time G1 is far away from the fault so the 
number of power osculation damping is less & G2, G3 is near to fault number of power oscillation damping is more compared to G1. It 
is well damped out when the compensation device is fitted in between bus no.0.8 and bus no.9, as indicated in table 2 below. 

L-G Fault With out STATCOM 
(sec) 

With STATCOM 
(sec) 

Generator 1 5 0.64 
Generator 2 5 0.63 
Generator 3 5 0.65 
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Without STATCOM 

 
With STATCOM 

 
Fig 11: Voltage versus Time 

 
Without STATCOM 

 
With STATCOM 

 
Fig 12: Line power versus Time  
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Without STATCOM 

 
 
 
 
 
 
 
 
 

With STATCOM 
 
 
 
 
 
 

Fig 13: Load angle 1 versus Time  
 

Without STATCOM 

 
With STATCOM 

Fig 14: Load angle 2 versus Time 
 

 
Without STATCOM 
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With STATCOM 
 

Fig 15: Load angle 3 versus Time Table 2 
 
 
 
 
 
 
 
 

VI. CONCLUSION 
This study investigated the impact of a STATCOM on the settling time of power oscillations and the transient peaks of line voltage, 
bus voltages, and rotor angle after disturbances. The recommended controller is investigated or tested for two forms of disturbances 
when applied to a multi-machine system: L-G and LLL-G fault. A 3-phase fault is more effective than an L-G fault, and a 3-phase 
fault is more severe than other faults, it has been observed. It may also be demonstrated that after the occurrence of a defect, all 
parameters' settling times and transient peaks are reduced. Hence, this proposed controller is used to improves the stability of the 
system under different fault conditions. 
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LLL-G Fault Without STATCOM 
(sec) 

With STATCOM 
(sec) 

Generator 1 5 0.63 
Generator 2 5 0.61 
Generator 3 5 0.615 



 


