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• Introduction

• Tie – Line Control with Primary Speed
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• State-Space Models
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INTRODUCTION

• Basic Generator Control Loops:

AVR Excitation Control &

ALFC  Speed Control

• AGC Frequency Deviation (∆f)

• Interconnected Systems:

• AGC has to take into account tie line flows

OBJECTIVE: LOAD FREQUENCY CONTROL OF 
INTERCONNECTED SYSTEMS
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• ISOLATED SYSTEM:

With Primary Speed Control, any change in system load will lead
to frequency deviation depending on the

1. Droop of the governor droopcharacteristics

2. Frequency dependence of the load
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• To restore the frequency to the nominal value, we need
supplementary control which changes the load reference set point.

PREPARED BY Shreeshayana R,DEPT. OF EEE, ATMECE,MYSURU 6
Department of EEE, ATMECE

ATME College of 

Engineering, Mysuru

INTRODUCTION



PROPORTIONAL 
INTEGRAL CONTROLLER
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• With different control areas connected, Role of AGC:

1. Hold the system frequency to the nominal value of 50Hz

2. Maintain correct value of power interchange between the
control areas

3. Maintain generation of each unit at an economical value
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CONTROL
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MULTI AREA SYSTEM: 
TIE LINE CONTROL

TIE-LINE With Primary Speed Control

Consider Two area system:

1. Let Positive Power Flow from Area 1 to Area 2 be P12

2. Power Flow from Area 1 to Area 2 is:
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TIE-LINE With Primary 
Speed Control
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TIE-LINE With Primary 
Speed Control
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Power Flow from Area 1 to Area 2 is:

T is called Synchronizing torque coefficient
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Change of Load in Area 1

Assume Mechanical Powers (∆Pref) Constant
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Change of Load in Area 1
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TOPIC OF 
DISCUSSION:MODULE- 3

Automatic Generation Control in Interconnected Power system:

• Introduction

• Tie – Line Control with Primary Speed

Control

• Frequency Bias Tie - Line Control

• State-Space Models
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•MULTI AREA SYSTEM:

1. Tie – Line Control with Primary Speed
Control

2. Change of Load in Area 1

3. Change of Load in Area 2

4. Change of Load in both the Areas.
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TIE-LINE With Primary 
Speed Control
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•Consider a Load Change of ∆P12 in Area 2

PREPARED BY Shreeshayana R,DEPT. OF EEE, ATMECE,MYSURU 20

CHANGE OF LOAD IN AREA 2

Department of EEE, ATMECE
ATME College of 

Engineering, Mysuru



PREPARED BY Shreeshayana R,DEPT. OF EEE, 
ATMECE,MYSURU

21

CHANGE OF LOAD IN 
AREA 2

------------------(1)

------------------(2)

------------------(3)

------------------(4)

From  (1) and (3) From  (2) and (4)
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• If we have simultaneous change of Load in both the areas:

• Adding (1) and (2)
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CHANGE OF LOAD IN 
BOTH AREAS

------------------(1)

------------------(2)
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CHANGE OF LOAD IN 
BOTH AREAS

We can observe from the above: With only primary governor 

control,  load change in both areas will lead to a steady state 

deviation in frequency of both areas.
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• CHANGE OF LOAD 

IN AREA 1

• CHANGE OF LOAD 

IN AREA 2

• CHANGE OF LOAD 

IN BOTH AREAS
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NUMERICALS
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TOPIC OF 
DISCUSSION:MODULE- 3

Automatic Generation Control in Interconnected Power system:

• Introduction

• Tie – Line Control with Primary Speed

Control

• Frequency Bias Tie - Line Control

• State-Space Models
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• CHANGE OF LOAD 

IN AREA 1

• CHANGE OF LOAD 

IN AREA 2

• CHANGE OF LOAD 

IN BOTH AREAS                                                                                                        

• CHANGE IN GENERATION
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From previous topic of discussion we observed 
with only a primary loop control :

With Supplementary control:
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TIE LINE BIAS 
CONTROL(FREQUENCY BIAS TIE 

LINE CONTROL)

Increase of Load in 

any area

Increase of generation 

in both areas

Associated change in 

tie line power and 

reduction in frequency

Restores balance 

between generation 

and load

Restores frequency to a 

nominal value
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Three Modes in which interconnected operation works:

1. Flat frequency where control is to obtain a constant frequency: 

In an interconnected systems, when one of the system responds to
frequency change only: It cannot have control over the power flow
in the interconnected lines
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TIE LINE BIAS 
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Department of EEE, ATMECE
ATME College of 

Engineering, Mysuru



Three Modes in which interconnected operation works:

2.When a system responds to Tie-Line changes and changes its
generation to maintain the scheduled tie line interchanges: It
cannot respond to frequency changes. This is called FLAT TIE
LINE MODE
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TIE LINE BIAS 
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Three Modes in which interconnected operation works:

3. Both the methods specified has disadvantages.

Hence a combined control called Frequency Bias Control is used.
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TIE LINE BIAS 
CONTROL(FREQUENCY BIAS TIE 
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EXAMPLE: Let us consider identical areas, with area 1 supplying 
150MW, over the tie line to area 2.

If there is an increase in load by 50MW in area 2
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TIE LINE BIAS 
CONTROL(FREQUENCY BIAS TIE 

LINE CONTROL)

Primary Control

Each area increases its 

generation by 25MW and 

tie line power increases to 

175MW

If area 1 had an 

agreement to sell only 

150MW to area 2

Production cost of extra 

25MW would be unbilled
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Inference :

Supplementary control in a given area should change the
generation only for change in load in same area
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TIE LINE BIAS 
CONTROL(FREQUENCY BIAS 

TIE LINE CONTROL)
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TIE LINE BIAS 
CONTROL(FREQUENCY BIAS TIE 

LINE CONTROL)
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• Control Signal :  Area Control Error
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TIE LINE BIAS 
CONTROL(FREQUENCY BIAS TIE 

LINE CONTROL)
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Block Diagram of AGC for a 
Two Area System

Department of EEE, ATMECE
ATME College of 

Engineering, Mysuru



PREPARED BY Shreeshayana R,DEPT. OF EEE, ATMECE,MYSURU 41

ACE Expression

ACE Signal in General Form:
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ACE Expression

Department of EEE, ATMECE
ATME College of 

Engineering, Mysuru



PREPARED BY Shreeshayana R,DEPT. OF EEE, ATMECE,MYSURU 43

NUMERICALS:ACE
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NUMERICALS:ACE
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NUMERICALS:ACE
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A state variable is one of the set of variables that are used to describe
the mathematical "state" of a dynamical system.

Intuitively, the state of a system describes enough about the system to 
determine its future behaviour in the absence of any external forces 
affecting the system.
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STATE SPACE MODELS
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Implementation of AGC
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The s-domain equations are as follows:

For the turbine we have:

PREPARED BY Shreeshayana R,DEPT. OF EEE, ATMECE,MYSURU 48

STATE SPACE MODELS:                
ISOLATED SYSTEM
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ISOLATED SYSTEM 
WITH AGC
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ISOLATED SYSTEM WITH 
AGC

For the Governors we have
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ISOLATED SYSTEM WITH 
AGC

For the Integrator we have

The following are called State Equations
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ISOLATED SYSTEM WITH 
AGC

State Vector in Time domain

State Equations can be transformed into time domain and 

written in matrix form as:
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ISOLATED SYSTEM WITH 
AGC

Standard Form of State Space Model
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• The Co-efficient matrix A determines the stability of the system

• For the system to be stable co-efficients of the Eigen Matrix should 
be on the LHS of the s-plane.
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Pole Placement Design
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Pole Placement Design
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Thank You
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