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Abstract: Static synchronous compensator (STATCOM) is used in power system for better voltage control. The control 
should be possible using closed loop as well as open loop control. The closed loop control keeps precise voltage on the 
system during load variations. The Proportionate integrate derivative (PID) regulator used in closed loop is very significant 
for better control. The PID performance depends on its tuning parameters. This paper presents the PID parameters tuning 
using pole placement and fuzzy method .The transient and steady state response of PID is compared with these two methods. 
Similarly the STATCOM analysis in open loop using load flow and its control of voltage on the system is also present in this 
paper. Some times open loop control prefers to closed loop due to frequent load changes, unbalanced loads, time lag, fault 
constraints, etc. 
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I. INTRODUCTION 
 
The tuning of the PID parameters KP (proportionate), 
KD (derivative) and KI(integrate) using fuzzy logic is 
more superior compared to pole placement or other 
types of methods. The transient response mainly 
depends on KP and KD.The steady state response 
depends on the parameter KI. The response of the 
PID determines the accuracy and speed of the control. 
In open loop method voltage will be controlled 
without precise reference point. In a grid system 
STATCOM generally connected near to the bus, 
where the high inductive loads connected to it and the 
voltage level of it is low. 
 
For a large grid network load flow with STATCOM 
indicates the better bus voltage levels. Besides load 
flow there are different algorithms like particle 
swarm optimization to enhance the better location of 
compensator for voltage improvement as well as for 
transient stability improvement. 
 
II. CLOSED LOOP PID CONTROL 
 
2.1 PID TUNING WITH POLE PLACEMENT:- 
Let pole P1 = -a +bi    (1) 
KP + [KI] /(-a+bi) + KD(-a+bi) = -1/G11(P1) (2) 
KI= [a2+b2]/(2a) KP – (a2+b2) x1    (3) 
KD = 1/(2a) KP + x2      (4) 
x1= 1/2b im[-1/G11(P1)] + 1/2a Re [-1/G11(P1)] (5) 
x2= 1/2b im [-1/G11(P1)] - 1/2a Re [-1/G11(P1)] (6) 
From the above equation KP is initially fixed and KI 
and KD are found [1] by using the equation 3 & 4 
The PID transfer function 
C(S) = [KP +Ki /S + KdS]/ (1+TS)   (7) 
transportation lag T = 30 msec. Before pole 
placement taking tuning parameters KP=0.1, 
Ki =0.1 and Kd =0.1 
The C(S) = [ 0.1S2+0.1S+0.1]/[0.03S2+S]  (8) 
the transfer function is 

 
G11(S) = 0.0067x106 (S + 13.26) 
-----------------------------   (9) 
(S+13.26)2 + (314)2 
C(S) and G11(S) are connected cascade in closed 
loop feed back control [2] for STATCOM as shown 
in fig.1 
 

 
Fig 1 STATCOM closed loop control 

 
By placing pole at 
S= -10+377i 
The C(S) = 
[0.0051S2+0.1S+721.95]/[0.03S2+S]  (10) 
the transfer function is 
G11(S) = 0.0067x106 (S + 13.26) 
-----------------------------    (11) 
(S+10)2 + (377)2 
 

 
Fig 1 PID step response circuit with pole placement 
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Fig2 Step response before pole placement 

 

 
Fig 3. Step response after pole placement 

 
In figure 3 output shows the peak undershoot is -0.95, 
settling time is around 50 seconds. The damping 
factor ζ= 0.016. 
In figure 4 Output shows the peak undershoot is -
0.97, settling time is around 0.01 seconds. The 
damping factor ζ= 0.01. 
 
2.2 PID TUNING WITH FUZZY LOGIC:- 
By controlling the tuning parameters KP and Kd with 
fuzzy rule viewer[3] the step response is shown in 
fig.6. Fuzzy tuning gives better response compared to 
the pole placement method [4]. 
 

 
Fig 5 PID tuning with fuzzy control 

 
Fig 6 Step response with fuzzy control 

 
III. STATCOM IN OPEN LOOP CONTROL 
 
Some times instead of closed loop control, open loop 
control is preferred due to simplicity and time 
constraints. 
 
3.1 LOAD FLOW WITH STATCOM :- 
 
A seven bus system is taken as case study for load 
flow analysis with STATCOM. The STATCOM is 
preferred to connect at bus no.4 as shown in fig 7. 
 

 
Fig. 7 Seven bus system for load flow 
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The load flow analysis is slightly modified with 
connection of the STATCOM at bus number 4. 
 

 
Fig 8. STATCOM equivalent circuit 

 
The input data’s of 7 buses are given as shown in 
table 2. 

 
In fig .8 STATCOM is treated as another bus node 
for load flow. The given Zik = 0.02+j 0.4 
The power flow equations are given as  [5] 
V* I = P-jQ     (12) 
Gik = yik cosθik     (13) 
Bik= yik sin(-θik)    (14) 
Pi =Vi 
2 Gik - Vi Vk(Gikcos(δi- δk)+ Biksin(δi- δk)) 
= Vi Vk sin(δi- δk)/ Zik    (15) 
Qi= -Vi 
2Bik - Vi Vk(Giksin(δi- δk)- Bikcos(δi- δk)) 
= Vi(Vi- Vk cos(δi- δk))/ Zik   (16) 
In a similar manner Pk and Qk are also calculated by 
interchanging i and k nodes in the equations 14 and 
15 

Using the STATCOM state model as per equation 
number .16 the voltages and angles are found in every 
iteration [5] 
 

 
     (17) 

After sufficient number of iterations the voltages and 
angles are obtained as shown in table .3 and table .4 
without and with STATCOM respectively. 
The Pk and Qk are calculated using the equations 
Pk =Vk 
2 Gki – VkVi(Gkicos(δk- δi)+ Bkisin(δk- δi)) 
= VkVi sin(δk- δi )/ Zki    (18) 
Qk= -Vk 
2Bik – VkVi(Gkisin(δk- δi)- Bkicos(δk- δi)) 
= Vk(Vk- Vi cos(δk- δi))/ Zki   (19) 
 
After few iterations the voltage at bus number 4 with 
STATCOM is almost maintained at its maximum 
constant level. After the iterations STATCOM still 
injects the reactive power to the bus number 4. 
 

 
 
As shown in fig.7 the STATCOM is considering as a 
bus node for load flow. The voltages and angles are 
given in the Table 4. 
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The real power and reactive power flow is found by 
using the equations no. 22 and no.23 respectively. 
Slack bus real power is the summation of all the real 
power flow of the lines that are connected to the slack 
bus. Similarly slack bus reactive power is the 
summation of all the reactive power flow of the lines 
that are connected to the slack bus. 
The power flow from ith to kth bus is Gik = yik 
cosθik      (20) 
Bik= yik sin(θik)     (21) 
Pi =Vi 
2 Gik - Vi Vk(Gikcos(δi- δk)- Biksin(δi- δk)) (22) 
Qi= Vi 
2Bik - ViVk(Giksin(δi- δk)+ Bikcos(δi- δk)) –Vi 2Bii 
(23) 
Bii is present due to any ground capacitance 
connected at ith bus. 
The power flow results with and without STATCOM 
is shown in the table .5 
 

 

Without STATCOM the slack real power=4.22pu and 
Slack reactive Power =1.562pu. 
 
with STATCOM the slack real power=5.8pu and 
Slack reactive power =2.392pu power handling 
capacity is enhanced with STATCOM ,that is 
observed in table 5 
 
3.2 STATCOM IN OPEN LOOP WITH THE 
SYSTEM:- 
 

 
Fig9. 1-phase STATCOM connected to the system 

 
The above fig.9 shows the STATCOM is connected 
to phase A for voltage improvement [6]. The input 
source has the voltage of 25kv line. Due to high 
inductive load the output voltage of phase A without 
STATCOM is shown in fig 10. 
 

 
Fig10. output phase voltage without STATCOM 

 
After connecting STATCOM the output phase 
voltage improved as shown in fig 11 
 

 
Fig11. output phase voltage with STATCOM 
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The real and reactive power flow between 
STATCOM and system is shown in fig.12 
 

 
Fig 12. Power transfer between system and STATCOM 

 
CONCLUSION 
 
Due to high inductive loads the voltage dips occur in 
the system very frequently. Sometimes voltage 
collapse also may happen due to these loads 
especially in metros. The advanced compensators like 
STATCOM are the best solution to avoid the voltage 
collapse.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The results of this paper show the improvement of the 
voltage by STATCOM with load flow and the precise 
control using closed loop with best PID tuning 
method for obtaining accuracy and fast response in 
the output. 
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