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Abstract: Now-a-days voltage sags are one of the main troubles in transmission and distribution grids with high incursion of 
distributed generation. A voltage sustain control strategy for grid-connected power sources under voltage sags is anticipated 
in this project. The control is based on the infusion of reactive current along with a flexible ratio between positive and 
negative series. The controller finds, also, the amount of reactive power required to renovate the declined voltage magnitudes 
to new allusion values confined within the continuous operation limits required in grid codes. These allusion values are 
preferred so as to assure low current injection when satisfying the voltage sustain purpose. The proposed model can be 
designed in MATLAB/SIMULINK and the results conveyed so as to endorse the efficacy of the proposed control. 
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I. INTRODUCTION 
 
The number of distributed energy sources connected 
to the public grid is increasing significantly due to the 
deregulation of the electric power distribution 
industry and to environmental issues. The connection 
of a large amount of distributed generation sources 
(DGS) over the entire transmission and distribution 
systems can lead to instability when electrical 
disturbances appear in the grid. One of the most 
challenging disturbances is the transitory reduction of 
the rms voltage in one or more grid phases, which is 
known as voltage sag .Here exist    some international 
standards and different national grid codes that 
regulate the behaviour of grid connected power 
sources in nominal conditions and also under voltage 
sags. The basic grid code requirements under voltage 
sags are two: setting the point of common coupling 
(PCC) voltages within the limits for continuous 
operation, known as low voltage ride-through 
(LVRT), and fixing the amount of reactive current 
injection. With current initiatives on smart grid and 
sustainable energy, distributed generations (DGs) are 
going to play vital role in the emerging electric power 
systems. To fully exploit the potential advantages of 
DGs, it is necessary to re-think the basic philosophy 
governing the electricity distribution system. The 
future active network will effectively and efficiently 
links mall and medium scale electric power sources 
with costumer demands. DG is often used as back-up 
power to enhance reliability or as a means of 
deferring investment in transmission and distribution 
networks ,avoiding network charges, reducing line 
losses ,deferring construction of large generation 
facilities ,displacing expensive grid-supplied power, 
providing alternative sources of supply in markets  

 
and providing environmental benefits. However, 
depending on the system configuration and 
management, these advantages may not be true. In 
recent years, DG has become an efficient and clean 
alternative to the traditional electric energy sources, 
and recent technologies are making DGs 
economically feasible .Now-a-days, DGs are the part 
of distributed energy resources (DERs) which also 
include energy storage and responsive loads. The 
major driving forces behind the increased penetration 
of DGs can be categorized in to environmental, 
commercial and regulatory factors. There are several 
small generators which produce very small or no 
greenhouse gas emissions. Another environmental 
driver is to reduce the transmission and distribution 
expansion along with the avoidance of large power 
plants. In the commercial driver, the un certainty in 
electricity markets favors small generation strategy 
sand DGs are now cost effective to improve the 
power quality and reliability. Diversification of 
energy sources to enhance the energy security and 
sustain for competition policy are the major 
regulatory drivers.        The attractive proposition of 
DG is that it is distributed round the network close to 
customers and DGs represent diverse technologies 
and primary energy sources. This project proposes a 
voltage controller under voltage sags based on the 
current strategy presented in, which renovates then 
declined voltages to its continuous operation limits, 
thus guaranteeing LVRT and also increasing the 
stability of the power system. A detailed 
mathematical study of the injected currents during the 
voltage sag is carried out so as to develop the 
proposed control. The control purpose is 
accomplished when the proper values of both the 
reactive power allusion and the flexible ratio between 
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positive and negative sequence reactive current are 
set. These control parameters are calculated online 
using a simple algorithm based on the line impedance 
knowledge. Selected experiments with several types 
of voltage sags are reported so as to evaluate the 
performance of this control strategy. 
 

 
 
II. GRID-CONNECTED INVERTERS 

UNDER VOLTAGE SAGS 
 
This section begins with the description of grid-
connected DGS. Then, the voltages at the PCC under 
voltage sags are mathematically characterized, giving 
a general classification of these faults. Later the grid 
code requirements under voltage sags are described. 
Finally, the expressions of active and reactive 
currents injected by the DGS during the voltage sag 
are given. 
A. Grid-Connected Three-Phase Inverter 
Fig. 1 shows the diagram of a DGS connected to the 
grid through a three-phase three-wire inverter. In this 
configuration a large dc-link capacitor is placed for 
decoupling the power source module and the utility. 
The inverter is connected to the PCC through an LCL 
filter. When the system is connected to the grid via a 
mainly inductive line, the mains can be modeled with 
an inductance Lg in series with a three-phase voltage 
source v. An external voltage controller is responsible 
for obtaining the voltage allusion for the dc-link that 
guarantees optimum power generation in the DGS. 
The output of this controller provides the active 
power allusion value P∗ related to the active power 
that must be injected to the grid. The design and 
study of this external dc-link loop has been widely 
described in the literature and, therefore, will not be 
considered here . When the system is in continuous 
operation mode, the control block shown in the figure 
will drive the inverter switches so as to inject the 
generated power to the grid. To accomplish this 
purpose, the PCC voltage v and the inverter current i 
must be sensed.  
B. Sag Classification and Characterization 
 When voltage disturbances occur in the grid, 
the PCC voltage is also affected, and the control 
performance is deteriorated. Thus, the PCC voltage 
behavior under voltage sags must be characterized 
appropriately.  
1) Sag Classification: The causes of the voltage sags 
are mainly short circuits between phases or between 

phases and ground, overloads, startup of motors, etc. 
The nature of the sag mainly depends on fault type 
(phase to ground, phase to phase, etc.), system 
grounding and fault location. Independently of the 
fault type and location, the sag can be characterized 
by its signature at the PCC. A simplified sag 
classification can be done according to the number of 
declined phase-to-neutral voltages: single phase (type 
I), double phase (type II), and three phase 
(type III) .  
2) Sag Detection and Characterization: The 
instantaneous PCC voltages during a sag can be 
described as the addition of positive, negative, and 
zero symmetric series. Taking into account that in 
three-wire systems zero voltage series are not present, 
the instantaneous PCC phase voltages can be 
expressed in the stationary allusion frame (SRF) as a 
function of time as  

(1) 
where v αp , v βp and v αn , v are the SRF positive 
and negative voltage series, respectively, V βn p and 
V are its amplitudes, ω is the grid angular frequency, 
and the pair δ n p, δ are the initial phase angles of 
positive and negative series. So as to simplify the 
notation, a new flexible, the sequence phase-angle, 
i.e., the phase between positive and negative series, 
can be defined as  
 

                       (2) 
 According to, any sag can be characterized 
and classified if the magnitudes V p, V n, and δ are 
known. These three magnitudes can be calculated 
online by sensing the phase vector v and then using 
the SRF theory to evaluate the positive and negative 
series of the space vector. There are different 
techniques to evaluate the space vector series, and 
among them, one promising detection algorithm was 
reported  . Afterward, since the voltage vector series 
are known, the amplitudes of the positive and 
negative series and the phase angle can be calculated 
online using 
 

(3) 
 From (1) and (2), the module of the natural 
frame phase voltages can be written as a function of 
V and the phase angle δ as p ,V n 
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(4) 
 

III. PROPOSED VOLTAGE SUSTAIN 
CONTROL STRATEGY 

 
The main purpose of this study is to develop a voltage 
sustain method that diminishes the adverse effects of 
sags in the PCC voltage, i.e., avoid under voltage and 
also overvoltage. In an inductive grid, the injection of 
reactive current will produce a positive increment in 
the PCC voltages. During a voltage sag, the DGS 
disconnection could be avoided if the amount of 
injected reactive current increases the PCC voltages 
sufficiently to bring them within the continuous 
operation limits.

 
A. PCC Voltage Allusion Values for 
Continuous Operation 
 Fig. 3 shows three examples of voltage sags 
measured at the PCC, as well as the proposed voltage 
allusion values that guarantee continuous operation. 
Two dashed lines, one at 1.1 p.u. and another at 0.85 
p.u. are drawn horizontally to highlight the operation 
boundaries. The difference between continuous 
operation boundaries, defined in ,  a constant value  

(5) 
 and the difference between the amplitudes of the 
PCC voltages during the sag is defined as 
 

(6) 
 These two quantities will be used to 
determine the appropriate control strategy depending 
on the sag profile. Fig. 3(a)(left) shows the rms phase 
amplitudes of a type I sag with ΔV<ΔV .  In Fig. 
3(a) (right) the allusion amplitude for the droped 
phase V boundaries ∗ c is set to be the low boundary 
value, V =0.85 p.u., and the allusion amplitudes for 
the other phase voltages, V ∗ L=(0.85 + ΔV ) p.u. 
Implementing a control strategy that injects only 
positive sequence reactive current will raise the three 
phase voltages equally . Then, when the amplitude V 
∗ a and V ∗ b , are set to V ∗ H reaches its allusion V 
∗ C the other two phase amplitudes, V ac and V , will 
remain below 1.1 p.u., i.e., within the operation 
boundaries. Fig. 3(b) and (c) shows the PCC phase 
voltages (left) and its allusions (right) during type II 

with ΔV<ΔV boundaries band during type III sags. 
As can be seen, the allusion values are preferred as  
 

(7) 
 Obviously, one could chose to place the 
allusion values for these voltage sags in any position 
within the 0.85 to 1.1 p.u. range; for example, high 
and low allusions set to the nominal voltage, (i.e., 1 
p.u.). However, in this case, the amount of injected 
current would be higher than when choosing the 
proposed values. Fig. 4(a)(left) shows the phase 
amplitudes of a type I voltage sag with ΔV ≥ ΔV and 
Fig. 4(a)(right) shows its allusion amplitudes. In this 
case, if an equal rise in the three phases is produced, 
the phase amplitudes V boundaries a and V will 
exceed the maximum operation limit. Then, a second 
control Strategy b 

 
is necessary to increase and also to equalize the three 
phases so as to guarantee the allocation of the PCC 
voltages within the boundaries. This will be done by 
injecting both positive and negative sequence reactive 
current . Fig. 4(b) shows the PCC phase voltages 
(left) and its allusions (right) during a type II voltage 
sag with ΔV ≥ ΔV. In both cases, the low allusion 
value coincides with  and boundaries the high 
allusion value is saturated to the boundary high value 

(8) 
 
 Also in these two last cases, the allusion 
values are preferred to minimize the reactive current 
injection. With these purposes in mind, in the five 
cases of voltage sags presented the voltage allusion 
profiles are defined as shown in Figs. 3 and 4. Once 
the PCC voltage allusion amplitudes in the natural 
frame are preferred, it would be useful to transform 
them to positive and negative sequence values. So,  
can be solved for sag types I and II by equating the 
minimum phase amplitude to 0.85 p.u. and the 
maximum to 0.85 +ΔV p.u. (saturated to 1.1 p.u.), 
obtaining the allusion values for positive V and for 
negative sequence V *  
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(9) 
 
B. Derivation of Control Parameters  
 
 Q∗ and k q When a current i flows from the 
DGS into the grid, it pro-duces a voltage increment in 
the line inductance that could bring the PCC voltages 
within the continuous operation boundaries, see Figs. 
3 and 4. The voltage sustain protocol must determine 
the injected reactive current necessary to guarantee 
continuous operation. The basic steps of the proposed 
voltage sustain algorithm are the following:

 
1) detect and characterize the sag, using the online 
evaluation of  derived as  
2) set the positive and negative voltage sequence 
allusion values  according to both the sag type, and 
the natural frame allusion values (22)–(24);  
3) and, finally, find the parameter values Q∗and k to 
be used in  and  so as to generate the currents that 
raise the PCC voltages to the previously established 
limits. So as to determine the currents that fulfill the 
voltage sustain protocol it is necessary to estimate 
which is the effect of the current over the line 
inductance. Then, the value of the line inductance 
must be roughly known (a method for measuring L 
online can be found.. So as to simplify the study, only 
reactive current injection is assumed: P = 0 . In 
Section IV, both active and reactive powers are 
injected during the voltage sag to demonstrate 
experimentally that the contribution of the active 
power to the voltage variation is minimum and can be 
neglected. Also, it is assumed that the inner current 
loop is fast enough to ensure that i = i*. After these 
assumptions, the grid voltage can be expressed as 
(see Fig. 1) 
 

 (10) 
 By measuring online both the line 
inductance and the PCC voltage, and knowing the 
injected current, the grid voltage v can be calculated. 
With the estimated grid voltage vector, it is easy to 
calculate the amount of reactive current needed to 
raise the PCC voltages to their allusion values. By 

inserting (1), (2),(18), and (19) in (31), the SRF grid 
voltage can be derived as  
 

(11) 
 Taking separately the positive and the 
negative series of the calculated grid voltages, (32) 
and (33) results in 
 

(12) 
 
 For each sag type, replacing Vp− and Vnin 
and by their allusion values V∗p and V∗n [obtained 
by (25)–(30)], a and k second-order equation system 
results, with unknowns Qq. Then, by solving this 
system, the control parameters can be ∗derived as 
                           

(13) 
 Using Q∗ and k q− values expressed in and 
to implement the reactive allusion currents and , it is 
guaranteed that the PCC voltages will reach their 
allusion values.  
         4.Simulation results for without fuzzy logic: 
A. Control Strategy Circuit under Voltage Sag-3: 

 
 
Results for Type-3 Voltage Sag: 

 
Fig (a):  PCC Phase voltage 
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Fig (b):Positive and negative amplitudes type-3 Voltage Sag 

 

 
Fig (c):PCC phase Voltage during the type-3 Voltage Sag 

 
 
B.Control Strategy Circuit under Voltage type-2 
Sag  for ΔV <V boundaries: 

 
 
Results for the type-2 Sag under ΔV <V 
boundaries 

 
Fig (a): PCC Phase Voltages during a type -2 Voltage sag with 

ΔV <V boundaries 
 
C.Control  Strategy Circuit Voltage sag type-1: 
 

 
Results for Voltage Sag type-1: 

 
Fig(a):PCC Phase Voltages during varible profile type-1 Sag 

when control is in active 

 
Fig (b):PCC Phase Voltages during the type-1Voltage sag 

 
Fig(c):PCC Phase Voltage during the flexible profile Type-1 
Sag when the Voltage sustain   control in is activated   during 

the Sag 
 Simulation and Experimental Results based on 
fuzzy logic System: 
Control Strategy Simulation circuit for voltage 
Sag type-1: 

 
Results for Voltage Sag type-1: 

 
Fig (a):  PCC phase Voltage during type-1 Sag 
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Fig (b):  Inverter Phase Currents 

 
                Fig(c): PCC Phase Voltages 
Control Strategy for Voltage Sag type-2 : 

 
Results for Voltage Sag type-2 : 

 
Fig(a):PCC Phase Voltage during Sag type-2 

 
Fig(b):Measured active and reactive Power during the type-2 

Voltage Sag 

 
Positive and negative sequence amplitudes the type-2 
Voltage Sag 

Control Strategy for Voltage Sag type-3: 

 
Results for Voltage Sag type-3: 

 
Fig(a):  PCC phase voltage during Sag type-3 

 
Fig(b): Inverter Phase Currents 

 
CONCLUSION 
 
This project has submitted a voltage sustain controller 
for three-phase grid-connected inverters operating 
under voltage sags. By the proposed controller, the 
inverter assists to renovate the declined voltages 
within the eternal operation bounds established by the 
grid codes. This control strategy has been chosen so 
as to fulfill the preferred control purposes through 
low current injection. Considering the simulink 
results, it can be accomplished that this proposal may 
be a good solution to afford voltage sustain by means 
of DGs. Additional study on the recital of the 
proposed control strategy is open for future research. 
Also a study of the impact of considering flexible 
grid impedance during the fault condition would be of 
great interest. Fuzzy logic applications in power 
systems, every attempt was made certain the material 
was self-reliant and requires no specific experience in 
fuzzy logic methods. 
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