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ABSTRACT: A common application of a 

STATCOM is an exciter for induction 

generators (IG). The STATCOM can be 

physically controlled by controlling loops viz. ac 

voltage, dc voltage, ac current and ac reactive 

current all of which can be used as controllers. 

Here the physical control loops are embedded 

into the feedback path using a designed 

Controller Synthesis From a Pre-specified 

Feedback Framework synthetic algorithm. The 

key element that would govern the active and 

reactive currents are appropriate oscillations. A 

detailed description of the decoupling 

STATCOM has been given and it has been 

shown that it is effective in achieving regulated 

IG terminal voltage which is equivalent to 

improving the power quality. 

 

Key Words — a) Eigen structure assignment,  

b)Induction Generator (IG), c)Static 

Synchronous Compensator (STATCOM), d) 

voltage sourced inverter (VSI). 

 

 

1. INTRODUCTION 

With every passing day, the need for energy is 

increasing. There are several sources of energy 

which render energy in one form or the other. As 

far as electrical energy is concerned, fossil fuels 

have catered to the need for long. With the passage 

of time, it is aimed to reduce the dependence on 

fossil fuels. Fossil fuels don’t only create pollution 

but are getting depleted very quickly. Hence with 

each passing day, newer energy resources are being 

investigated. The major sources of energy that are 

renewable and are promising are wind energy, solar 

energy, geo thermal energy, tidal energy etc. Out of 

the aforesaid said list, solar energy has been tapped 

quite a bit but wind energy still waiting to be 

tapped optimally. Wind energy is found abundant 

in nature and there are no pollutants as in the case 

of conventional sources of energy. But the major 

drawback of wind power is its uncertainty because 

of dependency on Environmental factors. This 

should not be considered a problem since there is 

no fuel cost. As far as mechanical aspect is concern 

various methods are employed to minimize this 

uncertainty. Such methods involve redesigning of 

turbine blades, use of gear mechanisms etc. 

 

Wind Farms usually located far from cities or 

sometimes near seashore. It is therefore required for 

the generators employed for wind power generation 

to be robust and maintenance free. Conventional 

alternators cannot be used due to economy and 

higher maintenance requirements. Instead special 

type of Alternators such as Induction Generators 

(IGs) or Permanent Magnet Synchronous 

Generators (PMSGs) are used. But these alternators 

have other issues and most primary of them is there 

dependency for reactive power. IG depends on 

either grid or on the capacitor bank connected 

across its terminals for reactive power requirements 

while PMSG depends on permanent magnet or 

residual magnetism. Unlike conventional 

alternators their reactive power need cannot be 

varied according to load.  

 

IGs have inherently poor voltage regulation. This 

reflects from the fact that on application of load 

there is steep drop in voltage at alternator terminals. 

Out of various techniques proposed to resolve this 

issue the most effective one is Flexible AC 

Transmission System (FACTS) based Technology. 

These technologies involve the use of power 

electronic devices and passive elements to control 

the flow of power in the network.  
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The objective of this paper is to design a mode 

decoupling controller for SEIG and to simulate the 

same on MATLAB so that its performance can be 

evaluated under load addition and load removal 

conditions. 

The latter of the paper is arranged in the following 

manner Section II depicts basic scheme while 

Section III describes mathematical modeling 

equations for SEIG and STATCOM. In which Part 

A is for SEIG model, Part B for STATCOM model. 

Part B (1) depicts derivation of active and reactive 

power. While in Part B (2) Basic control scheme 

gets developed that involves active and reactive 

current control. Part C is about designing of Mode 

decoupling Controller using the basic Control 

Scheme. Section IV shows Block Diagram of the 

proposed scheme. Section V is MATLAB 

Simulation of the proposed Model. Section VI is 

Results obtained from MATLAB and Section VII is 

conclusion drawn from those results and Finally, 

Appendix and various references studied for the 

above paper. 

 

2. BASIC MODEL  

  

SLD for SEIG-STATCOM based system 

shows SEIG, STATCOM, local Load and Grid 

Connected through a single bus. The reactive power 

required by the IG is usually supplied by fixed 

capacitor bank connected across its terminals under 

steady state conditions. To maintain constant 

voltage profile at Bus under disturbances such as 

load addition or sudden load removal Transformer 

coupled mode decoupling STATCOM is connected 

at PCC which provides necessary reactive power or 

absorbs the same in order to do so. Since the 

capacitor link is lossless it draws little active power 

theoretically to overcome switching losses of VSC. 

 

 

 
 

Fig. 1: Basic Scheme of SEIG-STATCOM based 

System for effective Voltage Regulation 

 

3. MATHEMATICAL MODELING SEIG 

MODEL: 

The per unit flux linkages depicting stator 

and rotor respectively for induction generator given 

in d-q axes is shown as: Here, synchronous frame 

of reference is adopted. 

 

          

 

 

 

 

 

 

 

 

 

Expression for Electromechanical Torque can be 

described in terms of flux linkages in per unit 

system as follow: 

 

 

 

Where symbols have usual meaning already 

mentioned earlier. The latter equation is 

corresponding torque balance equation. 

 

 

STATCOM Model: 

1) Derivation of active and reactive power: The 

instantaneous power through coupling path 

representing 

active and reactive respectively: 

 

Here, if d axis is allowed to coincide with load bus 

terminal voltage then above expressions get 

reduced to 

𝑃𝑒 = 𝑣𝑑𝐿 𝑖𝑑𝑒          (9) 

 

𝑄𝑒 = −𝑣𝑑𝐿 𝑖𝑞𝑒                                                        

(10) 

 

From above expression (9) and (10) it is clear that 

d-axis current component governs active power 

while q-axis current component governs reactive 

power. Therefore, a STATCOM design is 

simplified to great extent using synchronous frame 

of reference. Since reactive power control is only 

dependent on q-axis current. 

The STATCOM in per unit representation can be 

described by the following equations: 

 

𝜑𝑞𝑠 = 𝜔𝑠 𝑣𝑞𝐿 + 𝑟𝑠𝑖𝑞𝑠 + 𝜔𝑠 .𝜑𝑑𝑠   (1) 

  

𝜑𝑞𝑠 = 𝜔𝑠 𝑣𝑞𝐿 + 𝑟𝑠𝑖𝑞𝑠 − 𝜔𝑠 .𝜑𝑑𝑠   (2) 

               

𝜑𝑑𝑟 = 𝜔𝑠 𝑣𝑑𝑟 − 𝑟𝑟 𝑖𝑑𝑟  + (𝜔𝑠 − 𝜔𝑟).𝜑𝑞𝑟  (3) 

 

𝜑𝑞𝑟 = 𝜔𝑠 𝑣𝑞𝑟 − 𝑟𝑟 𝑖𝑞𝑟  − (𝜔𝑠 −𝜔𝑟).𝜑𝑑𝑟  (4) 

𝜏𝑒𝑚 = 𝜑𝑑𝑠 𝑖𝑞𝑠 − 𝜑𝑞𝑠 𝑖𝑑𝑠     (5) 

𝜔𝑟
𝑢 =

1

2𝐻𝑇

 
(𝜏𝑚 − 𝜏𝑒𝑚 − 𝐷𝑇𝜔𝑟

𝑢)    (6) 

𝑃𝑒 = 𝑣𝑑𝐿 𝑖𝑑𝑒 + 𝑣𝑞𝐿 𝑖𝑞𝑒    (7) 

 

𝑄𝑒 = 𝑣𝑞𝐿 𝑖𝑑𝑒 + 𝑣𝑑𝐿 𝑖𝑞𝑒    (8) 
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𝑖𝑑𝑒 = 
𝜔𝑠𝑟𝑓

𝑥𝑓
𝑖𝑑𝑒 + 𝜔𝑠𝑖𝑞𝑒 +

𝜔𝑠

𝑥𝑓
(𝑣𝑑𝐿 − 𝑒𝑑) (11) 

 

𝑖𝑞𝑒 = 
𝜔𝑠𝑟𝑓

𝑥𝑓
𝑖𝑞𝑒 − 𝜔𝑠𝑖𝑑𝑒 +

𝜔𝑠

𝑥𝑓
(𝑣𝑞𝐿 − 𝑒𝑞) (12) 

 

𝑣𝑑𝑐 = 
1

𝑐𝑑𝑐
(𝑖𝑑𝑐 −

𝑣𝑑𝑐

𝑟𝑑𝑐
)   (13) 

The power balance expression for both sides of 

voltage source converter can be written as: 

 

𝑣𝑑𝑐 𝑖𝑑𝑐 = 𝑒𝑑 𝑖𝑑𝑒 + 𝑒𝑞 𝑖𝑞𝑒    (13a) 

 

2) Basic Control scheme using active and reactive 

currents: The STATCOM equations (11) and (12) 

for active and reactive current can be modified to 

get decoupled like structure. 

 

𝑖𝑑𝑒 = 
𝜔𝑠𝑟𝑓

𝑥𝑓
𝑖𝑑𝑒 + 𝑥𝑑    (14) 

 

𝑖𝑞𝑒 = −
𝜔𝑠𝑟𝑓

𝑥𝑓
𝑖𝑞𝑒 + 𝑥𝑞    (15) 

 

𝑥𝑑 = 𝜔𝑠𝑖𝑞𝑒 +
𝜔𝑠

𝑥𝑓
(𝑣𝑑𝐿 − 𝑒𝑑)  (16) 

 

𝑥𝑞 = −𝜔𝑠𝑖𝑑𝑒 −
𝜔𝑠

𝑥𝑓
𝑒𝑑    (17) 

The above equations (17) and (18) are collection of 

cross coupling terms. They are also called as 

control actions. Equation (15) shows that transient 

increase in xd results an increase in active 

component of current. Similar will be the case with 

Eq. (16) in which reactive current component 

increases due to transient increase in xq. 

 

𝑥𝑑 =  𝐾𝑝1 +
𝐾𝑖1

𝑠
 . (𝑖𝑑𝑒

∗ − 𝑖𝑑𝑒 )  (18) 

 

𝑥𝑞 =  𝐾𝑝2 +
𝐾𝑖2

𝑠
 . (𝑖𝑞𝑒

∗ − 𝑖𝑞𝑒 )  (19) 

Expressions in (19) and (20) were derived from the 

above principles and they represent a PI Controller 

Equation having proportional and integral gain 

terms respectively. After determining these values 

equation (17) and (18) can be rearranged like this: 

 

𝑒𝑑
∗ = 𝑋𝑓 𝑖𝑞𝑒 − 𝑥𝑑 + 𝑣𝑑𝑠    (20) 

 

𝑒𝑞
∗ = 𝑋𝑓 𝑖𝑑𝑒 − 𝑥𝑞     (21) 

 

Base on above expressions the basic control 

structure can be designed. In this output voltage 

command can be rebuilt using above and apart from 

(9) and (10) which tells about active and reactive 

power control through active and reactive current 

components, PI can be used directly for DC 

Voltage regulation with Dc link voltage as input. 

 
Fig. 2: Basic Structure of STATCOM control for 

effective Voltage regulation 

 

Mode Decoupling STATCOM Controller: Basic 

structure derived above can be modified further to 

get mode decoupling STATCOM Control but for 

that expressions needs to be linearized which is 

possible through State space model: 

 

∆𝑥 = 𝐴.∆𝑥 + 𝐵.∆𝑢   (22) 

∆𝑦 = 𝐶.∆𝑥    (23) 

 

In order to design a mode decoupling STATCOM 

six new State variables,∫ Δvdl dt , ∫ Δvdc dt, ∫ Δide dt, 

∫ Δiqe dt, ∬ Δvdl dt, ∬ Δvdc dt are taken into 

consideration so the new State Space model: 

 
 

Fig.3: MATLAB Simulink Model for SEIG 

without Statcom under load varying conditions 
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∆𝑥𝑎 = 𝐴𝑎 .∆𝑥𝑎 + 𝐵𝑎 .∆𝑢   (24) 

∆𝑦𝑎 = 𝐶𝑎 .∆𝑥𝑎     (25) 

 

Terms in Eq. (25) and Eq. (26) can further be 

expressed 

 

∆𝑥𝑎 =  ∆𝑥𝑇      ∆𝑥𝑒
𝑇    (26) 

∆𝑦𝑎 =  ∆𝑦𝑇      ∆𝑥𝑒
𝑇    (27) 

∆𝑢 = 𝐾0∆𝑦𝑎     (28) 

 

Physical Structure of mode decoupled STATCOM 

can be derived by considering above expressions. It 

is similar to the basic structure being derived 

earlier. The new structure has feed forward loops, 

also the cross coupling gain Xf from fig.2 were 

replaced by Pd and Pq respectively. 

From Eq. (30) and Eq. (31) it is found that there is a 

mismatch at the entries K12and K21. To troubleshoot 

this problem in the designing part feedforward 

gains were included in the expression for Δu. By 

letting K12 = Kp1.Kp3+Fdand K12 = Kp2. Kp4 + Fq. 

Mode Decoupled STATCOM Controller can be 

classified into various types depending upon its 

control structure and design as follows: 

Fig 5 describes Block Diagram representation of 

proposed scheme. This is basically a closed loop 

system in which STATCOM Voltages and currents 

are sensed along with the DC Voltage across the 

capacitor connected to VSC.As seen from fig, park 

transformation is used to get d-q axis components 

of currents and voltages which are required by 

Mode Decouple Controller in order to produce 

reference components of Voltages (𝑒𝑑
∗  , 𝑒𝑞

∗  ), Again 

these components were used for Modulation index 

and angle calculations in Eq. (31) and (32). 

 

𝑚𝑡 =
 𝑒𝑑

∗+𝑒𝑞
∗2

2𝑣𝑑𝑐
    (29) 

𝛼 = tan−1  
𝑒𝑞
∗

𝑒𝑑
∗     (30) 

 

 

 
 

Fig. 4: MATLAB Simulink Model of SEIG-

STATCOM for effective Voltage Regulation under 

Load Variation 

 

 

 

 

 

 

∆𝑥 =  ∆𝑉𝑑𝐿      ∆𝑉𝑞𝐿      ∆𝑉𝑑𝑐      ∆𝑖𝑑𝑒      ∆𝑖𝑞𝑒      ∆𝜔𝑟
𝑢      ∆∅𝑞𝑠      ∆∅𝑞𝑟      ∆∅𝑑𝑠      ∆∅𝑑𝑟      ∆𝑖𝑑𝑇𝐿      ∆𝑖𝑑𝑇𝐿      ∆𝑖𝑑𝐿      ∆𝑖𝑞𝐿     

∆𝑢 =  ∆𝑒𝑑      ∆𝑒𝑞   T 

 

∆𝑦 =  ∆𝑉𝑑𝐿      ∆𝑉𝑑𝑐      ∆𝑖𝑑𝑒      ∆𝑖𝑞𝑒    

 

𝐾𝑜 =  
0 𝐾𝑝1𝐾𝑝3 𝐾𝑝1

𝐾𝑝2𝐾𝑝4 0 −𝑃𝑞

𝑃𝑑 0 𝐾𝑝1𝐾𝑖3 + 𝐾𝑝3𝐾𝑖1

   𝐾𝑝2 𝐾𝑝2𝐾𝑖4 + 𝐾𝑝4𝐾𝑖2 0
    𝐾𝑖1 0 0

   0 𝐾𝑖2 𝐾𝑖2𝐾𝑖4
   
𝐾𝑖1𝐾𝑖3

0
   

∆𝑉𝑑𝐿    ∆𝑉𝑑𝑐        ∆𝑖𝑑𝑒       ∆𝑖𝑞𝑒       ∆𝑖𝑑𝑒 𝑑𝑡        ∆𝑖𝑞𝑒 𝑑𝑡       ∆𝑉𝑑𝐿 𝑑𝑡      ∆𝑉𝑑𝑒 𝑑𝑡      ∬∆𝑉𝑑𝐿 𝑑𝑡       ∬∆𝑉𝑑𝑒 𝑑       

                                                                                                           (31) 

 

∆𝑢 =  
0
𝐾21

  
𝐾12

0
   
𝐾31

𝐾23
   
𝐾41

𝐾24
   

0
𝐾25

   
𝐾16  

0
 
𝐾17

0
   

0
𝐾28

   
0
𝐾29

   
𝐾1,10  

𝐾21
 .∆𝑦𝑎          (32)

 

5. RESULTS 

In Fig. 6(a) to 7(b), the results for different Mode 

decouple STATCOM Controller is presented. First 

waveform denotes Local Load Voltage while 

Second waveform represents Voltage across 

capacitor connected to VSC. Remaining waveforms  

 

represent deviation in d-q axis component of 

currents. Last waveform is a plot between speed 

and modulation index. 

 



IJournals: International Journal of Software & Hardware Research in Engineering 

                                                                                                                         ISSN-2347-4890 

Volume 5 Issue October, 2017 

 © 2017, IJournals All Rights Reserved                                                                      www.ijournals.in 
 

Page 12 

Fig. 6(a) and Fig. 6(b) depict the effect of load 

addition on the proposed system without and with 

mode decoupling STATCOM Controller 

respectively. 

 

Fig. 6 (a): Simulink Result for System response 

on increase in load demand without STATCOM 

controller

 

Fig. 6 (b): Simulink Result for System response 

on increase in load demand with STATCOM 

Controller 

Fig. 7(a) and Fig. 7(b) shows the effect of sudden 

load removal on the proposed system without and 

with mode decoupling controller respectively 

 

Fig. 7 (a): Simulink Result for System response 

on sudden load removal without STATCOM 

controller 

 

Fig. 7 (b): Simulink Result for System response 

on sudden load removal with STATCOM 

controller 

6. CONCLUSION 

This paper mainly focuses on the design and 

implementation of Decoupling STATCOM in SEIG 

Power Systems. It is a well known fact that for a 

normal STATCOM, improvement in active power 

profile affects reactive power profile adversely and 

vice versa. The Decoupling STATCOM overcomes 

this drawback. The designed system is tested 

simulated for on load and abrupt load removal 

conditions.  The salient features of the designed 

model are it usage of state space model and 

inclusion of six new state variables,∫ Δvdl dt , ∫ Δvdc 

dt, ∫ Δide dt, ∫ Δiqe dt, ∬ Δvdl dt, ∬ Δvdc dt which 

ensure zero steady state error regulation and 

improved transient response. By dint of the 

aforesaid techniques, decouple like control of active 

and reactive powers are achievable. All the results 

are arrived at after simulation of the designed 

system on MATLAB. 

7. APPENDIX 

Inference from Eq. (30) and Eq. (31) can be 

formulated in the following manner: 

Kp1=K13, Ki1=K17 

Kp2=K24, Ki2=K28 

Pd=K14, Pq= -K23 

𝐾𝑝3 =
(𝐾16 − 𝐾𝑝1𝐾𝑖3)

𝐾𝑖1
, 𝐾𝑝4 =

(𝐾25 − 𝐾25𝐾𝑖4)

𝐾𝑖2
 

𝐾𝑖3 =
𝐾1,10

𝐾𝑖1
,𝐾𝑖4 =

𝐾29

𝐾𝑖2
  

𝐹𝑑 = 𝐾12 − 𝐾𝑝1,𝐹𝑞 = 𝐾12 − 𝐾𝑝2𝐾4 
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