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This paper proposes a simple DC current chopper combined with the reactive power 

control, in order to provide specific interactive capabilities for power-electronics interfaced 

distributed generation units. The chopper provides a dynamic current limitation capability. 

During voltage disturbances, it can reduce the active current command to allow more 

reactive current to be injected into the grid. The proposed controller has been 

implemented for the mitigation of voltage magnitude variations at the connection point. It 

will be shown that the proposed controller results in better regulation of both grid and DC-

link voltages. Moreover, through the proper sizing of the chopper, the fault ride-through 

capability is increased and a robust distinction is made by the DG unit between ride-

through and islanding operation. 

Introduction 

Power electronics equipment is utilized at the grid connection point for some distributed 

generation installations. This equipment varies according to the nature of the input 

energy source. It can be implemented by using a partially rated power-electronics 

interface or with a fully rated power electronics interface. The introduction of a fully rated 

power-electronics interface results in more controllability, if effectively utilized. This, in 

turn, serves the vision of a future power grid [1] that is more flexible, accessible, reliable, 

environmentally friendly, and economical.  

Full power electronics interface could consist of one or more power conversion stages in 

order to adjust the energy of the primary source to match the grid requirements, as 

shown in Fig. 1. With DC energy  sources, the power-electronics interface may consist of 

one DC/AC converter. Alternatively, an intermediate DC/DC conversion stage can be 

added to achieve a specific goal, for example regulating the output voltage so that the 

maximum available power is extracted. The same principle is valid for AC sources, where 

they have to be adjusted to match the grid requirement by a DC intermediate stage. 

Energy storage can also be connected in the DC stage to adjust the energy injected into 

the grid under all operating conditions. 

A power converter connected to the grid (front-end converter) enables rapid control over 

reactive power and hence can be utilized to perform voltage control at the connection 

point [2]. To fully achieve an interactive operation, the active power also needs to be 

controlled (e.g. to perform frequency control) [3]. However, in order to achieve control 

over the active power, one of two conditions must exist: either the primary energy source 

needs to be controllable or storage is needed on the DC-link. 
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  Fig. 1 Full rated power electronics interfaced DG systems 

 

Since most of the energy sources have comparatively slow dynamics, storage control is 

preferred if faster response is required (e.g. to compensate for certain dynamics on the 

grid). However, the cost of storage is still a main issue in the design of such systems [4]. 

This paper proposes a simple DC current chopper combined with the reactive power 

control to provide certain interactive capabilities for the power-electronics interfaced DG. 

Its function is discussed regarding two operational aspects; a) Fault ride-through 

capability, and b) Islanding capability. In addition, the provision of ancillary services 

(specifically the compensation for the variation of the voltage amplitude at the connection 

point) will be discussed in greater detail. 

Converter Interfaced Distributed Generation 

Production of the primary energy source and the grid dynamics may, over time, become 

uncorrelated as a consequence of the physical nature of the power source. The lack of 

correlation can result in frequent tripping of the distributed generation (DG) unit or in 

power quality issues. With a full power electronics interface to the grid, shown in Fig. 1, 

interactive operation of the DG unit is possible. Here both the active and reactive power 

can be controlled instantaneously in order to cope with the grid requirements. The front-

end DC/AC converter control is responsible for instantaneously controlling the reactive 

power injected into the grid. In addition, a storage control is used to instantaneously 

adjust the injected active power to the grid requirements. Further control of the primary 

energy source is required if storage needs exceed physical capacity or if additional 

measures for grid security and protection are imposed. 
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 Function description 

Controlling the power flow from the DG to the grid enables the following tasks: 

1) Contributing to system protection and security 

Generally, the production of active power from the primary energy source is kept as high 

as possible. However, the possibility of controlling this power production is available for 

most of the sources. For instance, the pitch angle of the blades on most wind turbines is 

controllable, thereby enabling the amount of wind power that is converted to active 

electric power at a given wind speed to be adjusted. The time response for the pitch 

angle is not very fast (a few seconds) but the method does at least offer a means of 

varying the active power input. 

The slow dynamics of the energy source means it cannot be used to mitigate phenomena 

occurring at the point of common coupling (PCC) within a time-scale of less than a few 

seconds. However, it can contribute to system security/protection measures (e.g. through 

communication signals as shown in Fig. 2). Such measures are usually required within a 

predefined time that complies with the time response of most of the energy sources. This 

might not be useful for small, single DG units, but it can become an essential feature for 

both medium to large distributed generation units or in the event of a large number of 

small DG  units connecting to the grid [1][8]. 

2) Coping with grid codes  

Besides the above-mentioned operational requirements, there are a number of power 

quality immunity requirements with which the DG must comply. Generally, the DG unit 

must be able to continue in operation during and after disturbances occurring on the 

transmission network. For instance, a ride-through capability in case of a fault at the 

transmission grid is a basic requirement for the connection of large numbers of DG units. 

A decrease of the voltage at the PCC will cause increased currents to be injected by the 

DG unit as a way to maintain constant active power injection to the grid [5]. Regarding 

the converter interfaced DG unit, the converter should be oversized in order to withstand 

such an occurrence. Another approach is to instantly reduce the amount of injected 

active power. This will require rapid control over the power flow from the energy source 

into the grid. To achieve this, a DC current chopper is introduced in the following section 

to temporarily interrupt the power flow from the energy source into the grid. 
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3) Providing ancillary services 

The mitigation of different voltage quality phenomena at the PCC may require the control 

of both reactive and active power injected by the DG unit (e.g. the mitigation of active 

power oscillations). Using the active power control to mitigate fast transient phenomenon 

at the PCC requires a comparatively fast dynamic system. Possible solutions may be to 

use an energy storage device or a dump load with a fast time response. An energy 

storage device can be used to both inject active power (to contribute to a temporary 

higher demand from the grid or compensate for a temporary decrease in production) and 

store excess active power. A load dump can only consume excess active power. 

The control of active power can also be accomplished by combining two or three different 

methods with different time constants. This is discussed below. The initial step to control 

the active power flow could be the use of a fast dump load or a DC current chopper (as 

proposed here). This could then be followed by a slower storage device and finally by 

changing the control commands at the primary energy-source controller (e.g. through 

pitch angle control of wind turbine blades). 

 Current controller description 

The injection of the maximum available power of a DG unit into the grid is controlled via 

voltage measurements at the PCC, as shown in Fig. 2. The main controller is a current 

controller that is implemented in a synchronous reference frame (dq-frame), which is 

synchronized with the grid voltage using a phase locked loop (PLL). The resulting 

measured, and sampled, voltage and current signals are then expressed as constant 

vectors in the dq-frame, where the d-component reflects the real quantities while the q-

component reflects the imaginary quantities. Hence, the controller is referred to as a 

vector current controller (VCC). 

 

 

 

 

 

   Fig. 2 Controlled DG grid connection 
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Using the VCC, shown in Fig. 3, the grid voltage vector edq and current vector idq are used 

together with the reference current vector i
*
dq to generate the reference voltage vector  

u
*
dq that is then used in the pulse width modulator (PWM) to generate the switching 

commands of the converter. The DG currents are limited due to the physical limitations of 

the converter. Hence, a reference current limit is applied in the dq-frame in order to 

stabilize the controller and achieve better transient response. The reference voltage is 

also submitted to limitations to comply with the DC-link voltage to avoid over-modulation 

operation of the PWM. The active reference current component, i
*
d , is generated in such 

a way to inject maximum power available from the DC-link, and in the same time to 

regulate the DC-link voltage. On the other hand, the PCC voltage can be regulated by 

using the reactive reference current component. A delay predictor is incorporated within 

the VCC in order to compensate for the inherited one sample time delay of the digital 

controller. 

 Fig. 3 Main current controller 

Dynamic Current limitation method 

The semiconductors comprising the front-end converter (usually IGBTs) do not have any 

over-current capability. That means they can only handle a limited current. Since the 

maximum available active power from the DG unit is usually injected into the grid, a 

smaller amount of reactive power is available, for example, to ride-through voltage dips 

without violating the current limit of the semiconductor switches. This eventually means 

that certain voltage quality phenomena at the PCC are not compensated for, which can 

lead to tripping of the DG unit. Hence, the current controller must include a dynamic 

current limiting algorithm in order to avoid tripping of the DG unit due to its over-current 

protection in the event of grid-voltage disturbances. 



7 

Dynamic Current Limitation to Provide Interactive features of  

Power-Electronics Interfaced Distributed Generation 

www.leonardo-energy.org  

The current limitation method affects the transient performance of the DG, as will be 

demonstrated below. In order to investigate the effects, it will be assumed that at 

nominal operation, the DG unit is only injecting active current, as shown in Fig. 4 by the 

current vector at a. This current vector reflects a full-power operation of the DG unit, 

which obviously is not always the case but supposed here as the worst-case scenario. 

Assume a grid disturbance causing the current vector moving to b. There are generally 

two methods of instantly limiting this vector; either by prioritizing the active current or 

prioritizing the reactive current. In both cases, the active current must be reduced in 

order to provide some reactive current (or power) during transients. This is implemented 

here using a DC-link current-chopper, which is explained in the next section. The 

amount of the active current reduction, x, is dependent upon the chopper size. 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4 Current limitation method 
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Prioritizing active current 

In this event, less active current reduction is required. However, at the same time, some 

reactive current is injected in order to provide some degree of flexibility. Referring to Fig. 

4, the current vector at b will be limited to c. 

Prioritizing reactive current 

In this case, a maximum amount of the reactive current must be injected instead to 

ensure proper operation during the transients. At the same time, the active current should 

be significantly reduced. This method, however, is also limited by the chopper size x. 

Referring to Fig. 4, the current vector at b will be initially limited to d. However, since that 

will require an active current reduction higher that x, the current vector will be limited 

instead to e. 

Interactive operation scenario 

As mentioned above, a dynamic current limitation will influence the transient performance 

of the DG unit. To improve this performance, an interactive time-domain-based control 

hierarchy can be used, as shown in Fig. 5. The mitigation measures for any transients 

appearing at the PCC may require both active and reactive power control. The reactive 

power control is achieved by using the front-end converter current controller; whereas 

active power control requires the control of the power flow from the DC-side of the 

converter. A rapid response can be achieved through a DC current-chopper control. If its 

physical limit is reached, additional storage (e.g. battery control) can be activated. If the 

control requirement persists once the storage limit is reached, the primary energy source 

controller may be activated. This controller has a comparatively slow time response and 

can also be dedicated to achieve security and protection measures on the grid through 

communication signals. 
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 Fig. 5 Interactive operation 

 

The interactive operation discussed in this paper is carried out through both the reactive 

power and active power control using a DC-link current chopper. When the chopper 

limitation is reached, it is assumed that the DG unit will disconnect from the grid and 

operate in an islanded mode. This operational scenario is demonstrated in Fig. 6 and is 

discussed in more detail below. In Fig. 6, the following curves are shown: 

(1) An example of an immunity requirement typically set by the transmission system 

operator (TSO) to guarantee that DG units remain connected to the system during a fault. 

This curve is a minimum requirement, which means that the unit is not allowed to be 

disconnected for any disturbance above or towards the left side of this curve. 

(2) The actual immunity of the DG unit determined by its controller settings. This is 

determined here through the dynamic current controller, which is ultimately affected by 

the chopper size and the unit protection. The shape of the curve will largely depend on 

the controller performance. 

(3) The limits set by the physical properties of the DG unit components such as thermal, 

dielectric, mechanical, and chemical properties. The design of the unit and the rating of 

its components determine this curve. The DG operator can affect this curve when 
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defining the required specifications of the unit. 

(4) The protection requirements set by the distribution system operator to ensure that the 

DG units will not interfere with the protection of the distribution system. This is the curve 

given in IEEE std-1547. This is a maximum requirement, which means that the unit shall 

trip for every disturbance below and to the right side of this curve. 

The remainder of this paper assumes that curves (1), (2), and (3) coincide. The 

protection issue, curve (4), is not discussed further in this paper. 

 

 

 

 

 

 

 

 Fig. 6 Example of voltage-tolerance curves for the immunity requirements of DG; 

(1) ride-through requirement, (2) actual operational immunity, (3) physical DG limit, (4) 

system-protection limit 

Current chopper control 

The instantaneous control of the power flow from the DG unit to the grid proposed here 

uses a simple DC-link current chopper, as shown in Fig. 7. 

 Fig. 7 Converter interfaced DG unit  
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The current chopper consists of a DC inductor, Ldc, in series with a thyristor switch that is 

activated in case of contingencies at the PCC. It is designed according to the following 

requirements: 

In the worst-case scenario, Ldc is to hold the total capacitor energy and the maximum DC-

link current Imax 

 
where udc is the DC-link voltage and is assumed equal to its reference value. 

The maximum chopper energy is related to the maximum allowed active current 

reduction x. This represents the maximum allowed difference between the DG unit input 

current Iin and the current to be injected at PCC idc. Generally, the current value x should 

be low, since that ensures a high switching frequency of the chopper and hence lower 

ripples in the DC-link voltage. The value of x is designed here to provide a voltage dip 

ride-through capability as well as a robust islanding detection algorithm, as will be shown 

below. 

Reactive power control 

A reactive power controller will generally be activated in the event that the voltage at the 

PCC deviates from its set value. The controller is implemented in the dq-frame. The 

instantaneous reactive power generated by the DG at the PCC is described as 

 
Where ed represents the voltage amplitude at the PCC, eq reflects the error in the voltage 

angle that is assumed here to be zero, id is the active current component, and iq is the 

reactive current component. Hence, the reactive current reference is generated to 

compensate for the error in the voltage amplitude using a PI-controller, as follows 

 
Where k is the sampling instant, kpr is the proportional gain of the PCC voltage regulator, 

Tir is the integral time, and e
*
d is the set value of the amplitude at the PCC. 
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Voltage dip ride-through 

A fault somewhere in the power network will cause a large current to flow into it until it is 

cleared (typically in the range of 50–500 ms). The fault current will result in a decrease in 

the voltage magnitude over a large area of the network. This temporary decrease in the 

voltage is called a voltage dip or sag. For locations close to the fault, the voltage dip can 

be very large, resulting in tripping of safety systems and production stoppages. 

Generally, grid operators impose voltage dip ride-though requirements over DG units, 

such as curve (1) in Fig. 6, but no special requirements are placed on the behaviour of 

the DG unit during the dip. 

With the major integration of DG units envisaged, increasing their immunity against 

voltage dips becomes an important feature [6]. The ride-through capability is treated here 

by allowing reactive power injection during the dip, using the controller described above. 

However, the current limitation method will also affect this capability. 

The dynamic current limitation method that prioritizes the injection of the reactive power 

during the dip is considered below. The impact of the chopper size on the ride-through 

capability is considered in relation to the estimated number of trips per year. 

Since the number of dips varies strongly at different locations in the power system, it is 

not possible to estimate the number of dips without having details of the network 

supplying that specific location and the number of faults in that network. However, a 

simple radial approximation of the network results in the following expression for the 

number of voltage dips due to faults, with residual voltage V (in per-unit) less than the 

nominal voltage (1 p.u.) [9] 

 
where kx is a location dependent factor. Measurements and simulations described in [9] 

and [10] show that this expression is an acceptable first approximation in the event that 

no other information is available, even for strongly meshed networks. Using (5) and 

different values of chopper size x, the estimated number of trips per year (divided by kx) 

as a function of the PCC voltage is shown in Fig. 8. For instance, with a voltage immunity 

of 0.8 p.u., the DG unit would have twice the number of the estimated trips if x = 0.2 p.u. 

instead of 0.3 p.u. It is worth noting that once the chopper size is increased beyond a 

  

 

 
V

V
kVN




1
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certain limit, it will have no further influence on the estimated number of trips. This is 

demonstrated by the cases when x= 0.3 p.u. and 0.4 p.u.: the two curves coincide. 

Referring to Fig. 4, this corresponds to the case when the current vector at d lies within 

the operational area of the chopper. 

 Fig. 8 Estimated number of trips with different chopper size; x= 0.1 p.u. (solid 

black), x = 0.2 p.u. (dashed blue), x = 0.3 p.u. (green with asterisk), and x = 0.4 p.u. 

(dash-dotted red that coincides with the curve x = 0.3 p.u.) 

 

It is worth noting again, that the result in Fig. 8 is an estimate, highly dependent upon the 

location of the DG unit and the grid impedance as seen from the DG unit connection 

point. For a more robust design of the chopper size, islanding capability should be taken 

into account. This means that the DG unit should be capable of riding through a certain 

voltage dip magnitude and of detecting islanding in case the grid voltage falls below that 

magnitude. 

Islanding detection 

The active islanding detection that is proposed here is composed of three parts: (1) a 

frequency-based passive detection algorithm, (2) the PCC voltage regulator, and (3) the 
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current limiter. The passive detection algorithm is the principal decision maker. It outputs 

a signal that changes the state of the controller from grid connected to island operation or 

vice versa. In some cases, for instance when the DG unit reactive power output matches 

the load reactive power consumption, the passive detection might fail to detect islanding, 

as shown below. Hence, a PCC voltage regulator is used to generate a reactive power 

mismatch in case of a change in the grid voltage. Moreover, in order to differentiate 

between voltage dips and an interruption, a current limit is set for the minimum voltage 

dip magnitude that the DG unit should ride-through without islanding. The three parts are 

explained in greater detail below. 

 Passive detection algorithm 

Starting from parallel (or grid-connected) operation, where the DG unit is aiming at 

controlling the active and reactive currents injected into the grid, the detection algorithm 

is activated to detect the grid outage. The algorithm uses the deviation between the 

estimated frequency signal ( ), which is produced by the PLL shown in Fig. 9, and the 

nominal value. The PLL estimates the angle of the positive sequence voltage ( ) in 

order to decrease the error in the event of unbalanced grid voltage. 

 

Fig. 9 Phase-locked-loop (PLL) functional blocks 

 

A time threshold ts is also incorporated to avoid false tripping due to grid dynamics. This 

time threshold is set to equal to the settling time of the PLL, which can be calculated 

using the PLL gain as follows 

 
where kpll is the proportional gain of the PLL PI controller. 

f̂

̂

  

 
pll

s
50ln

k
t  (6) 
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Once islanding condition is detected, the DG unit starts an island operation mode where 

the intent is to hold the local voltage and frequency at their nominal values as well as to 

adjust the injected active and reactive power to support the island loads. A grid switch is 

used to physically disconnect the island from the utility grid for safe operation. The active 

power control hierarchy shown in Fig. 5 is activated to adjust the DG power output to the 

load demand. Moreover, in this mode, the grid recovery detection is activated, measuring 

the voltage on the grid side. Once the utility grid has recovered, synchronization between 

DG unit voltage and grid voltage is carried out using an extra PLL on the grid side, after 

which the DG unit is reconnected. 

PCC-voltage regulator 

As mentioned above, the PCC-voltage regulator is incorporated as a part of the islanding 

detection algorithm since it reduces the non-detectable zone where passive detection 

would fail. This is investigated by introducing island loads that are quadratic voltage 

dependent and result in an active power mismatch (DP) of 0.15 p.u. and zero reactive 

power mismatch DQ = 0. The PCC-voltage regulator is first deactivated. The estimated 

frequency, which is the output of the PLL, is shown in Fig. 10(a) by the dashed line. A 

grid outage has occurred at 0.8 s due to a fault in the grid. The estimated frequency has 

a constant increase after 0.8 s due to a small change in the reactive power of the load 

that is, in turn, is the result of the increase of the PCC voltage, as shown in Fig. 10(c). 

This increase in the estimated frequency may be relatively small and, depending on the 

frequency threshold in the passive detection algorithm, may not successfully result in the 

detection of the islanding condition. By activating the PCC voltage regulator, the 

estimated frequency will continue to increase after the grid outage at 0.8 s, as shown in 

Fig. 10(a) by the solid line, due to the continuous increase of the reactive current injected 

by the DG unit, as shown in Fig. 10(b). Note that the current limiter in not activated in this 

example. 
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Fig. 10 Grid outage at 0.8 s, for zero reactive power mismatches (DQ = 0) and active 

power mismatch (DP) of 0.15 p.u., with and without the PCC-voltage regulator. (a) The 

estimated frequency. (b) The DG injected reactive current. (c) The PCC voltage 

amplitude 

Reactive current limiter 

The DG dynamic current limit that prioritizes the reactive current injection is implemented. 

Yet, one more limit over the reactive current is introduced in order to differentiate 

between voltage dips and grid outage conditions. 

The reactive current limit is set for the lowest voltage dip that the DG unit can ride 

through without detecting an islanding condition, as 

 
The current Iq,n is the measured reactive current amplitude that is injected during the 

normal operation (assumed zero). The second term in (7), Iq,dip, is the reactive current 

that is calculated to ride through a certain value of the remaining voltage during voltage 

dips (Vdip), and is calculated as 

  
 

dipq,nq,limitq, III  (7) 
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Where Vdip is in per unit, UPCC is the nominal voltage at the PCC, and kpr is the reactive 

power controller proportional gain. 

The reactive current limit is used to set the DC-current chopper size as illustrated by Fig. 

11. Suppose, for instance, a voltage dip magnitude that is less than the value used for 

the reactive current limit calculation. The current vector would normally be b, but will be 

limited to d, at the maximum allowed reactive current. The proper chopper size x (per 

unit) can be calculated using the figure and (7), assuming Iq,n is zero and Upcc equals 1 

p.u.: 

 
The lower Vdip is set in (9), the higher is x and the fewer trips per year due to grid faults, 

as explained above. 

 

 

 

 

 

 

 

 

 

 

 Fig. 11 Current limitation for both the reactive current and the total current 

 

  
 

  PCCdipprdipq, 1 UVkI  (8) 

  

 
 dippr 111 Vk  (9) 
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 Islanding detection robustness 

The islanding detection method should differentiate between a grid outage condition and 

other grid dynamics by producing the correct detection signal. The focus here is set on 

testing the proposed detection method in case of voltage dips that might appear at the 

DG unit connection point due to a remote fault on the grid. Since the local load could also 

affect the voltage at the connection point, the load behaviour should be included in the 

study. Active loads that could affect the state of the grid are assumed as the worst-case 

scenario. Hence, the following discussion assumes that an induction motor (IM) load is 

connected at the PCC. The motor load data are listed in Table I, and the grid impedance 

as seen from the PCC is 0.84 p.u. with X/R ratio of 10. 

 

TABLE I 
INDUCTION MOTOR DATA 

 

 

 

 

 

 

 

 

 

 

 

  

Generally, dynamic loads have a power consumption that is dependent upon the state of 

the voltage on the grid. Thus, the dynamic (or active) approach proposed here for the 

islanding detection is discussed using two different load inertias. Specifically, the effect of 

changing the reactive current limit on voltage dip behaviour of the system is tested with 

both high inertia and low inertia motors. 

 JL = 0.6 and DP = 0.4 p.u. (high inertia load) 

First the load inertia JL is set to 0.6. The active power mismatch at the grid (DP) is equal 

to 0.4 p.u. in steady state. The current limit (7) should be set so that the islanding 

detection method does not produce a detection signal during voltage dips the DG unit 

Symbol Quantity Value 

Um Nominal RMS line AC voltage 0.4 kV 

Pm Nominal power 45 hp 
f Nominal frequency 50 Hz 

Rs Stator resistance 0.0389  

Ls Stator leakage inductance 952 H 

Lm Mutual inductance 23.6 mH 

Rr Rotor resistance 0.0347  

Lr Rotor leakage inductance 1595 H 

Jm Motor inertia 0.4 kg.m2 
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should ride through. If the PCC-voltage decreases below a certain value, islanding 

should be detected. A remaining voltage amplitude (Vdip) of 0.3 p.u. is considered here as 

a threshold value between the ride-through operation and the islanding operation of the 

DG unit. 

The detection algorithm has been tested for the case of grid outage and for different 

voltage dips on the grid. The main signals are shown in Fig. 12, for a voltage dip starting 

at 0.8 s. 

Fig. 12 Estimated frequency (a), DG injected reactive current (b), and PCC voltage 

amplitude (c) for different amplitudes of the remaining voltage at the PCC (Vdip) with IM 

load (JL = 0.6) 

 

From the estimated frequency signals shown in Fig. 12(a), it follows that the detection 

algorithm will successfully detect islanding for Vdip lower than 0.3 p.u., since their 

estimated frequency is higher than the threshold value fthr. The estimated frequency 

signal for Vdip = 0.4 p.u. (and higher) is below the frequency threshold fthr that is set in the 

passive detection algorithm, implying that the DG unit will ride through this dip. When the 
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DG unit reactive current, shown in Fig. 12(b), hits the limit (at 0.9 s) for Vdip = 0.2 p.u., the 

PCC voltage, which is shown in Fig. 12(c), will keep a reduced value, causing the 

estimated frequency to increase. On the other hand, for Vdip = 0.4 p.u., the current limit is 

not reached; hence the PCC voltage will continue to increase until it regains its nominal 

value, keeping the estimated frequency signal under fthr. 

 JL = 0.1 and DP = 0.2 p.u. (low inertia load) 

In this case, the load inertia constant is set to 0.1, and the active power mismatch is 0.2 

p.u. Suppose a voltage dip with remaining magnitude of 0.3 p.u. occurring at 0.8 s. What 

will be the effect of changing the current limit on the reliability of the detection algorithm? 

ILim2 is set for the detection algorithm to ride through voltage dips lower than 0.3 p.u., 

while ILim1 is set for a value of 0.2 p.u. Using ILim2, the DG unit injected reactive current will 

reach the limit at 0.95 s, as shown in Fig. 13(b). However, due to the constant decrease 

in the PCC voltage, shown in Fig. 13(c), the IM will draw an increased current leading to 

an increased estimated frequency, as shown in Fig. 13(a). Hence, the islanding detection 

will start island operation at 1.05 s. On the other hand, using ILim1 will not start the island 

operation within the considered time scope, due to the slow dynamics of the system. 

Using ILim2 is the preferred option when taking grid codes into account, which stipulate 

that low value voltage dips should be either cleared or the DG unit should disconnect 

after a relatively short period (e.g. small and medium sized power plants should 

disconnect after 0.25 s for a 0.25 p.u. voltage dip to comply with the ride-through demand 

of Svenska Kraftnät, the national TSO in Sweden). 
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Fig. 13 Estimated frequency (a), DG unit injected reactive current (b), and PCC voltage 

amplitude (c) for two values of the current limit with IM (JL= 0.1) 

Flicker mitigation 

An example of ancillary services that a converter interfaced DG unit can provide to the 

grid is the mitigation of voltage amplitude oscillations at the PCC. Such oscillations may 

be caused by rapid, periodically changing loads that are connected to the grid. One of 

their direct effects on a distribution grid is light flicker [11]. 

The DC-link current chopper plays an important role in providing the DG unit with a flicker 

mitigation capability. The chopper operates continuously in this case, exchanging an 

oscillating energy with the DC-link capacitor in such a way as to compensate for the 

oscillating power and regulate the DC-link voltage. The active current injected into the 

grid, or idc in Fig. 7 (in per unit) is then calculated as 

 

where ir is the ripple current that depends on the oscillations at the PCC voltage and 

could be simply calculated as 

  
 

  rindc 1 iIi   (10) 
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The amplitude of the ripple current that can be compensated for — and hence the 

maximum amplitude of the voltage oscillations — is also limited by the chopper size x. 

This can easily be deducted from (10), where the maximum value of idc equals Iin. 

To investigate its flicker mitigation capability, the chopper size was set to 0.2 p.u. 

(reflecting about 0.25 p.u. voltage dip ride-through). Oscillating voltage amplitude was 

applied at the connection point (PCC) as shown in Fig. 14 (the current chopper was 

deactivated). Both the PCC voltage and the DC-link voltage are oscillating. The 

amplitude of the oscillation at the PCC is affected by both the oscillations at a remote bus 

(where an oscillating load is connected) and the feeder parameters (here X/R = 10 and 

Xs = 0.84 p.u.). Since the DC input current in assumed constant (assuming constant input 

power from the distributed energy source), the oscillations of the PCC voltage penetrate 

to the DC-link as oscillations imposed at its nominal voltage. Such oscillations may lead 

to tripping of the DG unit due to a DC-link over-voltage protection. With the DC-link 

current chopper in operation, better regulation of both the PCC-voltage and DC-link 

voltage is achieved as shown in Fig. 15. 

 

Fig. 14 Voltage amplitude at PCC (upper) and DC-link (lower) during a connection of a 

load at the remote bus generating voltage amplitude variation; reactive power control 
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Fig. 15 Voltage amplitude at PCC (upper) and DC-link (lower) during a connection of a 

load at the remote bus generating voltage amplitude variation; active/reactive power 

control 
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Conclusions 

In this paper, a simple DC current chopper has been introduced. Combined with reactive 

power control, it provides some interactive capabilities for power-electronics interfaced 

distributed generation. 

The current chopper allows for the implementation of a dynamic current limiting 

algorithm. During voltage dynamics, this reduces the active current command and 

enables more reactive current to be injected into the grid. It has been shown that, through 

the proper sizing of the chopper, better voltage dip immunity of the DG unit is obtained. 

Moreover, more robust islanding detection can be introduced where a clear distinction is 

made between an islanding condition and fault ride-through. 

The current chopper also brings along more flexibility for the mitigation of certain power 

quality problems. It has been implemented in the above case for the mitigation of the 

voltage amplitude variation at the connection point, resulting in better regulation of both 

grid and DC-link voltages. 
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