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Abstract: A microgrid is defined as a part of an 

electric power distribution network that embeds an 

appreciable number of distributed generators and 

energy storage devices, in addition to regional loads; 

it may be disconnected from the rest of the power 

system, under emergency conditions or as planned, 

and operated as an island. A microgrid can be a 

residential neighborhood, an industrial or 

commercial facility, a university campus, a hospital, 

an off-grid remote community, etc. Microgrids 

should widely utilize renewable energy resources 

such as wind, solar etc.. to play a significant role in 

the electric power systems of the future, for cleaner 

air, reduced transmission and distribution costs, and 

enablement of energy efficiency enhancement 

initiatives. The economical and environmental 

benefits of microgrids have motivated extensive 

research and development efforts towards resolving 

the technical challenges of this new and fast-growing 

technology.  

 

 The coexistence of multiple of energy 

resources, which have versatile dynamic 

properties and electrical characteristics, has  

 

 

raised concerns over the safety, efficiency, 

and stability of microgrids. The control and 

operation of a microgrid is challenging 

especially in an off-grid scenario where the 

microgrid is isolated from the main utility 

grid. This condition is known as the islanded 

mode of operation which is the main subject 

of this project. 

This project concentrates on the islanded-

mode control of electronically-interfaced 

distributed generators and energy storage 

devices, for microgrid applications. 

Hereafter, a generator, or an energy storage  

 

 

 

device, without its interfacing power-

electronic converter is referred to as a 

Distributed Resource (DR), whereas the same 

with its power-electronic interface is referred 

to as a “DR system”. To develop a discrete-

time mathematical model and a discrete-time 

control strategy for the regulation of the 

amplitude and frequency of the terminal 

voltages of islanded DER systems which can 

also mitigate the distortions caused by 

nonlinear and unbalanced loads. 

 

I. Introduction: 

A. Islanded-Mode DR Control for 

Distorted Load Currents 

 

In this chapter, the effect of unbalanced and 

nonlinear load conditions, as well as sudden 

and random load switching incidents on the 

terminal voltage of a DR system in islanded 

mode operation of a microgrid system is 

addressed. The lack of connection between 

an islanded microgrid system and the power 

system, fairly limited geographical span of an 

islanded distribution network, presence of 

single-phase loads, and random switching of 

loads of different steady state/dynamic 

properties have made the islanded mode 

control of DR systems a challenging task. 

Ideally, an islanded mode control strategy for 

a DR system must [20]: 

 

1. Ensure stable and fast response 

irrespective of loads configuration, 

dynamic properties, and sudden 

switching’s. 

2. Provide the electronic converter of the 

DR system with adequate protection 
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against output shorts and external 

faults. 

3. Accommodate unbalanced and 

harmonically distorted output 

currents. 

4. Enable utilization of the same power 

circuit and control hardware as those 

commonly employed for grid 

connected DR systems. 

5. Provide black start capability. 

6. Permit the incorporation of droop 

based power sharing mechanisms to 

enable parallel operation with other 

DR systems, in a multi system 

environment. 

The control strategy is proposed 

based on a discrete time model which is also 

valid for variable frequency operation. 

Adopting the proposed control strategy, a DR 

system preserves the circuit and control 

structures that are typically employed and 

optimized for grid connected DR systems. In 

addition, a combination of repetitive and 

deadbeat control strategies has been 

employed to accommodate unbalanced 

and/or harmonically distorted output currents. 

Moreover, the control benefits from of a feed 

forward compensation strategy that mitigates 

the impact of load dynamics on the voltage 

and frequency regulation processes. Thus, the 

load dynamics are masked and the DR 

system dynamic performance is made, to a 

great extent, independent of the load 

characteristics and circuit configuration. 

Under the proposed control, the DR system 

offers black start capability, is robust to load 

switching incidents, and can be employed for 

decentralized frequency and voltage 

regulation in a multi system islanded 

network.Fig.1 illustrates a simplified 

schematic diagram of the study islanded 

network it embeds one DR system that is 

connected to a feeder which energizes three 

sets of local loads; these are (i) a three-phase 

linear balanced load, (ii) a three-phase linear 

unbalanced load, and  (iii) a three-phase 

rectifier load. The unbalanced load represents 

an aggregate of unequal single phase loads 

which are connected between the phases and 

a neutral conductor. 

 

B. Structure of the Islanded Network  

 

 

 

 

 

 

 

Fig. 1: Single-line schematic diagram of the 

islanded network [20]. 

 

Each set of loads is interfaced with the feeder 

through a corresponding transformer. Each 

transformer has a solidly-grounded wye 

winding configuration at its low voltage side. 

The feeder is linked to the upstream network 

via series RL impedance and a switch 

denoted by the main switch. Thus, the DR 

system and the loads become isolated from 

the upstream network if the main switch 

breaks. 

 

C. Structure of DR Unit  

 

  

 

 

 

 

Fig.2: Schematic diagram of islanded 

electronically interfaced DR unit and loads 

[20]. 
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Fig. 2 illustrates that the power circuit of the 

DR system consists of a current controlled 

VSC, a three-phase LC filter, and a three-

phase circuit breaker. The per phase 

inductance and capacitance of the filter are 

denoted by L and Cf, respectively. The 

resistance R models the ohmic loss of the 

filter inductor and also includes the effect of 

the on state resistance of the VSC valves. The 

circuit breaker Br, is controlled by the DR 

system synchronization scheme, and its 

function is to ensure that the DR system is 

connected to the network only if its terminal 

voltage is stable and in synchronism with the 

network voltage. The three phase variables 

Vtabc, Vsabc, iabc, and ioabc are referred, 

respectively, to as the VSC ac side terminal 

voltage, DR system terminal voltage, VSC ac 

side current, and DR system output current. 

The voltage at the low voltage side of the 

interface transformer is labeled as V
1

sabc and 

referred to as the transformer voltage. It is 

noted that the terminal voltage and the 

transformer voltage become identical when 

the circuit breaker Br is closed. 

 

Fig. 2 also shows that the VSC dc 

side is paralleled with a dc link capacitor C, 

and a voltage source. The voltage source 

represents the effect of either a dispatchable 

energy storage device, e.g., a battery bank. 

 

Fig. 2 also shows the control 

components of the DR system. It is noted that 

Vtabc, Vsabc, V1
sabc, iabc, and ioabc are sampled 

and digitized by the corresponding sample 

and hold (S/H) and analog-to-digital (A/D) 

converters. The discretized variables are then 

provided to the corresponding abc-to-dq 

frame transformation blocks. Fig. 3.2 further 

shows that the DR system is controlled in a 

rotating dq-frame whose d axis makes an 

angle, ρ, with respect to the stationary axis, 

i.e., the α axis. ρ is obtained from a PLL 

which also determines ω, i.e., the frequency 

of Vsabc. In the grid connected mode of 

operation, V1
sabc and Vsabc are dominated by 

the power system, and ω represents the power 

system frequency. In the islanded mode, 

however, the main switch is open and the DR 

system of Fig. 3.2 solely supplies the loads. 

Thus, a control strategy is required to 

regulate the amplitude and frequency of the 

feeder (and thus the loads) voltage, under 

different load conditions. 

D. Current control scheme  

 A current-control scheme constitutes 

the kernel of the control scheme of the DR 

unit of Fig. 3.2 The function of the current 

control scheme is to regulate the d- and q-

axis components of the VSC ac side current 

(i.e., iabc (t) ) by means of the pulse width 

modulation (PWM) switching strategy. This 

section presents the structure and components 

of the current control scheme.  

 In the continuous time domain, the 

dynamic behaviour of iabc is described by the 

space-vector equation [21]. 

 t s

di
L Ri v v

dt
   


  

                      

                              (1)               

 where i


, sV


, and tV


 are the space 

vector representations of iabc, Vsabc, and Vtabc, 

respectively. The VSC ac-side terminal 

voltage Vtabc is controlled by the PWM 

modulating signals of the VSC (i.e., mabc (t)), 

based on    ( / 2)t dcV V m
 

. Expressing each 

space vector in (1) in terms of its dq-frame 

components, based on 
( )( ) [ ( ) ( )] j t

d qx t x t jx t e  


(where x


 is a 

generic representation of the space vector in 

question), one deduces 

[( ) ] ( ) ( )
2 2

j j j jdc dc
d q d q d q sd sq

v vd
L i ji e R i ji e m jm e v jv e

dt

       
           

    

                                                                    (2) 

which can be simplified to yield 
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2

d

d dc
d q d sd

di v
L Ri L i m v

dt




 

      
 

                       (3)  

 

2

q

q dc
q d q sq

di v
L Ri L i m v

dt




 

      
 

 

                (4)  

where the dummy control inputs d  and q  

will be used to eliminate the couplings 

between di  and qi  [22], as well as the 

nonlinearity that would be introduced if   is 

variable.  is an output of the PLL and 

related to  (i.e., the other output of the 

PLL) as 

 ( )
d

t
dt




                                     
(5) 

Taking 
d and q as the plant inputs, 

transforming (3) and (4) to discrete time 

forms, one obtains 

 

( 1) ( ) ( )d d di k ai k b k  
 
                       

(6)              

( 1) ( ) ( )q q qi k ai k b k                             (7 ) 

where the coefficients a and b are given by 

    

sRT

La e


 ,                                             (8)

      

  

b =
1

1
R

sRT

Le
 

  
 

         (9) 

                                

and sT  is the sampling period. It is noted that 

due to the definition of d and q , the 

sampled data model represented by (6) and 

(7) is also valid for a scenario in which  is 

variable. It then follows from (3) and (4) that: 

( ) ( ) ( ) ( ) ( )
2
dc

d q d sd

v
k L k i k m k v k   

                     (10)  

( ) ( ) ( ) ( ) ( )
2

dc
q d q sq

v
k L k i k m k v k    

          (11) 

 

Equations (6)–(11) describe a sampled data 

control plant whose block diagram is outlined 

by dashed lines in Fig. 3. For the control 

plant, ( )di k and ( )qi k are the outputs, and 

( )dm k and ( )qm k  are the inputs. Fig. 3 also 

illustrates the controller part of the current 

control scheme (outlined by solid lines), 

which processes the error signals 

( ) ( ) ( )d dref de k i k i k 
 
and 

( ) ( ) ( )q qref qe k i k i k  ,and delivers 

( 1)dm k   and ( 1)qm k   These two last 

signals are then delayed by one sampling 

period to generate ( )dm k and ( )qm k , which 

are required by the control plant. The delays 

are introduced deliberately and are necessary 

to permit completion of the calculations in a 

microprocessor based implementation. 

 

 
Fig. 3: Block diagram of the current control 

scheme of the DR unit. 
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Fig. 3 further indicates that the controller 

constructs ( 1)dm k  and ( 1)qm k   in such a 

way that the effects of the signals ( )k ,

( )qi k and ( )sdv k on ( )di k , and those of 

( )k , ( )di k and ( )sqv k on ( )qi k , are 

counteracted. However, due to the intentional 

delay between each controller output and its 

corresponding plant input, the controller 

requires ( 1)k  , ( 1)qi k  , ( 1)sdv k  ,

( 1)k  , ( 1)di k  and ( 1)sqv k   in the 

k
th 

sampling period; each aforementioned 

variable can be estimated through a one step 

ahead prediction technique, using the 

sampled values in the (k-1)
th

 and k
th

 sampling 

periods. The prediction is based on the 

assumption that the following linear 

relationship holds between the samples: 

( 1) 2 ( ) ( 1)x k x k x k          (12) 

where (.)x  is a generic representation of the 

signal to be predicted. It should be pointed 

out that a second order prediction is also 

possible. However, the first order prediction, 

based on (12), performs more satisfactorily in 

scenarios when sudden load changes occur 

[23].  

Assuming that the predicted values are 

adequately accurate, the plant d- and q-axis 

dynamics are decoupled and the impacts of 

( )sdv k and ( )sqv k on ( )di k and ( )qi k are 

compensated. Therefore, the closed-loop 

system of Fig. 3 becomes equivalent to that 

of Fig. 4.  

 

 
 

Fig. 4: Block diagrams of two closed loops 

equivalent to the current-control scheme of Fig. 

3. 

As Fig. 4 indicates, the current control 

scheme of Fig. 3.3 is effectively decomposed 

to two decoupled d- and q-axis current 

control loops for which the respective control 

plants are ( ) /[ ( )]iH z b z z a  . Thus, the 

fastest possible closed-loop response is 

achieved if the closed loop poles are placed 

at the origin of the z plane, through the 

following compensator: 

 2

( )
( )

( 1)
i

z z a
k z

b z





         

(13) 

This kind of pole placement is known in the 

literature as the deadbeat control strategy 

[23], and ensures that ( )di k and ( )qi k track 

their corresponding reference values in two 

sampling periods, that is, 
2( ) / ( ) ( ) / ( )d dref q qrefi z i z i z i z z  . 

 

E Voltage regulation scheme 

(i) Amplitude regulation scheme 

 

The objective of the amplitude regulation 

scheme is to control ( )sdv k and ( )sqv k (i.e., the 

d- and q-axis components of the DR unit 

output voltage) at their respective reference 

commands ( )sdrefv k and ( )sqrefv k . This goal 

is, in turn, accomplished by the control of 

( )drefi k  and ( )qrefi k . As will be discussed in 

frequency regulation scheme, ( )sqrefv k is 

indirectly employed in another control loop 

that regulates the frequency. The frequency 
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regulation loop, on the other hand, forces sqv

to zero in a steady state. Hence, the 

amplitude of the DR unit output voltage, that 

is, 2 2

sd sqv v is predominantly determined 

by sdv ; the transient excursions of sqv

around zero do not significantly impact the 

amplitude and can be ignored. As such, 

sdrefv effectively serves as the set point for 

the amplitude of the DR unit output voltage. 

Dynamics of the DR unit output voltage are 

described by the space vector equation 

s

f L

dv
c i i

dt
 


 

        (14) 

Where Li


is the space-vector equivalent of 

the load current. ( )Labci t   

Taking a similar procedure as the one 

followed to derive (6)–(11) from (1), one 

deduces 

( 1) ( ) ( )s
sd sd d

f

T
v k v k k

C
            (15) 

( 1) ( ) ( )s
sq sq q

f

T
v k v k k

C
        (16) 

Where, 

( ) ( ) ( ) ( ) ( )d d Ld f sqk i k i k C k v k   
      

(17) 

( ) ( ) ( ) ( ) ( )q q Lq f sdk i k i k C k v k         (18) 

Expressing (15) and (16) in transfer-function 

form results in 

( )( ) 1

( ) ( ) 1

sqsd s

d q f

V zV z T

z z C z 

 
      

       (19) 

Equations (17)–(19) describe the control 

plant shown in the right side of Fig. 3.5. For 

the plant, ( )di k and ( )qi k are the inputs, 

( )sdv k and ( )sqv k are the outputs, and ( )Ldi k

and ( )Lqi k are the disturbance inputs.  

 

 
 

Fig. 5: Block diagram of the amplitude 

regulation scheme. 

 

In turn, as Fig. 5 indicates, ( )di k and ( )qi k

are the responses of the d- and q-axis current-

control loops of Fig. 3.4 to ( )drefi k and 

( )qrefi k , respectively. The left side of Fig. 3.5 

illustrates the controller part of the amplitude 

regulation scheme. It is noted that measures 

of ( )Ldi k , ( )k ( )sqv k , ( )Lqi k , and ( )k

( )sdv k are employed as feedforward signals 

to eliminate the impact of ( )Ldi k and ( )Lqi k

on ( )sdv k and ( )sqv k , and to mitigate the 

coupling between ( )sdv k and ( )sqv k . 

However, due to the two-sampling-period 

delay between ( )drefi k and ( )di k , and 

between ( )qrefi k and ( )qi k , the feedforward 

compensation requires access to the signals 

( 2)Ldi k  , ( 2)k  ( 2)sqv k  ,

( 2)Lqi k  , and ( 2)k  ( 2)sdv k   in the 

K
th

 sampling period. Thus, an estimate of 

each of the aforementioned signals is 

constructed based on the signal samples in 

the (K-1)
th

 and K
th 

sampling periods. The 

estimation is based on the assumption that the 

following linear relationship holds: 
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( 2) 3 ( ) 2 ( 1)x k x k x k         

(20) 

 
Fig. 6: Block diagrams of the d- and q-axis 

closed loops equivalent to the amplitude 

regulation scheme of Fig. 5. 

 
Assuming that the two step ahead prediction 

of (20) performs satisfactorily, the control 

scheme of Fig. 5 becomes equivalent to the 

two decoupled control loops shown in Fig. 

3.6; in each loop, the effective control plant 

is 
2( ) / [ ( 1)]s fH z T c z z  . In Fig. 3.6, ( )vK z

is the transfer function of each d- and q-axis 

compensator, respectively, processing the 

error signals ( ) ( ) ( )vd sdref sde k v k v k   and 

( ) ( ) ( )vq sqref sqe k v k v k  . In their simplest 

forms, these compensators can be of the 

proportional-integral (PI) type; this, however, 

results in deterioration of the control system 

performance under unbalanced and/or 

harmonically distorted load current 

conditions. 

 

 (ii) Frequency Regulation Scheme: 

 

The objective of the frequency regulation 

scheme is to regulate the frequency of 

( )sabcv t and, thus, the frequency of the 

islanded network, at the reference command 

ref . As Fig. 2 shows, a PLL processes ( )sqv k

through the filter ( )H z , and ( )k is 

determined in such a way that ( )sqv k is 

forced to zero [24].  

In the grid connected mode, the frequency of 

( )sabcv t  (i.e., ( )k ) is imposed by the grid 

and becomes equal to the power system 

angular frequency. However, in the islanded 

mode of operation, ( )k must be regulated 

by ( )sqv k through the control of ( )sqrefv k . 

As Fig. 3.2 indicates, the PLL affects the 

frequency based on 

( ) ( ) ( )sqz H z V z                    (21) 

where ( )H z is a filter of the form 

( )
1

pk
H z

z



         (22) 

where pk is the filter gain.  

 

 

Fig. 7: Block diagram of the frequency 

regulation loop. 

 

Thus, a control loop, Fig. 7, can be formed 

based on (21) to regulate ( )k . As Fig. 7 

shows, a compensator (i.e., ( )k z
) processes 

the error ( ) ( ) ( )refe k k k    and 

determines ( )sqrefv k which is then tracked by 

( )sqv k through the action of the q-axis 

amplitude regulation loop of Fig. 3.6(b), and 

( )k is controlled. Due to the pole of ( )H z

at 1z  , ( )sqv k settling at zero in the steady 

state, so does ( )sqrefv k . Therefore, ( )k z
can 

be as simple as a pure gain to ensure that 

( )k tracks ( )ref k with zero steady-state 

error. Thus, 
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( )k z k           (23) 

where k is the compensator gain. 

 

F  Repetitive-Control-Based Compensator 

for Amplitude Regulation Scheme 

(i) Fundamentals 

 

The use of traditional PI compensators in the 

amplitude regulation scheme of Fig. 3.6, i.e., 

for ( )Vk z can guarantee an adequately fast 

and stable closed loop response if the output 

current is balanced. However, unbalanced 

loads cause second order harmonic 

components that appear  in ( )Ldi k and ( )Lqi k , 

and distort ( )Sdv k and ( )Sqv k . For nonlinear 

loads, ( )Ldi k and ( )Lqi k  are even more 

distorted, and so are ( )Sdv k and ( )Sqv k due to 

higher-order harmonic components. 

Consequently, the effectiveness of the 

amplitude and frequency regulation schemes, 

i.e., Figs. 3.5 to 3.7, is compromised to a 

large extent. This calls for a more elaborate 

compensator structure for ( )Vk z In what 

follows, a repetitive-control-based 

compensator structure is introduced to 

address this shortcoming. 

 

Repetitive control is an effective strategy for 

rejection of periodic disturbance inputs. It is 

based on the internal model principle, which 

implies that the inclusion of unstable 

dynamic modes of the reference command or 

the disturbance input in a control loop 

ensures perfect tracking of the former or 

complete rejection of the latter. To better 

appreciate this, let us consider a hypothetical 

compensator of the structure shown in Fig. 8 

where ( )vde t  and ( )dr t are the error and the 

compensator output, respectively. The 

transfer function of this compensator   

 
fig. 8: Block diagram of a hypothetical 

compensator based on the internal model 

principle to reject a periodic disturbance 

input. 

is 

( )
( )

( ) 1

sT

d
v sT

vd

R s e
k s

E s e




 


       (24) 

  

where T is the period of the disturbance 

input. Equation (24) indicates that the 

employment of the compensator ( )vk s in a 

negative feedback loop results in the infinity 

magnitude for the loop gain at frequencies 

2 h T  (h is an integer), i.e., the 

fundamental and harmonic frequencies of the 

disturbance input, and therefore eliminates 

the steady-state error. Considering a discrete 

time implementation and ssTz e , (24) can be 

rewritten as 

( )
( )

( ) 1

D
sTs d

v D

vd

R z z
K z e

E z z




  


      (25) 

where sD T T is the ratio of the disturbance 

input period to the sampling period. If T is an 

integer multiple of sT that is, D is an integer 

number, say, N, then Dz corresponds to an 

N-step delay operation on the signal ( )ic k . 

Hence, the compensator of Fig. 3.8 can be 

digitally implemented by means of an array 

of N First-In-First-Out (FIFO) memory cells, 

as shown in Fig. 9. From a design standpoint, 

this also means that if the frequency of the 

disturbance input is constant and known, the 

sampling period may be chosen as an integer 

sub multiple of the disturbance input period, 

such that D is an integer. However, the 

discrete time implementation is not 

straightforward if D is a non-integer, for 

example, in variable frequency scenarios. 
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A practical repetitive-control-based 

compensator is an extension of the kernel 

structure of Fig. 9. The outlined part of the 

closed-loop system of Fig. 10 illustrates such 

an extension for ( )vk z in the d-axis amplitude 

regulation loop (of Fig. 6(a)). In the 

repetitive-control-based 

 
fig. 9: Block diagram of the discrete-time 

realization of the compensator of Fig. 8 if the 

disturbance input frequency is an integer sub-

multiple of the sampling frequency. 

 

 
fig.10: Block diagram of the proposed 

repetitive-control based compensator 

incorporated in the d-axis amplitude 

regulation loop of Fig. 6(a). 

 

( )vK z the filters ( )Q z and ( )fG z are included 

for stabilization of the closed loop system. 

( )Q z also enables the discrete-time 

implementation of the function 
sTe (see (24), 

and Fig. 3.8), in the general case where T is 

not an integer multiple of Ts. 

In the closed-loop system of Fig. 10, ( )vH z is 

the effective plant model which also appeared 

in the closed-loop scheme of Fig. 3.6. The 

(harmonically-distorted) disturbance input 

( )dD k manifests itself if the output current is 

unbalanced and/or distorted. The main reason 

for the existence of ( )dD k is the deterioration 

of the effectiveness of the feedforward 

compensations employed in the current-

control and amplitude regulation schemes, 

due mainly to inaccuracies of (12) and (20). 

Fig. 3.10 only shows the d-axis control loop; 

the q-axis loop components are the same as 

their d-axis counterparts and therefore do not 

receive a separate treatment. 

 

Simulation Results: 

Simulation results of DR unit with PI 

controller: 

(I) DR unit terminal voltage: 

 
Fig. 11: DR unit terminal voltage. 

  

Fig. 11 represents the voltage at the DR unit 

terminal when the unbalanced load and non 

linear load applied at t = 0.5 Sec, here the DR 

unit control the terminal voltage with PI 

controller.   

   

(II) Voltage at point of common coupling: 

 

Fig. 12: Voltage at point of common 

coupling. 

 Fig. 12 represents the voltage at the 

point of common coupling when the 
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unbalanced load and non linear load applied 

at t = 0.5 Sec, here the control action in the 

DR unit is being done by PI controller. 

(III) Load Current: 

 

Fig. 13: Load Current. 

 

 Fig. 13 represents the current at the 

point of load terminal when the unbalanced 

load and non linear load applied at t = 0.5 

Sec, here the DR unit is being controlled by 

PI controller. The unbalanced load consist of 

a series RL circuit between phase-a and the 

neutral conductor and its two other phases are 

open. The nonlinear load is a three-phase six-

pulse diode-bridge rectifier. 

Simulation results of DR unit with 

Repetitive controller: 

(I) DR unit terminal voltage: 

 
Fig. 14: DR unit terminal voltage. 

 

 Fig. 14 represents the voltage at the 

DR unit terminal when the unbalanced load 

and non linear load applied at t = 0.5 Sec, 

here the repetitive controller in the DR unit 

regulate the voltage and can produce the 

better output voltage than that of PI 

controller.     

(II) Voltage at place of common coupling: 

 

Fig. 15: Voltage at place of common 

coupling. 

 

 Fig. 15 represents the voltage at the 

point of common coupling when the 

unbalanced load and non linear load applied 

at t = 0.5 Sec, here the control action in the 

DR unit is being done by the repetitive 

controller. the repetitive controller will 

produce the better voltage profile even at the 

time of periodic load disturbances which 

can't be done by the PI controller. 

(III) Load Current: 

 
Fig. 16: Load Current. 

 

 Fig. 12 represents the current at the 

point of load terminal when the unbalanced 

load and non linear load applied at t = 0.5 

Sec, here the DR unit is being controlled by 

repetitive controller. The unbalanced load 
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consist of a series RL circuit between phase-a 

and the neutral conductor and its two other 

phases are open. The nonlinear load is a 

three-phase six-pulse diode-bridge rectifier. 

the proposed repetitive control based 

compensator almost completely eliminates 

the imbalances due to the unbalanced and 

non linear load conditions. 

 

Conclusion 

 

This project proposes a voltage and 

frequency control strategy for dispatchable 

islanded electronically coupled DRs, based 

on a discrete time mathematical model which 

is also valid for variable frequency operation.  

To enhance the robustness of the proposed 

control strategy to unbalanced and/or 

distorted load currents, a combination of 

repetitive and deadbeat control is utilized. 

Moreover, the repetitive control based 

compensator is enhanced through a new 

control approach that ensures the rejection of 

periodic disturbance inputs, regardless of 

their frequency.  

This, in turn, enables quality and accurate 

voltage/frequency regulation in variable 

frequency scenarios. In addition, the 

proposed control employs feedforward 

compensation to decouple the load dynamics 

from those of the DR system. Simulation 

studies conducted on a detailed switched 

model of the overall system demonstrate the 

performance and effectiveness of the 

proposed control strategy under the 

unbalanced/distorted output currents. 
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