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Abstract: Logic control of Static Excitation System (SES) in 
Power Alternators deals with the use of PLC to control the 
terminal output voltage of the Alternator in a more simplified and 
efficient manner using a closed loop system. A closed loop control 
with negative feedback is designed, which involves AVR, Pulse 
Generator, Pulse Amplifier, Limiters, Power System Stabilizers 
with an Auto and a Manual channel. Disruption in the terminal 
voltage is caused by faults. These faults were rectified earlier by 
Electro Mechanical relays. Now we are at a major technological 
Change of Analog to Digital control. It reduces the complexity of 
the control system, and eliminates the need of wide range of 
contactors and coils to energies the relay. The best way to 
maintain the stability of the system is to identify the need and 
rectify it. This paper proposes an easy and an efficient design for 
fault detection and elimination using PLC based excitation system 
in power alternators. 
 

Index Terms: Static Excitation Systems (SES), Static 
Excitation Equipment (SEE), Power Alternators, Programmable 
Logic Controller (PLC), Faults 

I. INTRODUCTION 

  The existing system for control of excitation system 
consists of large number of contactors and coils for simple 
operation. Relay is only used as switch which is used to 
control high voltage device using low voltage signal and 
relay cannot be programmed. While PLC is Programmable 
Logic Controller having counter, timer, Input/Output, which 
can be programmed according to user requirement and hence 
interfaced device is controlled accordingly [1]. The 
advantages of PLC over electro mechanical relays are ability 
to interface / communicate with computers, simple 
programming, high reliability, easy maintenance, rugged 
construction, operate in extremely harsh conditions, small 
size and easy expandability.  
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II. STATIC EXCITATION SYSTEM 

Static excitation system is a direct type of excitation 
system, where a thyristor panel which primarily uses SCR’s 
does the rectification. The voltage from the alternator output 
is stepped down and fed to the excitation transformer. In the 
excitation transformer the voltage is further stepped down 
from 3.3KV to 380 V. This voltage is supplied to the SCR 
bridge. During initial startup of the alternator voltage to the 
excitation transformer is supplied from battery backup [2-3]. 

The output from the SCR is controlled by the firing angle 
applied to the gate of the SCR. This firing angle is determined 
by various components in the control unit of static excitation 
system. There are two channels one auto channel and one 
manual channel (50 MW alternators) which form a negative 
feedback system and determine the firing angle respectively. 

 
Fig. 1. SEE Block Diagram 

 

The block diagram of Static Excitation Equipment (SEE) 
is shown in figure.1. It consists of the various equipment 
installed to control the excitation system of an alternator. The 
main principle components in the system are Automatic 
Voltage Regulator (AVR), Pulse Generator, Pulse amplifier, 
Pulse final stage amplifier, Thyristor panel, its cooling 
system, Potential Transformer (PT), Current Transformer 
(CT) and the excitation transformer [4]. The main aim of our 
project is to identify the possible faults and its rectification, 
so as to prevent the instability in the system.  The output 
voltage from alternator is metered by potential transformer 
and current transformer  and the reading is fed to AVR. This 
signal acts as the actual signal which is compared with the 
reference signal set by the unit control board.  

 

 

Logic Control of Static Excitation System in  
Power Alternators using PLC 

I.William Christopher, G.S.Ashwinraj, P.Jeneve Vinolia, M.Kaviya 

http://www.ijeat.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.F9080.088619&domain=www.ijeat.org


 
Logic Control of Static Excitation System in Power Alternators using PLC 

 

3972 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number F9080088619/2019©BEIESP 
DOI: 10.35940/ijeat.F9080.088619 
Journal Website: www.ijeat.org 
 

The two signals are compared by the AVR which also 
receives signals from various other limiters and power 
system stabilizers [5]. The power system stabilizers are used 
to prevent power swing in alternators i.e to suppress 
oscillation(pole slip). The difference between the highly 
stabilized reference and the actual value is amplified in 
different stages of amplification. Three Current Transformers 
senses the output current of the Alternator, feed proportional 
current across variable resistors in the AVR [6]. The voltage 
thus obtained across the resistors, can be added vectorially 
either for compounding or for transformer drop 
compensation. The output of the AVR is fed to a pulse 
generator. The pulse position varies continuously as a 
function of the control voltage. Two relays are provided and 
by energizing them the pulses can be either blocked 
completely or shifted to inverter mode. The pulse output of 
the "pulse generator” is amplified further at 
intermediate stage amplification. This is also known as pulse 
intermediate stage [7-8]. The Auto and Manual channel 
changeover is affected by energizing/de-energizing the relay. 
This unit receives input pulses from the pulse amplifier and 
transmits them through pulse transformers to the gates of the 
thyristors. A built in power supply provides the required dc 
supply to the final pulse and amplifier. Each Thyristor bridge 
has its own final pulse stage. Therefore, even if one Thyristor 
bridge fails with its final pulse stage, the remaining thyristor 
bridges can continue to cater to full load requirement of the 
machine and thereby ensure (n-1) operation. A separate 
manual control channel is provided where the d.c. control 
signal is taken from a stabilized d.c. voltage The d.c. signal is 
fed to a separate pulse generator whose output pulses after 
being amplified at an intermediate stage can be fed to the 
final pulse stage. When one channel is working and 
generating the required pulses, the other remains blocked. 
Therefore, a changeover from "Auto" to "Manual" control or 
vice-versa is affected by blocking or releasing the pulses of 
the corresponding intermediate stage. To ensure a smooth 
changeover from 'Auto' to 'Manual' control, it is necessary 
that the position of the pulses on both channels should be 
identical. A pulse comparison unit detects any difference in 
the position of the pulses. 

III. LADDER DIAGRAM 

Ladder diagrams are specialized schematics commonly 
used to document industrial control logic systems. They are 
called “ladder” diagrams because they resemble a ladder, 
with two vertical rails (supply power) and as many “rungs” 

(horizontal lines) as there are control circuits to represent. 
The following figures from figure.2 to figure.10 shows that 
the ladder diagram (program) related to various rung 
numbers with diffrenent operations.  

 
 

Fig. 2. Rung 0 to 10 

 

 
 

Fig.3. Rung 11 to 20 
 

 

 
 

Fig.4 Rung 21 to 31 
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Fig.5 Rung 32 to 40 

 

 
 

Fig.6. Rung 42 to 50 

 

 

Fig.7. Rung 51 to 61 
 

 

 

 
 

Fig.8. Rung 62 to 70 
 

 

Fig.9. Rung 71 to 80 

 

 
 

Fig.10. Rung 82 to 90 
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IV. SIMULATION RESULTS AND DISCUSSIONS 

  The ZEN support software was used for designing the 
logical algorithms and to view the simulation results. Design 
process began with the identification of the inputs and the 
required output indications. The algorithms were 
implemented in the rungs using ladder diagram. The 
contactors were fixed as either NO (normally open) or NC 
(normally close) and many Internal relays, hold relays, 
Timers, Counters and Display operation were implemented 
in the ladder diagram and setting of parameters for the 
contactors and coils were also done. The Figure.11 is the 
execution simulator for the program which was developed in 
the ladder diagram shown in the previous section. In this 
figure I0, I1, I2, I3, I4, I5, I6, I7, I8 and I9 are the inputs and 
Q0, Q1, Q2, Q3, Q4, Q5, Q6, Q7 are the outputs. 

 

 

Fig.11. Basic Simulation 
 

The assigned input functions are shown in table .1 
 

Table.1. Inputs and Assigned functions 

S.No. Inputs Assigned function 
1 I0 Trip Coil Healthy 
2 I1 3.3kvbus Voltage Normal 
3 I2 Class A Not Acted 
4 I3 Auto Pulse Fail 
5 I4 AVR PT Not Healthy 
6 I5 A/A1 Supply Fail 
7 I6 Single Bridge Fail 
8 I7 AVR Under Testing 
9 I8 Both Bridge Fail 

10 I9 Over Current Acted 

 
Ia is accent and Ib is reset. B0, B1, B2, B3, B4, B5, B6, 

B7 are buttons which are also considered as inputs and they 
act as commands. Some of the input conditions are 
considered as faults and those faults are identified and 
separated as trip fault, non-trip fault and protection change 
over to manual. The assigned output functions are shown in 
table .2 

 

Table.2. Outputs and Assigned functions 

S.No. Outputs Assigned function 
1 Q0 Field Breaker in closed 

condition 
2 Q1 Auto channel ON 
3 Q2 Manual channel ON 
4 Q3 Protection Change Over To 

Manual 

5 Q4 Trip Fault Acted 
6 Q5 Non Trip Fault Acted 
7 Q6 Auto Raise/Lower 
8 Q7 Manual Raise/Lower. 

 
When the simulator has started to execute the program, at 

initial stage I0 and I1 should be closed; as they sssform the 
basic requirements for the field breaker to close. It also 
requires auto reference and manual reference value to be in 
minimum for the field breaker to be closed. 
 

A. Field Breaker ON 

The Figure 5.13 shows that the field breaker is closed by 
Q0 indication only after ‘field breaker is on’ command (B0) 

is  
given. The display shows that the auto reference and 

manual reference value is minimum. 
 

 

Fig.12. Field Breaker ON condition 

 

B. Auto Channel ON 
 

The Figure 13 indicates ‘Auto pulse on’ command and is 

given by B6 so that Q1 glows which indicate that the auto 
channel is on. 
 

 

Fig.13. Field Breaker ON condition 
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C. Protection Change Over to Manual 

In Figure 5.15 it can see that I3 is closed which shows that 
auto pulse fails. Automatically Q1 stops glowing and Q2 
starts glowing indicating that the manual channel is on and 
also Q3 stars blinking indicating the protection is changing 
over to manual. When Ia is closed Q3 stops blinking and 
starts glowing. After rectifying the fault i.e., I3 in open 
contact, Ib is closed so that Q3 stops glowing indicating that 
the fault has been rectified and by pressing B6 the channel is 
changed to auto channel. 
 

 

Fig.14.Protection Change Over to Manual 
 

D. Non Trip Fault 
 

In the Figure 5.16, I6 is closed which shows that single 
bridge in SCR fails, then Q5 stars glowing indicating that a 
non-trip fault has occurred. 

 

 

Fig.15 Non Trip Fault 
 

E. Trip Fault 
 

In the Figure 5.17, I9 is closed which shows that over 
current has acted.  
 

 

Fig.16 Trip Fault 
 

Immediately Q0 stops glowing indicating that field 
breaker is open because it is a trip fault and also Q4 starts 
glowing which also indicates that a trip fault has occurred.  
The LCD display also shows that field breaker is tripped. 

 

V. EXPERIMENTAL VALIDATION 
 

The ZEN model PLC has 12 inputs and 6 outputs. A 
positive 12 voltage supply is given to the power terminals. 
The inputs are also given +12 V supply, if the input is made 
ON it is indicated by the LED. Similarly, the output is 
indicated by LED. 

 

 
Fig.17. Hardware circuit connection 

  

The hardware component specifications of the proposed 
system are given in the table 3. 

Table.3. Hardware Component Specifications 

S.No.  Component  Specification  

1  OMRON ZEN 
Model  PLC  

• 96 Lines of Program Capacity 
• 44 Max. No. of control I/O 

points 
• Cyclic scan 
• 150 Hz Counting Speed 
• 12V-24V Power Supply 

2  Power Supply  230V  

http://www.ijeat.org/
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3  Transformer  230V/(12-0-12)V  

4  Diode  1N4007  

5  Capacitor  1000uF,470uF,0.1uF  

6  Regulator  LM7812,LM7824  

 

A. Diode (1N4007) 
 

A rectifier diode is used as a one-way check valve. Since 
these diodes only allow electrical current to flow in one 
direction, they are used to convert AC power into DC power. 
A 1N4007 diode is electrically compatible with other rectifier 
diodes, and can be used as a replacement for any diode in the 
1N400x family. 

 

B. Transformer 

In this circuit 230V/12-0-12V centre tapped transformer is 
used.12-0-12 is just two 12V windings joined together at one 
end, it can also be a single 24V winding with a connection in 
the middle. It has many uses but the primary one is in low 
voltage power supplies where full wave rectification can be 
achieved with two rectifiers instead of the four needed in a 
bridge circuit. 

C. Voltage Regulators 

LM 7612- 7612 is a 12V Voltage Regulator that restricts 
the voltage output to 12V and draws 12V regulated power 
supply. The 7612 is the most common, as its regulated 
12-volt supply provides a convenient power source for most 
TTL components. LM 7624 - 7624 is a 24V Voltage 
Regulator that restricts the voltage output to 24V and draws 
24V regulated power supply. 
 

D. Capacitors 
 

Capacitors are used for filtering the rectified output and 
also to boost the voltage rectified. We use three types of 
capacitors, 0.1 micro F, 1000 micro F, 470 micro F. Each 
rating capacitor can withstand up to the output voltage 

 

E. Experimental Results 
 

When the PLC is ONed, initially Q2 indication is shown. 
This is to indicate that the Q2 (manual channel) is on at initial 
condition. The types of faults with switch indication can be 
easily understood by the following table 4. 

Table.4. Types of faults with Switch indication. 

S.No Inputs 
Type of 
Faults 

Fault Name Indication 

1 I3 
Protection 

Change 
Over To 
Manual 

Auto Pulse Fail  Q2 On 
Q3 

Blinking 

2 I4 
AVR PT Not 
Healthy  

Q2 On 
Q3 

Blinking 

3 I5 
A/A1 Supply 
Fail  

Q2 On 
Q3 

Blinking 

4 I6 Non Trip 
Single Bridge 
Fail  

Q2 On 
Q5 

Blinking 

5 I7 

Trip 

AVR Under 
Test Mode  

Q1 On 
Q4 

Blinking 

6 I8 
Both Bridge 
Fail  

Q1 On 
Q4 

Blinking 

7 I9 
Over Current 
Acted  

Q1 On 
Q4 

Blinking 
 

 

 
 

The OMRON ZEN model PLC and its power supply 
circuits are shown in figure 18 and figure 19 respectively.  

 

 
 

 

Fig.18. OMRON ZEN Model PLC 
 

 

 
 

Fig.19. Power Supply Circuit 
 

The types of faults with the corresponding condition for 
switch indication are illustrated in the following figures. The 
initial condition of the PLC based system is shown in figure 
20. 

 

 

  
 

Fig.20. Initial Condition          Fig.21. Field Breaker ON 
 
 

When B0 command is given, Field Breaker (FB) is closed 
and the indication is given by Q0 is shown in figure 21.When 
B6 command is given, Q1 starts glowing indicating that auto 
channel is on is shown in figure 22. 

 
 

  
 

Fig.22. Auto channel ON             Fig.23.Protection change 
over to manual 
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When I3 input signal is received, a fault occurs, which is of 
protection change over to manual type. Thus an indication Q3 
starts blinking, Q1 starts glowing. When an accept signal is 
given Q3 glows steadily and once the fault is rectified reset is 
given is shown in figure.23. 
 

  

Fig.24. Non trip faults                         Fig.25. Trip faults 
 

Similarly, the I6 input is given, Q5 indication starts 
blinking for non-trip faults are shown in figure 24. The I9 
input starts the blinking of Q4 indication for trip faults are 
shown in figure 25. 

VI. CONCLUSIONS 
 

Thus a novel idea to reduce the complexity of large number 
of relays and their contactors using the above discussed logic 
control of Static excitation system for power alternators using 
PLC has been implemented successfully. The added 
advantages of this method of logic control are less cost and 
high performance. PLC’s are marvelous inventions and with 

their non-volatile memory they perform with high efficiency 
and they require less maintenance. The proposed system is 
highly efficient in operation and maintenance when 
compared to the present day system. It can also be 
implemented as the controlling technology for the entire 
power plant for various sections like  

1. H2 cooling system 
2. Conveyor protection system 
3. Seal oil leak prevention system  

The implemented product is only a prototype, as the inputs 
to our ZEN model OMRON PLC is constrained only to 12 
numbers and the output as well to 8. So, only the most 
important inputs are selected for demonstration. If three more 
PLC with 20 Inputs and outputs are provided, the entire 
power system can be upgraded to a PLC controlled system. 
PLC controlling can also be used to control all the other 
systems which need high event monitoring.  
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