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This thesis is concerned with the generation control in small isolated power systems 
consisting of inverter interfaced generation systems. First the components of an 
individual distributed generation system (DGS) as well as the corresponding control 
schemes for active and reactive power flow are discussed and implemented. Then the 
contribution of multiple DGS to meet the requirement of the loads in both grid-
connected and island operations are discussed. Having evaluated the performance of 
each developed model such as voltage source inverter, PQ and PV controlled as well as 
reference DGS, the impact of voltage degradation on power load control in isolated 
systems is analyzed. Finally a new method for generation control in a small power 
system based on power sharing between multiple DGS with voltage degradation 
consideration as the last alternative for sustaining the system is proposed and 
implemented. 
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Chapter 1 
 
Introduction 
 
 

1.1 Task Formulation 
 
With regard to the present technological advances in small generators, power 
electronics, and energy storage devices, as well as fuel costs and more strict 
environmental regulations, construction of large power plants are economically 
unfeasible in many regions. Furthermore in some regions such as rural areas it might be 
a shortage of substation and/or distribution feeder capacity. So interest in distributed 
generation systems (DGS) such as microturbines, photovoltaics and fuel cells with 
capacities in the range of 1 [kW] to 10 [MW] is rapid ly increasing and the structure of 
power delivery is subject to radical change. Apart from that, some incentive laws to 
utilize renewable energies have also encouraged a more decentralized approach to 
power delivery. 
DGS can help to improve power quality and power supply flexibility and 
expandability, maintain system stability, optimize the distribution system, provide the 
spinning reserve and reduce the transmission and distribution cost which all are of great 
interest for power utilities. But the interest in DGS is not confined to power utilities, it 
is also attractive for customers as it can be used to feed them in the event of an outage 
in the line or in the primary substation or during scheduled interruptions. From the 
viewpoint of emission reduction compared to traditional power plants, DGS is also 
attractive for societies [1,2].  
 
The various generation sources for DGS are [1]:  
 

• Conventional technologies: such as diesel engines,  
• Emerging technologies: such as microturbines or fuel cells,  
• Renewable technologies: such as small wind turbines, photovoltaics, or small 

hydro turbines. 
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These technologies are based on notably advanced power electronics because most of 
DGS require power converters, PWM techniques, and electronic control units. 
 
The task formulation of this thesis is embedded in the context of a generation control 
method for a small isolated power system consists of multiple inverter interfaced DGS. 
As it is found that why the new trend is to construct small distribution stations 
combined with several inverter interfaced DGS instead of large power plants, this 
particular question is raised that how the power generation can be controlled in a small 
system. What makes this subject a bit complicated is their distinguished characteristics 
such as being inertia- less and slow response.  
 
A typical disturbance in a small system can be either transferring to island mode of 
operation or switching a load in island mode. In this situation a regulating power is 
needed, and if there is free generation capac ity in the system the ultimate aim would be 
the control of different DGS in the system in such a way that this regulating power is 
properly shared. If all the DGS in the system reached to their rating capacity, the 
particular question of interest would be how the system can still be sustained even if 
there is no free generation capacity in the system. As most of the loads have voltage 
dependant characteristics, it is possible to reduce their power consumption if voltage is 
degraded a few percent without vio lating the permitted limits.  
The main achievement of this study is to propose a power sharing method between 
different inverter interfaced DGS or in other words a method for full exploitation of the 
free generation capacity in the system, and finally utilizing voltage degradation as the 
last alternative for sustaining the system. 
 
The tasks of this thesis are explicitly summarized by the following items: 
 

• Modeling the components of an inverter interfaced DG and its corresponding 
controllers for frequency, voltage, active and reactive powers, 

 
• Discussing the mechanism of generation control in small isolated systems, 

 
• Analyzing the impact of voltage degradation on power load control in isolated 

systems, 
 

• Proposing a new generation control method with voltage degradation 
consideration and its implementation on a sample system. 

 
 

1.2 Tackling of the Problem 
 
In first step it was necessary to gain a detailed understanding of the control schemes 
for an inverter interfaced DG. This knowledge was needed to develop appropriate 
models, i.e. PQ and PV controlled DG, as well as reference DG.  
Once the models were developed their interaction and contribution in an isolated 
system to meet the requirements of the loads in both grid-connected and islanded 
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operations, was analyzed and finally a power sharing method with voltage degradation 
consideration was proposed. 
As voltage degradation was assumed as the last option to sustain the system, it was 
needed to examine all its relevant aspects. The results of the studies in this part proved 
that this option is more suitable and effective for the systems consist of inverter 
interfaced DGS rather than those with synchronous machines. 
 As the last step, the proposed generation control method was implemented in a sample 
isolated sys tem and its effectiveness was evaluated through multiple case studies.   
 

1.3 Structure of the Report 
 
Chapter 2 introduces the main components of an inverter interfaced generation system 
and delivers the theoretical considerations on voltage, frequency, active, and reactive 
power control of voltage source inverters, as well as some practical details on this 
issue. This chapter also raises the fundamental assumptions and specifications 
considered for different models that are developed in next chapters. In particular the 
discussion made on dc link model and dynamic behavior of up-stream generation 
system is of great importance. 
 
Chapter 3 is aimed at grasping all the details regarding the mechanism of generation 
control in isolated power systems composed of inverter interfaced generation system. 
This chapter also presents the state of the art of this issue and finally the detailed 
theoretical description of the proposed method.  
 
Chapter 4 gives the implementation details of reference and PQ & PV controlled DGS. 
 
Chapter 5 includes the results for the simulations made for verification of the models 
developed in chapter 4. 
 
Chapter 6 is aimed at examining the impact of voltage degradation on power-load 
control in isolated power systems. The studies in this chapter is commenced with a 
simple model consists of a diesel-driven synchronous machine, and step by step more 
complicated configurations with PQ & PV controlled DGS are considered and the 
interaction of different components are analyzed. 
 
Chapter 7 presents the implementation of the proposed method on an example network 
and interpretation of the simulation results. In this chapter the performance of the 
proposed method is evaluated through some case studies. It is tried to consider all the 
possible scenarios which might happen in practice and see how the power generation 
can be controlled when a disturbance or multiple disturbances occur and how the 
system can be sustained by voltage degradation. 
 
In chapter 8 finally the results of this thesis are summarized and some possible further 
developments are suggested. 
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Chapter 2 
 

Control Schemes for Inverter Interfaced 
Dispersed Generators 
 
 

2.1 Introduction 
 
This chapter mainly discusses the different control schemes of an inverter interfaced 
generator. First the components are discussed and then the general specifications and 
structure of the controllers as well as the constraints and additional aspects which were 
considered in the developed models are raised. 
 

2.2 General Aspects of Inverter Interfaced Generation 
Systems  
 
There are two basic classes of DC and AC microsources. DC microsources such as fuel 
cells, photovoltaic cells, and battery storage; and AC microsources such as 
microturbines that generate power at a frequency of a few kHz. The output voltage of 
the first category of microsources is converted to AC at the desired 50 Hz frequency by 
means of Voltage Source Inverters (VSI) whereas the output of the second category 
should first be rectified and then VSI is applied. For both classes of microsources, the 
voltage source inverters play a vital role in the system which interface the microsources 
with the AC power system [4].  
The configuration of the basic inverter interfaced generation system or briefly 
microsource is shown in Fig. 2.1.  
 

 
Fig. 2.1 Basic inverter interfaced generation system. 
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The key components of the system are: energy source, dc link capacitor, voltage source 
inverter (VSI), and coupling inductance [5].  
Concerning the above, the following important points should be addressed: 
 

• If the type of energy source is photovoltaic (PV), then for modeling and 
simulation, the energy source can be modeled as a constant current source. In 
other words it can be assumed that the current of energy source flowing into the 
dc link is nearly constant. This is true as the power variation frequency of the 
energy source is very small compared with the ac network frequency [6]. 

• If the energy source is fuel cell then the voltage across the capacitor is more or 
less constant and in modeling and simulation it is most often modeled as a 
constant voltage source. 

• The function of the dc link capacitor is to make an energy balance when 
demanding energy is not exactly the same as the one which is supplied by the 
energy source. When the active power which is supplied by the inverter or 
absorbed by the load exceeds the instantaneous supply of the energy source, dc 
link capacitor will discharge and cover the remaining power. Similarly if the 
load is lower than that of the active power which is supplied by the energy 
source, the surplus energy will charge the capacitor. This process can be 
summarized in a short term called “load tracking”. This is of high importance as 
the time-constants for changes in output power of some microsources like 
microturbines and fuel cells range from 10 to 200 seconds. 

• In some cases battery storage is used instead of capacitor. However it should be 
pointed out that the battery storage is more appropriate for long term whereas 
the capacitor is suitable just for transient stability. 

 
Based on what was previously stated, in order to analyze the issue of generation control 
in isolated power systems, the first step would be modeling the different components of 
a basic inverter interfaced generation system as shown in Fig. 2.1 and then a suitable 
control systems should be developed that depending on situation can control the flow 
of active and reactive power to the system or keep the voltage at the terminals of the 
system constant. The next step would be the coordination of different dispersed 
generators which exist in the isolated system.  
 

2.3 Theoretical Considerations on P-Q Control 
 
The basic and minimum requirement of voltage source inverters is to control the flow 
of active and reactive powers between the microsources and AC power system. So the 
first step in studying the subject of generation control in a small isolated power system 
is to see how individual energy sources which are coupled through VSI contribute to 
provide active and reactive powers, and in fact which variables influence the flow of 
active and reactive powers. 
The voltage source inverter controls both the magnitude and phase of its output voltage 
(V in Fig. 2.1). The vector relationship between the inverter voltage (V) and the local 
microgrid voltage (E in Fig. 2.1) along with the inductor’s reactance determines the 
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flow of active and reactive power from the microsource to the microgrid. The 
corresponding mathematical relations for P & Q magnitudes are the following: 
 

( ),sin
L

VE
P EV δδ

ω
−⋅=                                                    (2.1)           

( ).cos
L

VE
L

V
Q EV δδ

ωω
−⋅−=

2

                                              (2.2) 

 
Concerning the above expressions the following points can be raised [1,2,3,7]: 

 
• For small changes, P is predominantly dependent on power angle ( )EV δδ − and 

Q is dependent on the magnitude of the inverter’s voltage (V). So based on the 
assumption of small enough value of ( )EV δδ − , P and Q will mostly be 
influenced by ( )EV δδ −  and V respectively and as a consequence the control of 
active and reactive power flow reduces to the control of power angle and the 
inverter’s voltage level. Therefore power angle and inverter’s voltage would be 
the critical variables for active and reactive power flow control. 

• Based on the previous point, although the flow of active and reactive powers 
are not completely decoupled, they are independent to a good extent. In other 
words, the control of each one has only a minor impact on the other one. 

 
 

2.4 VSI Model 
 
As the ultimate aim is to analyze generation control in isolated systems, it would be of 
no advantage to consider the details of inverter switching. If such details are considered 
then extra effort should be done to compensate the undesired effects of generated 
harmonics, and the result would be just slower computer simulation. So in this work an 
ideal model is considered for VSI, and inverter voltage is represented using three 
controlled sinusoidal voltage sources defined as [2,8]: 
 

( )
( )
( ).3/2sin2

,3/2sin2

,sin2

πδω

πδω

δω

++=

−+=

+=

Vc

Vb

Va

tVv

tVv

tVv

                                             (2.3) 

 
In this case the control variables are V and Vδ . 
 

 2.5 Basic Structure of the VSI PQ Controller 
 
The basic structure of the VSI PQ controller in the simplest way is shown in Fig. 2.2 
[2,3,7]. 
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Fig. 2.2 Basic Structure of the Inverter Control Scheme. 

 
As it was previously stated that active and reactive powers can be controlled 
independently to a good extent, then as shown in Fig. 2.2, two PI controllers would 
suffice to control the flow of active and reactive powers by generating the proper 
values for V and Vδ , based on the instantaneous values of voltage and currents which 
are taken from local microgrid voltage (E bus). 
 

2.6 More Details on VSI PQ Controller 
 
Based on the given setpoints for the active and reactive power *P and *Q , the power 
injected by the microsource into the ac system can be controlled by a method that 
controls the time integral of the inverter output voltage space vector. This concept has 
previously been applied extensively to ac motor drives. The entire control of the 
inverter is performed in the stationary d-q reference frame and is essentially vector 
control. The transformation from the physical abc reference frame to the stationary dqn 
reference frame is performed by the Clarke transformation and is described by the 
following equations: 
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In these equations, the quantity f denotes a physical quantity, such as a voltage or a 
current. For a six-pulse VSI, the inverter output voltage space vector can take any of 
seven positions in the plane specified by the qd − coordinates. These are shown in Fig. 
2.3 as the vectors 0-6. The time-integral of the inverter output voltage space vector is 
called “inverter flux vector” for short and it is just a fictitious quantity without the same 
significance as in motor applications [7]. 
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Fig. 2.3 a) Inverter output voltage vectors; b) Inverter switch positions [7]. 
 
The d and q axis components of the inverter flux vector Vψ are defined as: 

∫
∞−

=
t

ddV .dv τψ                                                           (2.5) 

∫
∞−

=
t

qqV .dv τψ                                                            (2.6) 

The magnitude of  Vψ  is: 
 

.dVqVVV
22 ψψψψ +==                                                (2.7) 

 
 The angle of Vψ with respect to q axis is: 
 

.tan
qV

dV
V 









 −
= −

ψ
ψ

δ 1                                                     (2.8) 

 
The similar expressions can be developed for ac system voltage flux vector Eψ . 

The angle between Vψ and Eψ is defined as: 
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.EVP δδδ −=                                                          (2.9) 
 

It is reported that the control of the flux vector have a good dynamic and steady-state 
performance. It also provides a conventional means to define the power angle since the 
inverter voltage vector switches position in the d-q plane, whereas there is no 
discontinuity in the inverter flux vector [7]. 
With regard to the above description, the control system for the inverter will be as 
shown in Fig. 2.4. It is observed that the selection of the inverter switching vector is 
made by hysteresis comparators and a look-up table based on the deviations of Vψ and 

Pδ  from their corresponding set values and the position of inverter flux vector in the dq 
plane given by Vδ [7]. 

Fig. 2.4 Inverter PQ control scheme [7]. 
 
If ideal model is considered for the inverter, then there will be no need to quantities 

Vψ and Eψ and the control system will be simplified to the configuration shown in Fig. 
2.5 [2,3,9]. 

 
 

Fig. 2.5 Simplified inverter PQ control scheme. 
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2.7 PQ Control Scheme with DC Voltage Controller 
 
Considering Fig. 2.1, if no energy is transferred from the dc link to the ac system, the 
average voltage across the dc link capacitor will increase linearly. In this case a 
controller is needed to keep the voltage across the capacitor constant and makes 
possible the injection of surplus energy to ac system [6]. As shown in Fig. 2.6, the 
output of such controller will produce the reference active power for inverter control. 
Charging or discharging power or the power flow “to” or “from” the capacitor should 
be the same power that is generated by the inverter or in other words, that would be the 
reference value of active power ( *P ) for inverter control. 
In Fig. 2.6, ,P,Vdc  and Q are the instantaneous values of dc voltage across the capacitor 
and output active and reactive powers of inverter respectively. 
 
 

 
Fig. 2.6 PQ control considering dc voltage regulation. 

 
With regard to Fig. 2.7, if  “I” is assumed to be the current which is supplied by the 
microsource, then the time-integral of the term ( )PIVp dcC −= .  will be the energy 
which charges or discharges the capacitor.  

 
Fig. 2.7 Power flow in dc and ac sides of VSI neglecting the losses. 

 
Cp  is the power which is flowing to or from the capacitor. It is the same as P* in Fig. 

2.6. So the following energy balance relation can be developed [6]: 
 

( ) .V.CdPI.V dc

t

dc
2

2
1

∫ ∞−
=− λ                                           (2.10) 
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Considering small signal model and applying the Laplace transformation in the above 
relation, the following would be resulted [6]: 
 

( )
( ) .

VCssP
sV

dcC

dc

0

1
=

∆                                                 (2.11) 

 
Where  ( )sVdc∆  is the deviation of the voltage across the capacitor, and 0dcV  is the 
steady-state average voltage across the capacitor. Based on relation 2.11, the following 
block diagram for capacitor voltage is deduced [6]: 
 

 
Fig. 2.8 Block diagram of the capacitor voltage control [6]. 

 
It is to be emphasized that even if the inverter does not supply active 
power ( )0== *

C PP , the above controller is still necessary in order to keep the voltage 
on the dc link capacitor constant. 
 

2.8 Active Power-Voltage (PV) Control Scheme  
 
What has been described so far corresponds to PQ control. However the similar scheme 
can be developed when the controller is regulating active power injection and 
supporting bus E voltage magnitude. As shown in Fig. 2.9, active power control loop 
will be the same as the previous scheme, and to regulate the voltage, the setpoint is 
compared with the measured voltage E and a PI controller is responsible to generate the 
adequate voltage magnitude V [3]. 
 

 
Fig. 2.9 Inverter PV control scheme [3]. 
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The voltage V is limited by some maximum and minimum value which both can be 
estimated by the maximum and minimum injection of reactive power. When the 
voltage E dips, the inverter needs to inject reactive power by rising the value of V. 
Briefly saying, maximum and minimum values of voltage at V-bus corresponds to 
maximum and minimum values of injected reactive power [3].  
The maximum value for this voltage ( maxV ) is required when the inverter injects 
maximum reactive power and zero active power. Zero active power injection implies 

EV δδ =  or ( ) 1=− EVcos δδ , so based on Eq. 2.2, maxQ and maxV satisfy the following 
relation [3]: 
 

.
L

EVV
Q

*
maxmax

max ω
−

=
2

                                                 (2.12) 

and as a consequence: 
 

.
LQEE

V max
**

max 2
42 ω+±

=                                         (2.13) 

 
The value for minV is found in a similar way: 
 

.
LQEE

V min
**

min 2
42 ω+±

=                                   (2.14) 

 
minQ  stands to represent the minimum value that the unit has when operating as an 

inductor. Such operation may be needed to depress the voltage V swells, i.e. when E 
tends to be larger than its required value [3].  
 
 
2.9 Influential Parameters on PQ and PV Controllers 
 
In this section some parameters which influence the performance of PQ and PV 
controllers from theoretical points of view, and the ones which were experienced 
during the simulations are expressed. 
 
2.9.1 Coupling Inductance 
 
Performed studies on the developed models showed that the size of coupling 
inductance has great impact on the performance of the controllers. As a matter of fact, 
inductor size is critical to insure full range of P and Q operation without excessive 
inverter voltage.  
Constraints such as microsource limits and regulated E-bus voltage determine the size 
of the inductor. The value E=1 [pu] is normal, and the limits on the output quantities of 
inverter are the following [3]: 
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• Limit on V; such as [ ]pu.Vmax 21≤ . This condition is dictated by the value of 

voltage at the DC bus and by the voltage stress on power electronic devices.  
 
• Limit on δ ; such as o30≤maxδ . This condition provides linear power control. 

As shown in Fig. 2.10, o30 is a reasonable choice of max,pδ  ( )EVp δδδ −= . 
 

 
Fig. 2.10 Power-Angle characteristics [3]. 

 
More details concerning the selection of coupling inductance can be found in [3]. 
However the optimum value of coupling inductance in the developed models was 
found through multiple simulations. The typical values which were experienced during 
the simulations were in the range of 1 to 10 [mH]. 
 
2.9.2 PQ Filter 
 
Although ideal inverter model was considered for VSI, the low pass filter in the output 
of the PQ calculation block proved to be effective on the response of the controller. 
Depending on the parameters of the study system, the proper value for cut-off 
frequency was found and set. 
 

2.10 Dynamic Behavior of Up-Stream Generation System 
 
One of the most important problems associated with the systems consists of 
microsources is related to the fact that many of them have slow respo nse and are 
inertia- less. In current power systems there is storage in generators’ inertia, so when a 
new load comes on line, the initial energy balance is satisfied by the system’s inertia. 
This results in a slight reduction in system frequency [2]. But it’s not the case in small 
isolated power systems with inverter interfaced microsources. As previously 
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mentioned, one possible solution is to use battery storage on dc link for fast load 
tracking or use capacitor for transient stability enhancement. When capacitor is put on 
dc link, a controller is needed to keep the voltage across the capacitor constant and 
makes possible the injection of surplus energy to ac system. If capacitor or battery 
storage with their corresponding protection and control is assumed on dc link of 
inverter interfaced microsources, then the analysis can be limited to inverter control 
with no need of representing the more complex behavior of the up-stream generation 
system [2,5].  
 

2.11 More Limitations on PQ & PV Controlled DGs 
 
The ultimate expectation from PQ and PV controlled DGs is that when a new reference 
value is applied, the desired power or voltage appear in the output after a short 
transient. To realize that, the following presumptions should be made: 
 

• Capacitor or battery sto rage with their corresponding protections and controls 
are considered in dc side aimed at realizing fast load tracking, 

 
• The power demand is always within the capability of the device. 

 
The first assumption seems to be relevant and acceptable however it is not the case 
with the second one as with this assumption there will be no problem regarding 
generation control in isolated power systems. Because of that, in the models developed 
for isolated power systems, a rating has been considered for each of PQ and PV 
controlled DGS that should never be exceeded. 
 
2.12 Voltage-Frequency (Vf) Control Scheme 
 
As its name suggests, in order to develop a model for voltage-frequency controlled DG 
or in other words a reference DG, two control loops are needed. Voltage control loop is 
more or less the same as the one which previously developed for PV controlled DGS. 
Frequency controller can also be a PI controller which is driven by subtraction of 
system frequency from 50 [Hz]. As shown in Fig.  2.11, frequency of the system can be 
measured by a PLL, and in order to get a better performance, a feed- forward controller 
can be implemented. 
 

 
Fig. 2.11 Frequency regulation part in Vf control scheme  [10]. 
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As the number of DG and control loops increase the speed of simulation will 
drastically reduce, to tackle this problem an ideal structure was considered for the 
reference DG. As a matter of fact the focal interest is to develop a strong reference DG 
to be able to keep the voltage and frequency constant. 
 
2.13 More Detailed Specifications of the Developed Reference 
DG 
 
The main property of the developed reference DG is to be strong enough to keep the 
voltage and frequency constant. However the other considered specifications are the 
following: 
 

• Reference DG can not supply infinite amount of power; in other words it has a 
definite ratings: maxP and maxQ , and voltage and frequency of the system are 
kept constant if and only if the ratings of the DG are not exceeded. 

 
• Reference DG is equipped with voltage reduction logic, meaning that if output 

active and reactive powers of DG exceeded the rating of DG for more than a 
certain time (for instance 1 [s]), then output voltage is switched to 0.9 [pu] 
providing the possibility of power consumption reduction in voltage-dependant 
loads of the system. 

 
• After voltage degradation, a certain time limit (for instance 2[s]) is assumed to 

see its impact on the system. If rating of DG was still exceeded, then the system 
would be lost as the reference DG will no longer be available.  

 
• As the behavior of the reference DG in island mode of operation is particularly 

the matter of concern, transients in grid-connected mode of operation such as 
momentary exceeding the rating of DG was not considered and the 
corresponding protections were not implemented. 

 

2.14 Final Remarks and Conclusions 
 

• To a certain extent the active and reactive power which is supplied by an 
inverter interfaced microsource can be controlled independently. 

 
• PQ, PV, and Vf control schemes are the common schemes which are applied for 

inverter interfaced microsources. 
 

• One of the main problems with isolated systems is the presence of some low-
response and inertia less microsources which necessitates putting some 
compensating devices such as battery storage on dc link to realize fast load 
tracking. 
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• The main assumptions made with all the microsources are: firstly they have 
limited ratings, and secondly some devices like battery storage is put on dc 
link, meaning that the attention can only be focused on inverter control.  
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Chapter 3 
 

Power Generation Control Concepts in 
Isolated Power Systems 
 
 
3.1 Introduction   
 
The ultimate aim is to provide conditions for stable operation of isolated power 
systems. This requires a satisfactory control of active and reactive power flow in the 
system. In other words the balance for generation and demand and consequently 
voltage and frequency in the  system should be kept constant. For this to happen there 
are different approaches which will be discussed in this chapter. 
 
In chapter 1, different control schemes of an individual dispersed generator were 
discussed. This chapter discusses how different DGs interact and contribute to meet the 
requirements of the loads in both grid -connected and islanded operations. General 
ideas concerning generation control in small isolated power systems as well as the 
description of the proposed method are covered. 
 

3.2 Essential Guidelines 
 
Before going into details of power-generation control in microgrids and explaining 
its mechanism, the following set of important points should be taken into 
consideration: 
 

• The number of DGs: When power generation control in an isolated power 
system is talked about, it is important that there is just one DG or multiple DGs 
in the system. 

 
• Connection to the strong ac system: It is important that an islanded system 

(microgrid) is dealt with, or the set of dispersed generators have a connection to 
a strong grid. When there is a connection to a strong grid, there would be a 
reference for voltage and frequency. In case of microgrid operation, one or 
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perhaps more than one of the microsources should play such a role and being a 
reference for voltage and frequency.  

 
• The typical control scheme for inverter interfaced DGs: As discussed in 

previous chapter, the intention is Vf, PQ, and PV control schemes. 
 

• Master-slave operation of units or participation of units in a peer-to-peer 
level: When the re are multiple DGs in the system and only one unit is Vf 
controlled and the other units keep P=const., then this Vf controlled DG unit 
behaves like a master to keep the voltage and frequency, and the other units as 
slave. This is also possible for the units to participate in a peer to peer level. 
This makes sense when droop concept is developed for the units. This issue 
will be more discussed in section 3.6. 

 

3.3 Grasping the Details of Generation Control 
 
Having in mind the points which were raised in section 3.2, the details of generation 
control are investigated through the following cases: 
 
3.3.1 One Stand-Alone Dispersed Generation (Micro source) with no 
Connection to the Grid 
 
The configuration of the system for this case can be like the one which is shown in Fig. 
3.1. 
 

 
 

Fig. 3.1 Stand-alone inverter interfaced DG. 
 

In this case the stand-alone inverter must supply the load with given values of voltage 
and frequency and it must automatically modify the output active and reactive powers 
depending on the load demand. It means that for a stand-alone inverter, voltage and 
frequency should be kept constant and as a consequence Vf control scheme should be 
adopted.  
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3.3.2 Multiple Microsources with no Connection to the Grid 
 
In this case at least one of the microsources should be Vf controlled to perform voltage 
and frequency regulation in the microgrid. However this Vf controlled microsource 
should be suitably sized to be able to perform such desired regulation [5]. The suitably  
sized storage included on the DC bus of this Vf controlled microsource insures fast 
response to any change in power demand (fast load tracking) and stable ac voltage. 
The other microsources may adopt PQ control scheme. 
 
3.3.3 One Stand-Alone or Multiple Microsources Connected to a 
Strong Grid 
 
As in this case there is a reference for voltage and frequency and all the extra demand 
can be covered by the grid, the type of the control scheme for each of the microsources 
is not important. Any of PQ, PV, or Vf control schemes may be adopted. 
 

3.4 Case Study 
 
The previously discussed concepts are now applied in a case study to explain more 
effectively the mechanism of generation control in an isolated power system. 
A distribution system consists of 4 microsources is assumed which are connected to 
the system through voltage source inverters. A perturbed condition happens, for 
example insertion of a load in the system. In such a case, the aim is to study the 
mechanism of generation or power- load control in the system. The following cases are 
considered: 
 

• If the system is connected to a strong grid, and all 4 microsources are PQ 
controlled: 
In this case the required power will be supplied by the strong grid, and the 
control system of inverters behave in such a way that after a short transient, the 
output active and reactive powers of the inverters will be back to their reference 
or scheduled values. Flowing the required power from the strong grid to the 
distribution system will also fix the voltage in the system. The frequency will 
also be fixed at f=50 [Hz] by the strong grid. 

 
• No connection with the strong grid: 

In this case if all 4 microsources were PQ controlled, no change happened in 
reference values, and insertion of the new load deteriorated the balance 
between demand and generation such that total load was larger than the sum of 
units, then voltage collapse would occur.  
If at least one of suitably sized microsources was Vf controlled, then the 
required power would be supplied by this microsource and the voltage and 
frequency would be fixed at their nominal values after a short transient. 
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3.5 Main Problems with Master-Slave Operation of Units 
 
The first problem corresponds to this point that achieving voltage and frequency 
regulation by master unit (Vf controlled), requires high current injection whenever 
such variables (V or f) are perturbed [5]. Because during the event (load variation) in 
microgrid operation, all the regulating power is provided by the master. As its output 
voltage is kept constant, there will be no way except for considerable increase of 
current in order to supply the regulating power. This is true based on this assumption 
that the other units are operating at their rating limits. 
Another problem which can be addressed in this rega rd is related to the reliability of 
the isolated power system as it will depend on the operation of the master unit. If the 
master fails, then the whole system would fall apart. However by increasing the 
number of Vf controlled DGs, the reliability of the system will be enhanced. 
 

3.6 Generation Control Based on “Droop” Concept 
 
The basic idea is to divide the responsibility of regulating power injection to all the 
microsources in isolated power system based on “droop” concept, similar to real power 
system consisting of multiple synchronous generators. 
In real power systems, a droop in the frequency of each generator with the delivered 
active power is introduced. This permits each generator to take up changes in total load 
in a manner determined by its frequency droop characteristics and essentially utilizes 
the system frequency as a communication link between the generators’ control systems 
[7]. Exactly the same concept is applied for the microsources in microgrid. Apart from 
P/f droop, V/Q droop is also defined to insure reactive power sharing between different 
units. 
In this case when a disturbance happens in the system, all the units in the system will 
contribute in providing the required active and reactive powers or in other words all the 
units will participate in a peer-to-peer level. The main advantage is that in a peer-to-
peer environment with n units, if a unit fails, the system has still (n-1) well functioning 
microsources that will keep working. Another important characteristic of this approach 
is that it requires no signal communication between different units, and is just based on 
the information taken from the terminals of each unit. 
Many approaches for power sharing between different DGs based on droop concept 
have been suggested by so far [1, 2, 7, 11, 12, 13, 14] ]. However it seems that the first 
one developed by Chandorkar et al. in 1993 [7]. A short summary of this approach 
with the same notations used in chapter 1, is as follows [7]: 
 
Based on the measured active and reactive powers at the terminals of each unit, new 
setpoints for frequency and voltage are calculated ( )** E,ω . For the frequency setpoint, 
a droop is defined for *P ω− characteristic of each inverter interfaced DG: 
 

( ) ( ).PgPPm iiii
*
i =−−= 00ωω                                         (3.1) 
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where i is the number of unit, 0ω  is the nominal frequency, iP0 is the power rating of 

the ith unit, iP  is the actual loading of the unit, and im  is the slope of the droop 
characteristics of ith unit. The values im  which are numerically negative determine the  
relative active power sharing between the units. If im  for different units are chosen 
such that: 

.Pm...PmPm nn 0022011 ===                                             (3.2) 
 Then for a total power P, the load distribution between the units satisfies the following 
relationship: 

.Pm...PmPm nn=== 2211                                                (3.3) 
 
By choosing the slopes according to Eq. (3.2), it can be ensured that load changes are 
taken up by the units in proportion to their power rating. 
 
The whole idea is that when an extra load is inserted, the voltage phase angle at the 
terminals of each unit changes, resulting in an apparent reduction in local frequency. 
This frequency reduction coupled with a power increase allows for each unit to provide 
its proportional share of power. 
 
In a similar way, the setpoints *

iE for the ac system voltages can be determined from 
drooping reactive power-voltage characteristics ( )EQ −  for the units. This droop 
ensures the desired reactive power sharing between the units and is described by: 
 

( ) ( ).QfQQnEE iiii
*
i =−−= 00                                         (3.4) 

 
Where 0E  is the nominal voltage on the ac system, iQ0  is the nominal reactive power 
supplied by the ith unit, and in  is the slope of the droop characteristic s of ith unit. 
 
 The structure of the controller with the same notation of chapter 1, and considering 
ideal inverter model is shown in Fig. 3.2. 

Fig. 3.2 Control scheme of inverter interfaced DG based on droop concept. 
 

3.7 Proposed Method for Generation Control  
 
The proposed method for generation control in isolated power systems consist of 
inverter interfaced DGs, can be considered in the category of Master-Slave operation 
of units. However in order to remove at least some of the disadvantages associated 
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with the conventional Master-Slave operation, some plans have been devised. So a 
modified Master-Slave operation procedure has been suggested. This method is based 
on the following assumptions: 
 

• At least one of the units is Vf controlled and is called reference DG, but is not 
the only unit which is responsible for supplying the regulating power. The other 
units in the system may be PQ or PV controlled, and may contribute in 
supplying extra power by changing their setpoints. 

 
• There is communication link between the units. So through this link the 

setpoints of the units can be changed. If units operated below their rating, then 
there would be a possibility for injecting more power when the system is 
transferred to island mode, or when a disturbance occurs. It can be achieved by 
changing the setpoints of the units through communication link. Data 
communication between DGs with a present advances in the field of 
communication technology is not a complicated task. 

 
• As many of the loads in the system have voltage-dependant characteristic, there 

is a possibility to reduce the total power consumption in the system by voltage 
degradation for a few percent. It can be achieved by both reference and PV 
controlled DGs. So in this method, voltage degradation has been considered as 
the last alternative for sustaining the system. 

 
3.7.1 More Detailed Description of the Proposed Method 
 
At first it is assumed that all the units in the isolated system operate below their 
ratings. The first disturbance on the system is happened when it is transferred from 
satellite to island operation. If total power consumption is more than generation, the 
reference DG injects more power to the system to meet the requirement of the loads, 
whereas the PQ or PV controlled DGs in the system continue to supply the same power 
as scheduled. When reference DG reaches to its rating value( 1dgmaxP − or 1dgmaxQ − ), it 
communicates with the nearest DG and changes its reference value to the desired 
amount of active or reactive power (Fig. 3.3). If the required power is more than the 
capability of the second DG, its setpoint is adjusted to its rating value and then 
communication is made with the third DG to increase its output to a sufficient extent. 
If there is still a need to extra power then its output will be fixed at its rating value and 
communication will be made with the next DG. This process is continued until 
supplying the required power. In general terms, if reference DG was not able to supply 
the required power, then ( )1dgmaxout PP −−  or ( )1dgmaxout QQ −− would be the power that 
should be shared by other PQ or PV controlled DGs in the system as each of them has 
a potential for power increase by ( )dgnrefdgnmax PP −− −  and ( )dgnrefdgnmax QQ −− − . 
Depending on situation, the active power setpoints of DG2, DG3, … in Fig. 3.3 will be 
set in a proper point between lower and upper limits of PQ capability curves. 
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If after all this process, the required power was not supplied then as the last alternative 
for keeping the system, the voltage is degraded to a few percent by reference DG or 
PV controlled DGs of the system. This process is simplified in the flowchart shown in 
Fig. 3.4. 

 
Fig. 3.3 Illustration of the sequence of data communication between DGs with their PQ 

capability curves. 

 
Fig. 3.4 Simplified proposed method for generation control in isolated power systems. 
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The time delay for commencement of power sharing between different units is just to 
let the system reach the steady-state. If power sharing starts simultaneously with 
islanding instance then due to the transients which occur during islanding, the process 
of power sharing will be done based on wrong information.  
 
It is also possible to extend the proposed method to have more than one reference DG. 
In this case the reliability of the system will be enhanced and just a minor modification 
in the algorithm will be needed. 
 
It is also to be emphasized that since all the controlled DGs in the system are quite fast 
response devices, the communication time delay as addressed in [15, 16] does not 
influence the performance of this method. 
 

3.8 Final Remarks and Conclusion 
 

• One possible solution for generation control in isolated power systems is to 
have some of DGs responsible for demanding power and some of them 
responsible for perturbed conditions to inject the regulating power. It means 
that some of DGs which are connected through VSI should be PQ controlled 
and some Vf controlled. 

 
• Another possible approach is to divide the responsibility of injecting the 

regulating power to all the DGs in the system based on “droop” concept, 
similar to what exists in real power systems consist of multiple synchronous 
generators. 

 
• The proposed method for generation control in isolated power systems is a 

modified Master-Slave operation procedure which is based on data 
communication between DGs,  and utilizing voltage reduction option as the last 
alternative for keeping the system. 
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Chapter 4 
 
Implementation of Inverter Interfaced 
Generation Systems in Simulink/PSB 
Environment 
 
4.1 Introduction 
 
This chapter includes the models in Simulink/PSB environment which have been 
developed for ideal voltage source inverters, their fundamental control schemes, as 
well as a model for reference dispersed generator [17,18]. For relatively large 
microgrids containing multiple microsources, it would be of much interest to have all 
individual blocks just in a unique block. To  satisfy this need, three blocks titled “PQ 
Controlled DG”, “PV Controlled DG”, and “Reference DG” have been developed 
which can later be used for future modeling and simulation of isolated power systems. 
The performance and accuracy of the developed models have been investigated 
through different scenarios and case studies. 
 

4.2 Simulink/PSB as a Modeling and Simulation Tool for 
Power Systems and Power Electronics 
 
The Power System Blockset (PSB) simulation tool uses the MATLAB/Simulink 
environment to represent common components and devices found in electrical power 
networks. In the PSB, the power system is represented in two parts: a state-space 
model for the linear circuit and a feedback model (using current injection) for the 
nonlinear elements. The differential equations of a linear circuit can be written in the 
form of two state equations. In the linear circuit, the state variables are capacitor 
voltages and inductor currents. Inputs are the voltage and current sources, and outputs 
are the measured voltages and currents. Nonlinear elements such as transformers 
saturation branches, varistors, nonlinear inductances, switches and electric machines 
are modeled using nonlinear v-i relations. State variable formulation in PSB allows the 
use of a wide variety of fixed and variable time step integration algorithms. For small 
and medium size systems, variable time steps algorithm are usually faster, however for 
large systems contain many states or nonlinear blocks it is advantageous to discretize 
the electrical system [19]. 
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Another strong point of PSB in power system simulation is the possibility of 
integrating control systems using Simulink blocks, into the power system model, and 
exploiting the computation capabilities of MATLAB during the simulations and in 
post-processing of the simulation results. 
 
4.3 PQ Controlled DG  
 
Details of the models developed for implementation of an ideal voltage source inverter 
and its PQ control scheme can be observed in Fig. 4.1. 
 

 
Fig. 4.1 Simulink/PSB diagram of ideal voltage source inverter model with PQ control 

scheme. 
 
This model consists of the following three main parts: 
 

• Voltage to Angle Converter which in turn consists of three sections; 
transformation of physical “abc” reference frame to stationary “dqn” reference 
frame, calculation of inverter flux vectors, and Cartesian to Polar conversion. 

 
• PI Regulators  together with the blocks used for setting the initial values. 

 
• Ideal Voltage Source Inverters  consist of three controlled voltage sources. 
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The representation of the model shown in Fig. 4.1, in terms of the three mentioned 
blocks will be as shown in Fig. 4.2. 
 

 
Fig. 4.2 Simulink/PSB model of a PQ controlled ideal voltage source inverter 

connected to a stiff ac system. 
 

In order to have a modular representation and simplicity in developing more 
complicated models in the future, all the different blocks shown in Fig. 4.1 are 
summarized in a unique block titled “PQ Controlled DG”. This block which is shown 
in Fig. 4.3, represents an inverter interfaced distributed generator or microsource with 
PQ control scheme assuming a suitably sized battery storage on its dc link. 
 

 
Fig. 4.3 PQ controlled DG Block. 

 

4.4 PV Controlled DG  
 
Details of the model developed for implementation of PV control scheme for an ideal 
voltage source inverter is shown in Fig. 4.4. Some of the models have previously been 
developed. 
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Fig. 4.4 Simulink/PSB diagram of ideal voltage source inverter model with PV control 

scheme. 
 
The same as PQ controlled DG, the block and simplified representation of the model in 
Fig. 4.4, can be shown in Figures 4.5 and 4.6 respectively. 
 
 

 
Fig. 4.5 Simulink/PSB model of a PV controlled ideal voltage source inverter 

connected to a non-stiff ac system. 
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Fig. 4.6 PV Controlled DG Block. 

 

4.5 Reference DG 
 
The Simulink/PSB model of the reference DG with the specifications mentioned in 
sections 12 and 13 of chapter 1, is as shown in Fig. 4.7. 
 

 
Fig. 4.7 Simulink/PSB model of the reference DG. 

 
The other conditions which considered in protection logic of the reference DG are the 
following: 
 

• It is assumed that the reference DG can sustain under overloading conditions 
just for a short period of time. If overloading lasted more than 1 [s], voltage 
reduction should occur. 

• The reason that the voltage degradation is not initiated with overloading is that 
the overloading conditions might be due to some extremely short-duration 
power transients in the system, with no need to voltage degradation of the 
system. 
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• The impact of voltage degradation on the system can not be appeared abrup tly, 

so a time opportunity has been considered (i.e. 2 [s]) to let the system react, 
reach the steady state, and reduction of power consumption be realized. 

 
• The developed protections on reference DG is just for islanded operation. 

Exceeding the output power from the rating of DG in grid-connected operation 
has not been considered, and the relevant protections have not been 
implemented as well.  

 
 
The same as PQ and PV controlled DGs, the simplified representation of the reference 
DG which can be used in future modeling and simulations can be observed in Fig. 4.8. 
 

 
Fig. 4.8 Reference DG Block. 

 

4.6 Final Remarks and Conclusion 
 
Based on the general ideas, concepts, and assumptions raised in chapter 1 and 2, 
models for ideal voltage source inverter, its fundamental control schemes (PQ & PV), 
as well as a model for reference DG and its protection were developed in this chapter. 
The blocks which were developed for “PQ Controlled DG”, “PV Controlled DG”, and 
“Reference DG” will ultimately be utilized for modeling and simulation of an isolated 
power system.  
It should be noted that the ratings of PQ & PV controlled DGs which were previously 
emphasized in section 11 of chapter 1, have not been considered as the separate inputs 
in the relevant blocks. However these two parameters will be taken into consideration 
in the corresponding m- files.  
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Chapter 5  
 
Simulation Output Results for PQ & PV 
Controlled, and Reference Dispersed 
Generators 
 
5.1 Introduction 
 
In this chapter some basic simulations will be done based on the models which were 
developed in chapter 4. Through these simulations the primary evaluation of the main 
components of an isolated power system is realized. 
 
5.2 Output Results for the PQ Controlled DG  
 
For the system shown in Fig. 5.1 in which a PQ controlled DG is connected to a stiff 
ac system, a disturbance load is inserted to the network at t=10 [s]. The aim is to 
investigate the response of the controller and mutual effect of active and reactive 
power controllers. 

 
Fig. 5.1 PQ controlled DG block connected to a stiff ac system. 
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First the response of the controllers when there is no disturbance is shown in Fig. 5.2. 
 

Fig. 5.2 Response of PQ controllers when no disturbance is considered. 
 

Fig. 5.3 shows the response of the controllers when a load with the same size as the 
fixed load is inserted to the network at t=10 [s]. 

 

Fig. 5.3 Response of PQ controllers with (40 [kW], 40 [kVAr]) load inserted  
at t=10 [s]. 

 
 

Fig. 5.4 Response of PQ controllers with an extremely large load (1 [MW], 1 [MVAr]) 
inserted at t=10 [s]. 
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Concerning the results, the following observations can be made: 
 

• Both controllers demonstrate excellent response.  
 

• Reactive power control has a minor impact on active power control, but in the 
scale of the results in Fig. 5.2, it can not be simply observed. However the 
impact of P control on Q contro l can easily be distinguished. At t=2 [s], when P 
tends to increase, there is a bit decrease in reactive power. 

 
• Both P & Q controllers are not influenced by the insertion of the disturbance 

load which has the same value of the fixed load in the system (40 [kW], 40 
[kVAr]), and the outputs are still fixed at 40 [kW] and 40 [kVAr]. As the DG is 
connected to a stiff ac system, any extra power more than that of supplied by 
the DG is provided by the ac system, but the important question is that “can the 
insertion of an extremely large load deteriorate the performance of the 
controllers?”. Fig. 5.4 present a good response to this question which proves 
the excellent robustness of the controllers even if such a huge load is switched 
on to the network. 

  
Fig. 5.5 and 5.6 demonstrate the output results when “load shedding” is considered as a 
disturbance on PQ controlled DG.  
 

 
Fig. 5.5 Response of PQ controller when disturbance is load shedding 

 (40 [kW], 40 [kVAr]) at t=10 [s]. 

 
Fig. 5.6 Response of PQ controller when disturbance is load shedding 

(1 [MW], 1 [MWAr]) at t=10 [s]. 
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It is observed that load shedding even in the range of MW and MVAr as shown in Fig. 5.6  has 
extremely minor impact on the performance of the controllers, and they are still robust in 
providing fixed active and reactive powers. 
 

5.3 Output results for the PV controlled DG  
 
For the system shown in Fig. 5.7 in which a PV controlled DG is connected to a non-
stiff ac system, a disturbance load is inserted to the network at t=10 [s]. The aim is to 
investigate the response of the controller. 
 

 
Fig. 5.7 PV controlled DG block connected to a non-stiff ac system. 

 
The response of PV controllers when there is no disturbance is observed in Fig. 5.8, 
which proves to be quite fast and stable.  
 

Fig. 5.8 Response of PV controllers when no disturbance is considered. 
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Fig. 5.9 and 5.10. show the response of PV controllers when load insertion is 
considered. 

 

 
Fig. 5.9 Response of PV controllers with (40 [kW], 40 [kVAr]) load inserted 

at t=10 [s]. 
 

 
Fig. 5.10 Response of PV controllers with (100 [kW], 100 [kVAr]) load inserted 

at t=10 [s]. 
 

Concerning the last two results, the following observations can be made: 
 

• The main intention of connecting the PV controlled DG to a non-stiff ac system 
is to make possible the evaluation of V-channel performa nce, otherwise a fixed 
voltage might be due to the stiff system and not necessarily due to the operation 
of the V-controller. 

• Just due to this reason that a weak ac system is dealt with (200 [kVA] short-
circuit power), switching large load is not possible. However for two load  



5.3 Output Results for the PV Controlled DG                                                              38 

  

levels the performance of the controllers have been evaluated which prove to be 
fast and stable. 

 
• It is to be emphasized that the response of voltage controller is influenced by 

maxV of inverter, as achieving [ ]puE 1=  may require huge amount of reactive 
power injection or large increase of V that may not be allowed due to limited 
capability of power electronics devices. However in order to get the voltage 
back to 1 [pu] after the disturbance, such limitation was removed in the 
corresponding model. 

 
Fig. 5.11 and 5.12 demonstrate the output results when “load shedding” is considered 
as a disturbance on PV controlled DG. Robustness and stability of the controllers for 
this type of disturbance is also proved. 
 

 
Fig. 5.11 Response of PV controller when disturbance is load shedding   

(40 [kW], 40 [kVAr]). 
 

 
Fig. 5.12 Response of PV controller when disturbance is load shedding   

(40 [kW], 40 [kVAr]). 
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5.4 Output Results for the Reference DG 
 
Based on the model developed in section 5 of chapter 4 for the reference DG, now its 
performance in island mode of operation is evaluated by the model which is shown in 
Fig. 5.13. 

 
Fig. 5.13 A protected reference DG connected to the grid supplying a combination of 

fixed and voltage dependant loads. 
 
Load in the study system shown in Fig. 5.13 is a combination of fixed and voltage 
dependant types. The corresponding equations for the second type of loads are the 
following: 

                                          
nqnp

V
V

QQ
V
V

PP 







⋅=








⋅=

0
0

0
0 ,                                     (5.1) 

For the range of voltage variation considered in this study (not lower than 0.9 [pu]), np  
and nq are both equal to 1. 0V  is initial positive sequence voltage (1 [pu]), and 0P  and 

0Q  are active and reactive powers absorbed by the load at initial voltage. 
As shown in Fig. 5.13 and 5.14, the sequence of the considered events are the 
following: 
 



5.4 Output Results for the Reference DG                                                                      40 

  

• At t=3 [s] the system is transferred from grid-connected (satellite) to island 
mode of operation, and during this time the output power exceeds the rating of 
DG. 

 
• At t=4 [s] the command for voltage degradation is issued as based on the 

developed logic, exceeding the power above  maxP  lasts more than 1 [s]. 
 

• As shown in Fig. 5.14, at t=4.115 [s] the output power is brought below the 
rating of DG. In other words, it takes 0.115 [s] to see the overall impact of 
voltage degradation on the system. 

 
• There is no problem regarding exceeding of reactive power rating of DG in 

both satellite and islanded modes of operation.  
 

 
Fig. 5.14 Sequence of events for the system shown in Fig. 7. 

 
Fig. 5.15 shows the output variables of the reference DG. After voltage degradation 
both active and reactive powers of DG reach to their steady state values in less than 0.5 
[s] which are both below the rating of DG. 
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Fig. 5.15 Output variables of the reference DG in island mode. 

 
5.5 Final Remarks and Conclusion 
 
This chapter presented the primary evaluation of the models which were developed in 
chapter 3 for PQ & PV controlled and reference DGs. As a matter of fact, the proper 
performance of the main components of an isolated power system was verified in this 
chapter. More specific and detailed results will be presented in chapter 7, where a real 
isolated power system is modeled and simulated.  
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Chapter 6 
 
Analysis of Voltage Degradation on 
Power Load Control in Isolated Power 
Systems 
 
6.1 Introduction 
 
In this chapter the effect of voltage degradation on power-load control in isolated 
power systems is examined. The studies are started with a simple model consists of a 
diesel-driven synchronous machine and then step by step more complicated 
configurations with PQ and PV controlled DGs are considered and the interaction of 
different components are analyzed. In all the developed models the responsibility of 
frequency control is assigned to a synchronous machine.  
The ultimate aim is to find a configuration in which the implementation of voltage 
degradation idea is more applicable and has the most influential impact. 
 

6.2 Isolated Systems without Inverter Interfaced DGs 
 
In order to study the effect of voltage degradation on power load control in isolated 
power systems, a simple model with no inverter interfaced DG is firstly examined. 
This model which is shown in Fig. 6.1 consists of only one diesel-driven synchronous 
machine (350 [kVA]) with its speed and voltage control, one fixed load (100 [kW]) 
and one voltage-dependant load (300 [kW], 60 [kVAr]). 

 
Fig. 6.1 Simulink/PSB model of a small power system consists of a diesel-driven 

synch. machine with fixed and V-dependant loads. 
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6.2.1 System Initialization 
 
All the models which contain synchronous machines should be initialized. The 
initialization should be done for “synchronous machine”, “excitation system block”, 
and also for one of the following depending on the type of system: 
 

• Hydraulic Turbine and Governor (HTG), 
 

• Steam Turbine and Governor (STG), 
 

• Diesel Engine and Governor (DEG). 
 
In fact the “synchronous machine” as well as “excitation system” and “HTG, STG, or 
DEG” must be initialized according to the values calculated by the load flow. So the 
first step would be running the load flow to: 
 

• Initialize machine currents, 
 

• Initialize the mechanical power ( )mP  of HTG, STG, or DEG, 
 

• Initialize the value of terminal voltage ( )tV   and field voltage ( )fV  of excitation 
system.  

 
6.2.2 Transferring to Island Operation 
 
It is quite evident that since the demand is greater than generation in island mode, 
voltage collapse happens and the system can not be sustained.  
Another important point to be addressed here is the “minimum acceptable frequency” 
in the system. What is raised in different standards like 49.5 [Hz] corresponds to 
steady-state conditions. In other words, 0.5 [Hz] or .01 [pu] frequency deviation is 
acceptable in steady-state however this deviation may be exceeded for a short and 
limited period of time. As in this stud y the aim is just to compare the response speed of 
synchronous machines and inverter interfaced DGs, in order to consider more 
restricted conditions, this special value (.01 [pu]) has also been taken into account for 
transient conditions. 
 
6.3 Impact of Voltage Degradation on Isolated Systems with 
no Inverter Interfaced DGs 
 
In this section the impact of voltage degradation on power- load control and frequency 
of isolated power systems is examined. As shown in Fig. 6.2, when the frequency 
deviation reaches to 0.01 [pu] the reference voltage of the synchronous machine is 
changed to 0.9 [pu] to have reduced power consumption by the V-dependant loads of 
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the system and making the balance between generation and demand and consequently 
sustaining the system. 

 
Fig. 6.2 Simulink/PSB model of a small power system consists of a diesel-driven 

synch. machine with fixed and V-dependant loads, enhanced with voltage degradation 
logic. 

 
It is observed in Fig. 6.3 that the minimum acceptable frequency (considering the 
comment in 6.2.2) is exceeded for a relatively short time and then the frequency 
deviation is put in an acceptable level. But there are still two problems here. The first 
one is the frequency oscillations and the second one is that the machine is still 
overloaded to a bit extent. The reason for frequency deviation is behind the fluctuation 
of trefV between 0.9 and 1 [pu]. When ωd  reaches to .01 [pu], trefV reduces to 0.9 [pu] 
and after a short time it affects the power consumption of the V-dependant load and 
ultimately this will have a positive effect on frequency deviation and then trefV is 
changed to 1 [pu]. 
 

 
Fig. 6.3 Output results for the model shown in Fig. 6.2. 
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In order to tackle the problem of frequency oscillations, a logic which is shown in Fig. 
6.4 was developed. Based on that, when the frequency deviation reaches to .01 [pu], 

trefV is kept constant at 0.9 [pu]. In fact this block which is named hereafter “Voltage-
Based Frequency Modifier”, decides when and to what extent the voltage should be 
reduced, based on the speed deviation of the machine which controls the frequency of 
isolated system. The fixed load on bus B1 was also changed to 80 [kW]. 
 

 
Fig. 6.4 Voltage-based frequency modifier. 

 
As shown in Fig. 6.5, there is no trace of frequency oscillation, minω is .967 [pu], and 
after  about 4 [s] the frequency is greatly improved. The output apparent power of the machine 
is 354 [kVA] (with PF=.99) which is quite acceptable. This case study shows how voltage 
degradation can help sustain the system.  
 

 
Fig. 6.5 Output results for the model shown in Fig. 6.2 enhanced with voltage-based frequency 

modifier and reduced load on bus B1. 
 

The common problem with the previously developed models is that when the command for 

trefV  reduction is issued, it takes time to appear its impact on terminals voltage and 
consequently affects the  power consumption of the loads and during this time interval 
the frequency will further reduce. One possible solution might be reducing the value of 

ωd  at which the command for voltage degradation should be issued. However this 
solution was tried out and it was found that it has not considerable effect that much. If 

mindω in voltage-based frequency modifier (Fig. 6.4) is set at .0001 [pu], then minω will 

be 0.9689 [pu] (compared to 0.967 [pu] in previous case when mindω  is 0.01 [pu]). 



6.4 Impact of Voltage Degradation on … Synchronous Machines and PQ Controlled DGs    47 

  

In general terms, when the system is transferred to island mode of operation with no 
sufficient generation capacity, frequency reduces abruptly with a sharp slope, and in 
this case reducing the power consumption of the system through reducing the output 
voltage of synchronous machine would not be a very feasible solution as there is an 
intrinsic time delay.  
The fastest response which was achieved by setting the parameters of AVR can be 
observed in Fig. 6.6. 
 

 
 

Fig. 6.6 The best response achieved based on AVR setting. 
 

It is observed that it takes more than 3 [s] for voltage to settle at 0.9 [pu]. This sluggish 
response may cause some problems for power-load control in a specific configuration 
and makes the voltage degradation endeavor ineffective.   
 
6.4 Impact of Voltage Degradation on Isolated Systems 
Consists of Synchronous  Machines and PQ Controlled DGs 
 
In this section, the impact of voltage degradation on power- load control is examined 
when both of synchronous machines and PQ controlled DGs contribute to supply the 
loads in the system. In all the developed models with inverter interfaced DGs, it is 
assumed that there is no change in their settings and in fact DGs are operating at their 
rating capacity. 
 
6.4.1 Grid-Connected Operation 
 
In the model which is shown in Fig. 6.7, the aim is to study the behavior of a system in 
island operation, consists of one diesel-driven synchronous machine, one PQ 
controlled DG, and combination of fixed and V-dependant loads. But first the 
performance of the system in particular the one for PQ controlled DG in grid-
connected operation is examined. 
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Fig. 6.7 Simulink/PSB model of a small power system connected to the grid consists of 
a diesel-driven synch. machine, a PQ controlled DG, with different types of loads. 

 
The output results just for grid -connected operation are shown in Fig. 6.8 in which the 
proper performance of DG controllers can easily be observed.   
 

 
Fig. 6.8 Output variables of the system shown in Fig. 6.7 during 10 [s] in grid-

connected operation.  
 
6.4.2 Transferring to Islanded Operation 
 
Fig. 6.9 shows the output variables of the system while at t=3 [s] the system is 
transferred to island mode of operation.  
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Fig. 6.9 Output variables of the system shown in Fig. 6.7 during 10 [s] when at t=3 [s] 

the system is transferred to island operation (without voltage degradation). 
 
Concerning the results shown in Fig. 6.9, the following observations can be made: 
 

• The speed controller of synchronous machine is able to bring the frequency 
back to 1 [pu], but the process of frequency recovery is quite sluggish. minω  is 
0.9115 [pu], and if 49.5 [Hz] (0.99 [pu]) is assumed as the minimum acceptable 
frequency then during 3.2 [s] the minimum acceptable frequency is exceeded. Based 
on a specific standard, these conditions may not be acceptable and may lead to tripping 
the machine and loosing the system. 

 
• When the system is transferred to island operation, a sharp increase in terminals 

voltage of synchronous machine occurs. It is observed that this voltage is about 2 [s] 
above 1 [pu], and consequently it has an undesired effect on frequency as the power 
consumption increases during this time period. 

 
• It takes 45 [ms] for speed to reduce to 0.99 [pu] (the minimum acceptable frequency), 

and of course it would be quite difficult to control the frequency in this short period of 
time. However based on different standards, exceeding the minimum acceptable 
frequency is permitted just for a certain time period. 

 
• Due to the interaction of active power and frequency, it is observed that during the 

time interval that frequency is lower than 1 [pu], the performance of P channel of DG 
deteriorates. The more frequency deviation, the more P-channel deterioration.  

 
6.4.3 Transferring to Islanded Operation with Degraded Voltage 
Consideration 
 
After having studied the results shown in Fig. 6.9, now the impact of voltage 
degradation on frequency stabilization is examined when the responsibility of 
frequency control is assigned to diesel-driven synch. machine. So  a voltage-based 
frequency modifier is just added to the model shown in Fig. 6.7 (smdg1.mdl). The 
configuration of the system in this case can be observed in Fig. 6.10. 
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Fig. 6.10 Simulink/PSB model of a small power system connected to the grid consists 
of a diesel-driven synch. machine, a PQ controlled DG, with different types of loads, 

enhanced with voltage-based frequency modifier. 
 

 
6.4.4 More Details on Voltage-Based Frequency Modifier 
 
After the command for voltage degradation is issued, it takes time that AVR acts, the 
reduced voltage (0.9 [pu]) appears on synchronous machine terminals, and finally the 
reduction of power consumption of V-dependant loads be realized. Therefore reduction 
of trefV just at the instance when ωd  reaches to 0.01 [pu] would be futile. So the value 

of ωd  at which the voltage should be reduced ( *dω ) has to be selected lower than 
0.01 [pu]. That is why *dω has been considered as an additional inputs of voltage-based 
frequency modifier. It is also to be pointed out that in the simulations, changing the 
gain of AVR was also tried out which had no considerable effect. 
 
Fig. 6.11 shows the output results for *dω =.0015 [pu]. 
 
 
 



6.5 Impact of Voltage Degradation on … Synchronous Machines and PV Controlled DGs    51 
 
 

  

 
Fig. 6.11 Output results for the model shown in Fig. 9, with *dω =.0015 [pu]  

(with degraded voltage). 
It is found from Fig. 6.11 that: 
 

• minω =.9826 [pu] (compared to minω =.9115 [pu] in Fig. 6.9 without voltage 
degradation) which is quite near to minimum acceptable frequency.  

 
• It takes 2.5466 [s] to get the frequency back to 1 [pu]. 

 
• As the frequency deviation is smaller compared to Fig. 6.9, the deterioration of P-

channel for DG is quite small.  
 

6.5 Impact of Voltage Degradation on Isolated Systems 
Consists of Synch. Machines and PV Controlled DGs 
 
The model which is shown in Fig. 6.12 is just the same as the one shown in Fig. 6.7 
(smdg1.mdl) but PQ controlled DG is replaced with PV one.  

 

 
 

Fig. 6.12 Simulink/PSB model of a small power system connected to the grid consists 
of a diesel-driven synch. machine, a PV controlled DG, with different types of loads. 



6.5 Impact of Voltage Degradation on … Synchronous Machines and PV Controlled DGs    52 
 
 

  

6.5.1 Transferring to Islanded Operation 
The output results are shown in Fig. 6.13 when the system is transferred to island 
operation at t=3 [s]. 
 

 
 

Fig. 6.13 Output variables of the system shown in Fig. 11 during 10 [s], when at t=3 [s] 
the system is transferred to island operation. 

 
Compared with the model shown in Fig. 6.7 (with PQ controlled DG), this model has a 
better performance from the viewpoint of frequency. In Fig. 6.7 (smdg1.mdl), after the 
system is transferred to island mode of operation, the terminal voltage of synchronous  
machine is above 1 [pu] for about 2.5 [s]. It in turn affects the voltage of V-dependant 
load which has no voltage regulator device. Increased voltage of dynamic load causes 
more power consumption and as a consequence it would have an adverse effect on the 
frequency of the system. But in the model shown in Fig. 6.12 (smdg3.mdl), V-
dependant load is directly connected to PV controlled DG and as in this case the 
voltage is more fixed compared with the model in Fig. 6.7 (smdg1.mdl), there will be 
lower power consumption and consequently it has a positive impact on frequency of 
the system. It is observed that only for 0.5 [s] the terminal voltage of synch. machine 
as well as PV controlled DG is above 1 [pu], compared with 2.5 [s] in Fig. 6.7. As no 
change made in AVR of the synchronous machine, this result is just due to the 
operation of the PV controlled DG. 
 
6.5.2 Load Increase 
 
As with PV controlled DG, there is a better situation from frequency point of view, in 
order to consider a more critical case the value of  “fixed load1” increased to 115 
[kW]. Performed simulations for this case resulted minω =.9182 [pu], and it took 4.4 [s] for 
frequency to get back to 1 [pu]. 
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6.5.3 Transferring to Islanded Operation with Degraded Voltage 
Consideration 
 
For this section the developed model shown in Fig. 6.14 is considered. As with PV 
controlled DG, it is predicted that the impact of voltage degradation appears much 
faster than that of synchronous machine, so there is no need to issue the command of 
voltage degradation very soon. In this case, *dω is set to .01 [rad/s] compared with 
.0015 [rad/s] in the model shown in Fig. 6.10 with PQ controlled DG. 
 

 
Fig. 6.14 Simulink/PSB model of a small power system connected to the grid 
consists of a diesel-driven synch. machine, a PV controlled DG, with different 

types of loads, enhanced with voltage-based frequency modifier. 
 

The output results are shown in Fig. 6.15. 
 

Fig. 6.15 Output results for the model shown in Fig. 6.14 (degraded voltage). 
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Concerning the results shown in Fig. 6.15, the following observations can be made: 
 

• minω  is 0.9803 [pu], which is quite near to assumed minimum acceptable frequency. 
 

• PV controlled DG behaves quite fast and the voltage sharply reduces to 0.9 [pu] at t=3 
[s]. The reduction of power consumption of V-dependant load will therefore be quite 
fast. 

 
• It takes 1.4293 [s] to bring the frequency back to 1 [pu]. 

 
 

6.6 Final Remarks and Conclusion 
 

• In this chapter the effect of voltage degradation on power-load control in isolated 
power systems was examined in detail. Voltage degradation can be done by both 
synchronous machines and V-channel of PV controlled DGs as well as reference DG.  

 
• Due to “relatively” sluggish behavior of the synchronous machines, it is very 

important to issue the command for voltage degradation in a proper instance.  
Degradation of voltage just when the frequency reaches to its minimum 
acceptable level might be quite futile and loosing the system might be inherent. 
Just for this reason, a block named “voltage based frequency modifier” was 
developed that decides when and to what extent the voltage should be reduced. 
One of its inputs *dω  is the critical value of speed deviation at which the 
voltage should be degraded. Performed studies showed that *dω  should be 
chosen much lower than the minimum acceptable frequency deviation ( mindω ) 

(for instance *dω =.0015 [pu] whereas mindω =.01 [pu]). The main weak point 
of this logic is that such frequency deviation in that order (.0015 [pu]) can 
simply be happened by switching a load in the system and not necessarily due 
to transferring to island operation. 

 
• Performed studies proved that due to sluggish behavior of synchronous 

machines compared to fast response inverter interfaced DGs, it is much more 
feasible to implement the idea of voltage degradation on inverter interfaced 
DGs rather than synchronous machines. This idea can be implemented on either 
PV controlled DGs or on reference DG in isolated systems. 

 
The advantages with PV controlled DGs are the following: 
 

• When the system goes to island mode, machine’s voltage deteriorates and it 
goes up above 1 [pu] until the AVR brings it back to 1 [pu]. But the key point 
is that the time interval in which the voltage is above 1 [pu] is relatively much 
longer than the case when there is a PV controlled DG in the system (for 
instance 2 [s] compared to 0.4 [s]). Therefore the undesired effect of increased 
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voltage on total power consumption of the isolated system will be much lower. 
 

• In the absence of PV controlled DG, when the isolated system merely consists 
of synchronous machine and PQ controlled DG, the frequency recovery process 
lasts longer. Its direct result is that the time interval that P-channel of DG 
deteriorates is longer that may cause the protection of DG functioning and 
consequently tripping might occur. With PV controlled DG, there is also P-
channel deterioration but it lasts shorter and as a consequence the probability of 
device trip is lower.  
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Chapter 7 
 
 
Implementation of a Generation Control 
System in an Isolated Power System 
with Degraded Voltage Consideration 
 
 
7.1 Introduction 
 
A method for generation control in isolated power systems with degraded voltage 
consideration was proposed in section 7 of chapter 4. In this chapter, PSB/Simulink 
implementation of that proposed method is presented and applied to a small isolated 
power system consists of one reference and two PQ controlled DGs with a 
combination of different types of loads. The effectiveness of the method and developed 
model will be evaluated through some case studies. 
 
 

7.2 Description of the Study System 
 
The considered small isolated power system as shown in Fig. 7.1, consists of three 
dispersed generators; one as a reference DG responsible for keeping the voltage and 
frequency in the system by injecting the required amount of active and reactive power, 
and two PQ Controlled DGs supplying the system with the fixed amount of P and Q as 
specified by their reference values. 
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Fig. 7.1 Configuration of the small isolated power system. 

 
At the terminals of each PQ controlled DGs a combination of fixed and motor loads 
have been considered. At bus no. 2 (.38 [kV]), the main loads of the system consisting 
of a V-dependant together with a fixed one are placed. The value of total demand in 
the system excluding the disturbance load is 564 [kW] and 180 [kVAr]. 
Each of the DGs in the system has its own rating value ( maxmax Q,P ) which are specified 
in Fig. 7.1. The PQ controlled DGs supply the system with a fixed P & Q lower than 
their rating values with the possibility of changing their setpoints, and the reference 
DG (no. 1) is able to change its output power to meet the requirement of the load in the 
system before reaching to its rating limits ( 11 dgmaxdgmax Q&P −− ). 
In grid-connected operation, there is no problem concerning power generation control, 
as the required power can easily be supplied by the grid. The main problem arises 
when the system is transferred to island operation, and also when a disturbance occurs 
in island mode.  
It is assumed that the PQ controlled DGs operate below their rating values. So in case 
of need, it is possible to feed more power to the system by applying proper commands 
to these DGs. The reference DG as the brain of the system will decide when and to 
what extent change the reference values of PQ controlled DGs, or degrade the voltage 
as the last alternative to sustain the system.  
The important instances in the system are also the following: 
 

• t=3 [s], when the system is transferred to island operation, 
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• t=4.4 [s], when the proper commands for reference values of DG2 and DG3 are 
issued. So with regard to subsection 7.1 of chapter 3, the time delay is 
considered to be 1.4 [s]. This value was obtained through performing 
simulations with different settings. 

• t=6 [s], when a disturbance load (20 [kW], 5 [kVAr]) is applied, 
• t=6.5 [s], when new commands for reference values of DG2 and DG3 are 

issued by reference DG. As the level of disturbance at t=6 [s] is relatively far 
less severe than the one at t=3 [s] when the system is transferred to island 
operation, 0.5 [s] time delay proved to be sufficient. 

• It is also assumed that the reference DG can tolerate overloading for 2 [s] in 
island operation.  

 
7.3 Logic of the Control System 
 
With regard to the general description raised in section 7 of chapter 3, the control 
system is based on measurement of the variables at the  terminals of reference DG, as 
well as the communication link between reference DG and the other DGs in the 
system. When a disturbance happens (transferring to island mode or insertion of a 
load), reference DG will response and increase its output power. When it reaches to its 
rating limit, then it will communicate with the nearest DG to increase its output to the 
required level to meet the demand. It will be done through changing the reference 
points of the nearest DG. If the second DG reached to its rating limit, then 
communication would be made with DG no. 3. If the third DG reached to its rating 
limit, but there was still need to extra power, then reference DG would decide to 
degrade the voltage of the system, resulting the decrease of total power consumption in 
the system. As there is no source for supplying the extra active or reactive power, 
voltage degradation would be the last option to sustain the system. The Simulink/PSB 
model of the control system is shown in Fig. 7.2.  

 
 

Fig. 7.2 Simulink/PSB model of the generation control system for the isolated system 
shown in Fig. 7.1. 
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As shown in Fig. 7.2, “dgshare1_fcn” is the main control function of the system, 
generating the proper setting for PQ controlled DGs as well as voltage degradation 
command. The second function “dgshare1_fcn2” corresponds to protection of the 
reference DG. 
The initial values of the variables such as the ratings of DGs as well as initial PQ 
reference values of PQ controlled DGs have been saved in model initialization function 
of model properties. 
 

7.4 Operation Assessment of the Components 
 
All the components of the isolated power system in Fig. 7.1, have previously been 
evaluated and their performance have been verified, except for the asynchronous 
machines on buses 3 and 4. 
The corresponding simulation aimed at verifying the desired operation of these 
machines together with the output expected results are reflected in Fig. 7.3. 
 

 
Fig. 7.3 Operation assessment of the asynchronous machines on buses 3 & 4. 

 

7.5 Case Studies 
 
The accuracy and effectiveness of the proposed generation control method was verified 
through performing some case studies. For each case it is possible to fix the generation 
and change the demand or fix the demand and change the generation to see how the 
regulating power would be supplied by the other DGs in the system. In this study the 
second one was adopted, i.e. for each case a distinctive rating for the reference DG was 
considered. 
In each case study, the issued PQ reference commands as well as the output powers of 
DGs are shown to examine the performance of the controllers and see how effectively 
the reference values are followed. 
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7.5.1 Case Study No. 1 
 
The data for this case is as reflected in table 7.1. Sequence of events, system status, and 
power sharing output results are observed in Fig. 7.4 and 7.5. 

 
Table 7.1 Reference DG ratings and its output power after power sharing. 

Ratings of Reference DG Output Power of Ref. DG after 
Power Sharing 

Pmax-dg1 [kW] Qmax-dg1 [kVAr] Pout-dg1 [kW] Qout-dg1 [kVAr] 
500 170 479.6 166.5 

 

 
Fig. 7.4 Sequence of events and system status for case study no. 1. 

 

 
Fig. 7.5 Output results of power sharing between PQ controlled DGs in the system 

shown in Fig. 7.1 for the case study no. 1. 
 

It is observed in figures 7.4 and 7.5 that all the regulating power has been supplied by 
the reference DG and there is no need to power increase of PQ controlled DGs as well 
as voltage degradation in the system. It is worth noting that both P and Q channel of 
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PQ controlled DGs have been influenced by the first disturbance to a minor degree, but 
it is not the case with the second one as it is quite a weak disturbance compared to 
transferring the system to island mode. 
 
7.5.2 Case Study No. 2 
 
The data for this case is as reflected in table 7.2.  Sequence of events, system status, 
and power sharing output results are observed in Fig. 7.6 and 7.7. 

 
Table 7.2 Reference DG ratings and its output power after power sharing. 

Ratings of Reference DG Output Power of Ref. DG after 
Power Sharing 

Pmax-dg1 [kW] Qmax-dg1 [kVAr] Pout-dg1 [kW] Qout-dg1 [kVAr] 
450 140 448.8 138.6 

 
 

 
Fig. 7.6 Sequence of events and system status for case study no. 2. 

 
 
It is observed in Fig. 7.7 that the reference DG can not afford the regulating power for 
both disturbances. After the first disturbance, communication has been done at t= 4.4 
[s] with DG2 to increase its active and reactive powers to 72.65 [kW] and 28.75 
[kVAr] respectively. After the second disturbance, at t=6.5 [s] communication has 
been done again with DG2 and ultimately its output has been fixed at 90.83 [kW] and 
37.73 [kVAr]. 
It is also observed that there is no need to contribution of DG3, as there is still a good 
margin with the ratings of DG1 (100 [kW], 40 [kVAr]). 
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Fig. 7.7 Output results of power sharing between PQ controlled DGs in the system 

shown in Fig. 7.1 for the case study no. 2. 
 

 
7.5.3 Case Study No. 3 
 
The data for this case is as reflected in table 7.3. Sequence of events, system status, and 
power sharing output results are observed in Fig. 7.8 and 7.9. 
 
It is observed in Fig. 7.9 that for the first disturbance the contribution of DG2 in P-
channel is sufficient, as it increases its output to 92.65 [kW], but it is not the case with 
Q-channel. After the first disturbance when the system is transferred to island 
operation, DG2 increases its output reactive power to its rating value (40 [kW]), but 
there is still a need to reactive power, so DG3 contributes and increases its output to 
13.75 [kVAr]. 
With the second disturbance, DG2 increases its output in P-channel to its rating value 
(100 [kW]), as well as DG3 to 40.91 [kW]. Q-channel of DG3 also increases to 22.69 
[kVAr]. It is observed that there is still generation capacity in DG3, and no need to 
voltage degradation in the system.  
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Table 7.3 Reference DG ratings and its output power after power sharing for case 

study no. 3. 
Ratings of Reference DG Output Power of Ref. DG after 

Power Sharing 
Pmax-dg1 [kW] Qmax-dg1 [kVAr] Pout-dg1 [kW] Qout-dg1 [kVAr] 

430 125 428.7 123.7 

 
 

 
Fig. 7.8 Sequence of events and system status for case study no. 3. 

 

Fig. 7.9 Output results of power sharing between PQ controlled DGs in the system 
shown in Fig. 7.1 for the case study no. 3. 
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7.5.4 Case Study No. 4 
 
The data for this case is as reflected in table 7.4. Sequence of events, system status, and 
power sharing output results are observed in Fig. 7.10 and 7.11. 
 

Table 7.4 Reference DG ratings and its output power after power sharing for case 
study no. 4. 

Ratings of Reference DG Output Power of Ref. DG after 
Power Sharing 

Pmax-dg1 [kW] Qmax-dg1 [kVAr] Pout-dg1 [kW] Qout-dg1 [kVAr] 
410 125 408.7 123.7 

 

 
Fig. 7.10 Sequence of events and system status for case study no. 4. 

 

Fig. 7.11 Output results of power sharing between PQ controlled DGs in the system 
shown in Fig. 7.1 for the case study no. 4. 
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It is observed in Fig. 7.11 that with the first disturbance, DG2 is put at its rating limits 
in both P and Q channels. With the second disturbance, DG3 is also put at its rating 
limit in just P channel, and the demand for active power is satisfied with no need to 
voltage degradation. It can be better realized by examining “Pexceed status for 
reference DG” in Fig. 7.10. So after the second disturbance, both PQ controlled DGs 
operate at their rating capacities. 
There is still free capacity in DG3 for reactive power as with the second disturbance, 
output reactive power of DG3 increases to 22.56 [kVAr] compared to its rating 30 
[kVAr] value. 
 
7.5.5 Case Study No. 5 
 
The data for this case is as reflected in table 7.5. Sequence of events, system status, and 
power sharing output results are observed in Fig. 7.12 and 7.13. 
 

Table 7.5 Reference DG ratings and its output power after power sharing for case 
study no. 5. 

Ratings of Reference DG Output Power of Ref. DG after 
Power Sharing 

Pmax-dg1 [kW] Qmax-dg1 [kVAr] Pout-dg1 [kW] Qout-dg1 [kVAr] 
400 125 356.7 104.9 

 

 
Fig. 7.12 Sequence of events and system status for case study no. 5. 

 
In this case there is no problem concerning reactive power supply, since the required 
reactive power is properly shared between PQ controlled DGs, but it is not the case in 
P-channel. After the first disturbance, DG2 increases its output active power to its 
rating capacity (100 [kW]), and DG3 to 52.66 [kW] with a small margin to rating limit 
(60 [kW]). With the second disturbance, DG3 supply its remaining active power 
capacity and fixes its output at rating limit, but as it is not sufficient, the voltage 
degradation command is issued and ultimately the output active power of reference DG 
reduces to 356.7 [kW]. This case study shows how voltage degradation can help 
sustain the system.  
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Fig. 7.13 Output results of power sharing between PQ controlled DGs in the system 
shown in Fig. 7.1 for the case study no. 5. 

 
It would also be informative to check the voltage profile at different buses in particular 
buses 3 and 4 to see whether it drops to unacceptable level after voltage degradation by 
reference DG or not. The results are shown in Fig. 7.14 which proves to be acceptable. 
 
 

 
Fig. 7.14 Voltage profile at different buses for case study no. 5. 
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7.5.6 Case Study No. 6 
 
The data for this case is as reflected in table 7.6. Sequence of events, system status, and 
power sharing output results are observed in Fig. 7.15 and 7.16. 
 

Table 7.6 Reference DG ratings and its output power after power sharing for case 
study no. 6. 

Ratings of Reference DG Output Power of Ref. DG after 
Power Sharing 

Pmax-dg1 [kW] Qmax-dg1 [kVAr] Pout-dg1 [kW] Qout-dg1 [kVAr] 
410 115 356.1 97.43 

 

 
Fig. 7.15 Sequence of events and system status for case study no. 6. 

 

Fig. 7.16 Output results of power sharing between PQ controlled DGs in the system 
shown in Fig. 7.1 for the case study no. 6. 
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In this case occurring the disturbances force the PQ controlled DGs operate at their 
rating limits but with regard to the results of case study no. 4, active power demand is 
totally satisfied but this time the need to extra reactive power is the cause for issuing 
the voltage degradation command as there is no free capacity of reactive power in PQ 
controlled DGs. This case study also proves the effectiveness of voltage degradation as 
a mean to sustain the system. 
 
The voltage profile at different buses are also shown in Fig. 7.17 which are quite 
acceptable even after voltage degradation by the reference DG. 
 

 
Fig. 7.17 Voltage profile at different buses for case study no. 6. 

 
7.5.7 Case Study No. 7 
 
The data for this case is as reflected in table 7.7. The values of output power of 
reference DG corresponds to t=8 [s] when the system is lost.  
Sequence of events and system status are observed in Fig. 7.18. It is observed that with 
the first disturbance the voltage degradation command is issued. 
 

Table 7.7 Reference DG ratings and its output power after power sharing for case 
study no. 7. 

Ratings of Reference DG Output Power of Ref. DG after 
Power Sharing 

Pmax-dg1 [kW] Qmax-dg1 [kVAr] Pout-dg1 [kW] Qout-dg1 [kVAr] 
350 115 356.1 103.3 
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Fig. 7.18 Sequence of events and system status for case study no. 7. 

 
Although with the first disturbance the system is still sustained with voltage 
degredation, it is placed in a critical situation as with the second disturbance the system 
is lost at t=8 [s]. Because the reference DG has passed its active power rating limit for 
2 [s] after occurring the second disturbance at t=6 [s] and based on protection logic the 
DG should be tripped. 

 

7.6 Final Remarks and Conclusion 
 
This chapter presented the PSB/Simulink implementation of the method which was 
proposed in chapter 2 for power generation control in a small isolated power system 
consists of inverter interfaced DGs. The case studies results presented indicate that 
when a disturbance such as transferring to island or switching a load in island mode 
happens in the system, how the regulating power is effectively shared between the 
different DGs which have free generation capacity, and how voltage degradation as the 
last option can help sustain the system when there is no generation capacity in the 
system. 
Although for this study voltage degradation was performed by the reference DG, it can 
also be done by PV controlled DGs in the system as similar situations presented in 
chapter 6.  
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Chapter 8 
 

Conclusions 
 
8.1 Results of the Thesis 
 
The main task of this thesis was to propose a generation control method in an isolated 
power system composed of multiple inverter interfaced DGS, meaning that if the 
system transferred to island mode or if any other types of disturbance happened in the 
system, the regulating power should be properly shared and full exploitation of the free 
generation capacity in the system should be realized. Furthermore voltage degradation 
was proposed as the last alternative for sustain ing the system if all the DGS in the 
system reached to their rating limits. As a matter of fact the proposed method in this 
thesis was a modified Master-Slave operation procedure which was based on data 
communication between DGS, and utilizing voltage degradation option as the last 
alternative for sustaining the system. 
 
Models for ideal voltage source inverter, its fundamental control schemes (PQ & PV), 
as well as a model for reference DG and its protection were developed. These models 
that titled “PQ Controlled DG”, “PV Controlled DG”, and “Reference DG”, after 
verification of their performance were utilized for modeling an isolated power system. 
The idea of voltage degradation and its impact on power- load control in isolated power 
systems was examined in detail. Performed studies proved that due to sluggish 
behavior of synchronous machines compared to fast response inverter interfaced DGS, 
it is far more feasible to implement the idea of voltage degradation on systems 
composed of inverter interfaced DGS ra ther than those with only synchronous 
machines. However voltage degradation can be done by both synchronous machines and V-
channel of PV controlled DGs as well as reference DG. The case studies results indicated 
that when a disturbance such as transferring to island or switching a load in island 
mode happens in the system, the regulating power is effectively shared between the 
different DGS with free generation capacity, and also proved the feasibility of voltage 
degradation as the last option to help susta in the system when there is no generation 
capacity in the system. 
 
 
8.2 Possible Further Developments 
 
In section 6 of chapter 3, a short introduction of a generation control method based on 
droop concept was presented. By so far, many methods based on this concept have 
been suggested. Another possible contribution in this field is to enhance one of these 
methods with voltage degradation idea. However by the results of this study, many 
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steps have previously been taken and the developed models can simply be utilized for 
that.  
 
In the proposed method no constraints considered during power sharing between 
different DGS. Once a disturbance happened, communication is performed with the 
nearest DGS. In order to consider more realistic situation, some constraints such as 
power quality indices, system losses, or generation price for each of DGS can be 
considered in the algorithm. In other words this question should be answered that what 
would be the optimum sequence of DGS contribution in power sharing process to have 
minimum losses and better power quality indices with minimum expense in isolated 
system? 
 
After voltage degradation a free capacity is emerged in the system. In a specific 
system, it is quite possible that this capacity becomes more than required as it was also 
observed in some of the case studies in chapter 7. It means that whereas there is free 
capacity in the system, it operates with degraded voltage which is not desirable. The 
ultimate aim is to have fixed 1 [pu] voltage in the system and in critical situation as the 
last option, degrading that to produce a capacity in the system. 
One possible suggestion is to degrade the voltage in multiple steps, i.e. 1, .98, .96, …. 
and at last .90 [pu] and check the system status in each step. If for example .96 [pu] is 
sufficient to make the balance between generation and demand, there is no reason to 
run the system with more degraded voltage like .90 [pu]. 
 
For the systems with the loads which are sensitive to voltage level, the idea of load 
shedding together with voltage degradation but in a more limited interval (i.e. 
minimum to .95 [pu]) can be developed. 
 
As PQ control method is the most commonly used method, in the proposed method 
and corresponding case studies only PQ controlled DGS was considered. However the 
algorithm can slightly be modified to cover PV controlled DGS.  
 
In chapter 2, a discussion concerning the dynamic behavior of up-stream generation 
system was presented. As a matter of fact one of the main assumptions of this study 
was to have sufficient storage on dc link. Although considering storage on dc link is an 
indispensable endeavor in practice, it is possible to consider the dynamic behavior of 
the dc side in the simulations and analyze the results. 
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