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Abstract. This paper proposes a seamless transfer strategy based on the droop control strategy 

for three-phase converter in microgrid, which consists of the voltage limiter and the frequency 

limiter. In grid-connected mode, both the two limiters don’t work, and the VSC is controlled 

by PQ control, transmitting constant power between micro-sources and power grid. When the 

unplanned islanding occurs, the PCC voltage and frequency may exceed the allowable range 

because the reference of active power and reactive power are not equal to the loads power. 

Then the voltage limiter and the frequency limiter begin to take effect, ensuring the power 

supply quality for loads. The difference between the input signal of these two limiter and the 

output signal will pass through the proportional regulator, and the new references of active 

power and reactive power can be obtained according to the droop curve. After the islanding 

detection detects the islanding condition, the control strategy will be changed to the droop 

control. All the converters can work in parallel and provide the voltage and frequency supply 

for loads. At last, the simulation results verified the proposed seamless transfer strategy. 

1. Introduction 

Microgrid is an integrated system which is composed of micro-sources, energy storage system and 

local loads. It’s a new structure of power supply which can make full use of distributed generation 

(DG) and guarantee the reliable power supply for critical loads [1]. Thus, microgrid has aroused 

extensive concern for these years. The typical topology of microgrid is shown in Fig.1. DGs and 

energy storage equipment usually connected to the power grid by three-phase voltage source converter 

(VSC) [2]. 

Usually, microgrid has two operation mode, i.e., grid-connected mode and islanding mode. In grid-

connected mode, the DGs and energy storage equipment usually work as current sources, and constant 

power is transmitted between the microgrid and the power grid [3]. In islanding mode, converters in 

the microgrid are usually controlled by V/f control or droop control, working as voltage sources and 

providing the voltage and frequency supply for the loads in microgrid [4]. 

Droop control is widely used to realize the automatic power sharing between different micro-sources 

without telecommunication lines, especially for parallel converters used in microgrid. The output 

characteristics of converters controlled by droop control are imitate as the synchronous generator. 

Several papers have studied droop control, such as [5]-[7].  
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When the unplanned islanding occurs, in order to realize uninterrupted power supply for critical and 

sensitive loads in microgrid, seamless transfer strategy for three-phase converter in microgrid is 

necessary and has also attracted lots of attention. In [8], a control scheme is presented, wherein the 

micro-source inverter works in voltage control mode amid stand-alone operation. And in current 

control mode amid grid-connected operation and switches over easily between these two modes during 

the transition phase. In [9], a soft-start virtual impedance and single loop current feedback control is 

proposed to transfer between the islanding mode and the grid-connected mode seamlessly. In [10], a 

transfer strategy based on output current of the three-phase converter with energy storage in the micro-

grid is proposed, which consists of an external inductor current loop, a grid voltage loop and an inner 

inductor current loop. 
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Figure 1.The schematic of typical microgrid 

 

In this paper, a droop control based seamless transfer strategy for three-phase converter in microgrid is 

proposed. Starting with the typical topology of three-phase converter in microgrid, the principle of 

droop control method is introduced briefly. Then, according to the characteristics of droop control, the 

seamless transfer strategy is designed, which contains the voltage limiter and the frequency limiter. 

The limiters begin to take effect only under the circumstance that the voltage or frequency at the point 

of common coupling (PCC) exceeds the limit value when the unplanned islanding operation occurs. 

After the islanding condition is detected by islanding detection techniques, the control strategy can 

switch to the droop control. All the converters can work in parallel and provide the voltage and 

frequency supply for loads. At last the simulation verifies the proposed seamless transfer strategy. 

2. Droop control strategy 

2.1. The topology of three-phase converter in microgrid 

The three-phase converter in microgrid is usually used for connecting micro-sources with grid. When 

the microgrid is operating in grid-connected mode, the converters are controlled by PQ control [11]. 

PCC voltage is supported by grid. The converters work as current sources, transmitting constant power 

into the grid. When in islanding mode, there are two kinds of control strategy, master-slave control 

and peer-to-peer control. The latter control strategy usually adopts droop control mode to control all 

the converters paralleled in microgrid [12]. The typical topology of converter is shown in Fig. 2. 
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Figure 2. The topology of the typical three-phase converter in microgrid 

 

The micro-source can be equivalent to a constant DC voltage source. VDC is DC voltage. S1~S6 are the 

insulated gate bipolar transistors (IGBT). Lf is AC filter inductance. Cf is AC filter. iLa, iLb, iLc are the 

output currents of VSC. iLLa, iLLb, iLLc are the currents in loads. iga, igb, igc are the currents flowing 

between the power grid and microgrid. 

2.2. The relationship of paralleled converters  

In Fig.3, the single-phase equivalent circuit of two converters in parallel is shown. Define i as the 

serial number of converters. Ei is output voltage of converter. Ri and Li respectively are the resistance 

and inductance of equivalent line between converters and PCC,. U is PCC voltage. RL and LL are the 

loads’ resistance and inductance respectively.  
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Figure 3. The single-phase equivalent circuit of two converters in parallel 

 

According to Fig.3, the output power of converters can be calculated, as shown in equation (1). 
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Usually, Li ≥ Ri, and the δi is very small, so the sinδi is approximately equal to δi. Thus, equation (1) 

can be simplified, as equation (2) shows. 
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2.3. The principle of droop control 
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According to equation (2), the active power Pi is related to the phase angle δi, and the reactive power 

Qi is related to the output voltage of converter. And the phase angle is dependent on the frequency, so 

the output active power can be controlled by changing the frequency of output voltage. Thus, the P-f 

droop characteristic and Q-V droop characteristic can be obtained, as shown in Fig.4. 
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a. Curve of P-f droop characteristics b. Curve of Q-V droop characteristics 

Figure 4. The frequency and voltage droop characteristics 

 

Fig.4 can be expressed by equation (3). The output voltage and frequency of converters will be 

controlled according to the output power. Equation (3) corresponds to the droop control module in 

Fig.5, in which the control block diagram of droop control is shown. 
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Figure 5. The control block diagram of droop control 

 

3. Proposed seamless transfer strategy 

3.1. Basic idea of proposed strategy 

When the unplanned islanding operation occurs, because of the time delay of islanding detection 

technique, the converters in microgrid are still operating in grid-connected mode, controlled by PQ 

control. If the reference of power is not equal to the loads, the quality of PCC voltage may be damaged, 

and the critical loads may work improperly even breakdown. In order to prevent this case, the 

seamless transfer strategy proposed by this paper designs the frequency limiter and voltage limiter, as 

Fig.4 shows. The difference between the input signal of these two limiters and the output signal will 

pass through the proportional regulator, and the new reference of active power and reactive power can 

be obtained according to the droop curve. 
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Figure 6. The frequency limiter and voltage limiter 

 

It is necessary to consider the allowable range of frequency fluctuation when designing the limit value 

of the frequency limiter, as equation (4) shows. Df-max and Df-min are the upper limit and lower limit of 

the frequency limiter respectively. fn is the acted frequency. Δf is the frequency deviation. 
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The voltage limiter is the key to providing the voltage supply with good quality for loads during the 

transfer from grid-connected mode to islanding mode. According to IEEE Std_1547 2003 [13], the 

voltage fluctuation should be within 10% of rated voltage in the case that the rated capacity of 

converter is lower than 500kVA. So the voltage is designed according to equation (5).  
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3.2. The control block diagram 

The control block diagram is shown in Fig.5. The part which is in a dotted box is the droop control 

unit. And the outside part is PQ control unit. The switch between droop control and PQ control can be 

controlled by the single-pole double-throw (SPDT) switch. When the microgrid is operating in grid-

connected mode, the frequency limiter and voltage limiter is ineffective because the PCC voltage and 

frequency is supported by the power grid. The SPDT selects the PQ control to control the converters. 

When the unplanned islanding occurs, if the PCC voltage and frequency exceeds the bounds of these 

two limiters, the reference of voltage and frequency would be the limit values. And the new reference 

of active power and reactive power can be obtained from the difference between the input signal of 

these two limiter and the output signal and the droop curve, which is shown in equation (4). 
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Figure 7. The frequency limiter and voltage limiter 



6

1234567890 ‘’“”

2018 2nd International Conference on Power and Energy Engineering (ICPEE 2018) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 192 (2018) 012028  doi :10.1088/1755-1315/192/1/012028

 

 

 

 

 

 

 

 

0 lim o

0 lim

1

1

P P f f
m

Q Q E E
n






  


   


                                                       (6) 

In equation (4), Elim and flim are the limit values of the voltage limiter and frequency limiter 

respectively. P* and Q* are the references of active power and reactive power caused by the frequency 

and voltage fluctuation in unplanned islanding situation. Thus, the output power of converter can be 

equal to the loads. The PCC voltage and frequency can be guaranteed within the prescribed range. 

After the islanding detection technique has detected the islanding condition, the SPDT selects the 

droop control to control the converters. Thus, the seamless transfer can be realized. 

4. Simulation results 
The simulation is presented to verify the droop control based seamless transfer strategy for three-phase 

converter in microgrid. The parameters of the simulation model are shown in Table 1. 

 

Table 1.The parameter of the main circuit in simulation 

Parameter Value 

DC voltage Vdc 700V 

Filter inductance Lf 3mH 

Filter capacitor Cf 20μF 

Slope of P-f droop curve m 0.005Hz/W 

Slope of Q-V droop curve n 0.0038V/Var 

The reference of active power in 

grid-connected mode Pref 

7.75kW 

The reference of reactive power in 

grid-connected mode Qref 

0kVar 

loads 30Ω 

 

The unplanned islanding occurs at t=0.175s, and the loads are increased at t=0.275s. The results are 

shown in Fig.7. The PCC voltage, the output current of converter, the load current and the current 

flowing between power grid and microgrid are shown in Fig.7(a).The output active and reactive power 

of converter are shown.in Fig.7(b). 

Fig.7(a) shows that, after the unplanned islanding occurs, the PCC voltage and frequency are limited 

within the acceptable range via the seamless transfer strategy. The loads can work properly when the 

unplanned islanding is occurring. Fig.7(b) shows that the converter can provide the power supply for 

loads when the unplanned islanding is occurring. And after the islanding detection technology detects 

the islanding condition, the control strategy can switch over to the droop control. When the loads are 

increased, the output power of converter can fit the load power by changing the output frequency and 

voltage of converter in islanding mode. 

The simulation results shows that, the droop control based seamless transfer strategy for three-phase 

converter is useful to realize the seamless transfer between PQ control and droop control. The 

frequency limiter and voltage limiter can ensure the PCC voltage within the allowable range. The 

critical loads can work normally in the transfer process. After the control strategy switches over to 

droop control, the converter can provide the frequency and voltage supply with good quality for loads. 
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(a) The PCC voltage, output current of 

converter, the load current and the current 

flowing between power grid and microgrid 

(b) The output active and reactive power of 

converter 

Figure 8. The simulation results 

 

5. Conclusion 

This paper proposes a seamless transfer strategy based on droop control for three-phase converter in 

microgrid, which contains frequency limiter and voltage limiter. When the unplanned islanding occurs, 

the limiters can ensure the PCC voltage and frequency are within the required range for proper 

operation of loads. After the islanding detection technique detects the islanding condition, the control 

strategy switches over to the droop control unit, controlling the converters work as voltage sources and 

provide the voltage and frequency supply for loads. At last, the seamless transfer strategy is verified 

by the simulation results. 
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