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Introduction

o Excitation systems play an important part in determining power system stability

o Block diagrams, when supplied, often are based on typical or default values, and do not 
represent the behaviour of the exciter machine

o Manufacturers of AVR’s often provided IEEE models for use in studies. There has been a 
gradual movement towards detailed models for each type of AVR

o Unfortunately not the case with exciter machines. Inaccuracies often occur during a 
refurbishment project when the AVR is replaced with a new model but the exciter remains 
unaltered
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Elements of an excitation system

1. Exciter: Provides dc current to the generator field winding

2. Regulator: Processes and amplifies input control signals to a level and form appropriate 
for control of the exciter

3. Voltage transducer and load compensator: Senses generator terminal voltage, 
rectifies and filters it to dc quantity and compares with a reference; load compensation may 
be provided if desired;

4. Power system stabiliser: Provides supplemental control signal to the regulator to 
increase damping of local and/or inter-area modes

5. Limiters and protective circuits: Ensure that the capability limits of exciter and 
generator are not exceeded
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Elements of an excitation system
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Model for brushless exciter
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Model for the brushless exciter

o Commonly adopted simplified representation of an ac rotating exciter system as published by 
IEEE Standard 421.5

o Voltage applied to exciter field winding represented by efd and e’fd is the voltage applied to 
main generator field winding

o Saturation represented the function SE(efd), which includes the voltage VE and the 
saturation characteristic

o Rectifier modelled by the Fex function

o Exciter represented by first order model. Assumption first order model is adequate as 
opposed to second or higher order model is a compromise between complexity and accuracy
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Schematics of different types of excitation systems

• Brushless Excitation System
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Comparison of different types of excitation systems

• Positive field forcing capability 
only

• Excitation response limited by 
exciter time constant TE

• No slip rings required (less 
maintenance)

• Direct measurement of rotor 
quantities not possible (unless 
special instrumentation is 
provided)

• Excitation of 1 to 200A

• Additional modelling required for 
rotating exciter
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Brushless Excitation

• Positive and negative field 
forcing capability

• Fast excitation response time

• Slip rings required

• Direct measurement of rotor 
quantities possible

• Excitation of 100 to 10,000A 
possible

• Cost of converter bridge quite 
high

Static Excitation System



Performance of different types of excitation system s

o Brushless exciter is considered more complicated for control and PSS design

o Consider the phase response from ∆Te/ω 
o Exciter adds considerable phase lag that needs to be compensated for
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Performance of different types of excitation system s
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o Time domain response significantly slower when a rotating exciter is present



Case Study A

• Testing of a 79.4MVA aero derivative gas turbine

• DIgSILENT performed routine compliance testing of the excitation system in 2011 to evaluate 
compliance with NER

• Tests showed non compliance with settling time requirement and the existing model did not 
adequately represent the actual plant response

• To rectify the non-compliance, AVR and PSS need to be re-designed, but an accurate model 
of the excitation system is required….
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Case Study A – Response of initial model
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o Synchronised voltage step response when compared with existing R1 model



Case Study A – Field testing

• The excitation system comprised of:

– A dual channel ABB UNITROL F digital AVR;

– A dual input channel PSS conforming to IEEE PSS2B type;

– Potential source rectifier;

– A brushless ac exciter;

• Access to main field not possible; signals such as generator field voltage and current not able 
to be recorded

• Due to limited access of these signals, testing was limited to:

– Voltage step responses (existing data from 2011 re-used);

– Transfer function measurement of AVR;

– Load rejection to determine d-axis parameters (generator);
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Case Study A – Model overview

• Interaction between AVR, exciter and generator are meshed and complicated

• Need to isolate source of error

• Because the output of the exciter can not be measured, error of any potential exciter model 
is coupled with that of the generator model

DIgSILENT Pacific Training Module – PF-SHL.01 15
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Case Study A – AVR transfer function
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Case Study A – Parameter Identification

• Series of “Parameter Identification” simulations performed using existing step response data

• “Parameter Identification” is a tool in PowerFactory that optimises parameters when 
compared to input and output measurement signals

• The process is as follows:

1. A measurement file object is created which maps raw data into one or more signals

2. Define measurement signals to be used as inputs by the signals otherwise used as inputs by the model 
or power system element to be optimised

3. Output signals and the corresponding measurement signals are fed to a comparator

4. Comparator calculates an objective function which is the weighted sum of the differences between the 
measurement and simulated response, raised to a power

5. The identification command will collect the objective function from all the comparators in the active 
study case and minimise the overall objective function by optimising the chosen parameters

PowerFactory Users' Group Meeting, Sydney 2013 17



Case Study A – Parameter Identification
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Case Study A – Parameter Identification

• Video
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Case Study A – Parameter Identification

o Parameter Identification studies were simulated to optimise:

• TE

• KE

• KD

• KC

• Generator Tdo’ (value was optimised from load rejection data)

o Five primary scenarios considered:

• Full load under excited;

• Full load over excited;

• Medium load unity power factor;

• Low load under excited; and

• Low load over excited

o Typical data for the exciter saturation Se(E’fd) was assumed from similar sized machines
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Case Study A – Parameter Identification
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Case Study B

• Testing of a 100MVA hydro turbine

• Asset owner intending to upgrade the AVR. This will trigger a Clause in the NER to provide 
validated models, including the exciter

• The determination of AVR and PSS settings depends on the characteristics of the exciter 
model

• DIgSILENT and the asset owner considered it prudent to first develop a model of the exciter 
before undertaken analysis of the controller

• Unlike in Case A, there was no existing model of the exciter
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Case Study B – Field testing

o The excitation system comprised of:

– A single channel ABB UNITROL M analogue AVR;

– A dual input channel PSS;

– Potential source rectifier;

– A brushless ac exciter;

o Access to main field was possible; generator field voltage was able to be recorded. 
Generator field current could not be measured due to the rotating rectifiers

o Test methodology included

– Resistance measurements of the stator winding, rotor winding and exciter field winding;

– Transfer function measurement of the exciter and generator;

– Transfer function measurement of the AVR;

– Open and short circuit characteristic curves;

– Voltage step responses;

– Load rejections;
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Case Study B – Steady state

o Basis of per unit system of exciter is to have required 1pu excitation to produce 1pu terminal 
voltage on air gap line

o Exciter input and output monitored during generato open circuit curve and vee curve 
measurements. This data was coupled with the exciter open circuit curve which was provided 
by a datasheet

o Parameters KE and KD carefully selected to achieve this condition (1pu excitation to produce 
1pu terminal voltage)

o To evaluate steady state performance, it is of interest to identify steady state error of exciter 
alone

o This is achieved by injecting measured steady state generator field voltage and finding 
calculated value of exciter field current. This is then compared to the measured value and an 
error is determined
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Case Study B – Steady state performance
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Case Study B – Frequency response

o Frequency response of the exciter was measured in the unsynchronised condition at a low 
value of terminal voltage to minimise the effects of saturation

o The frequency response is a transfer function measurement of generator field to exciter field:

����

���

o Model corrected to test temperature and compared with actual plant response

o Frequency response of generator also measured for same condition and compared with the 
transfer function G(s)

� � = ��
1 + ���


1 + ��′�� 1 + ��′′��
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Case Study B – Frequency response of exciter
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Case Study B – Frequency response of generator
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Case Study B – Exciter time constant

o Exciter time constant represent by simple fixed time constant TE with minimum limit limiting 
state variable and all negative values

o Determined by a de-excitation test whereby the discharge resistor on the AVR is bypassed 
and a diode is in parallel with field to allow exciter discharge through itself

o The observed time constant of 0.488s, time for rotor voltage to fall by 63.2%, is lower than 
the required time constant TE as it is not the open loop time constant of the exciter as it is 
still connected to rotor winding during the test and there is a feedback path

o Decay of rotor voltage largely dependent on TE and KE, for simplification KD is excluded 
from the calculation. TE calculated to be 0.655s
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Case Study B – Exciter time constant
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Case Study B – Dynamic performance

o Dynamic performance of the validated model verified in time domain by performing 
unsynchronised and synchronised voltage step response simulations and comparing them to 
actual plant response

o Overlays include error margins of 10% of step magnitude

o Exciter model validated in isolation by open loop simulations

o Involves injecting measured exciter field voltage to the validated model and comparing the 
exciter output to actual plant response
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Case Study B – Dynamic performance
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o Closed loop simulation – synchronised voltage step response



Case Study B – Dynamic performance
o Open loop simulation to confirm the exciter model only
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Thank you
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