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Fig. 8. Experimental results of a three unit single phase microgrid in different load and PV generation conditions 

output power, the output power of Unit3 decreases and f 
increases based on (11). After 3s, criterion (16) is validated in 
Unit2 and it returns to State 3. As a result, its PV generation 
drops accordingly.   At t=120s, the irradiance of Unit1 PV is 
increased leading to increase in its maximum power from 300W 
to 600W. Consequently, the output power of Unit1 increases to 
200W. Since the load power is constant, the output power of 
Unit3 is decreased and f is increased according to (11). After 3s, 
criterion (16) is validated in Unit1 and it also returns to State 3. 
At this point, all units are in State 3. At t=140s, the load is 
increased to 500W but the units remain at State 3 and the output 
power of all units increase equally. At t=160s, the load is 
increased to 800W and Units 1 and 2 reach their maximum PV 
power and change to State 2. At t=180s, the load is increased to 
1100 W. Consequently, Unit3 also reaches its maximum PV 
power and changes to State 2. Since all units are in State 2, 
frequency decreases until saturates at fmin. At this point, all the 
units change to State 1. However, since Unit3 battery charging 
power determined by (8) is more than its maximum value, it 
returns to State 2. At t=200s, the load is increased to 1400W. 
The output powers of Units 1 and 2 increase, resulting in 
decrease in f  based on (8). After 3s, Unit3 also changes to State 
1 as the criterion (14) is validated. At this point, all units are in 
State 1 having same battery charging powers. At t=220s, load 
is increased to 1700W and the charging power of all units 
decrease equally to -4W.  

Fig. 9 shows the system response to step load change. At 
t=20s the load is changed from 1650W to 100 W and at t=40s  

 

 
Fig. 9. Step load response 

it is returned to 1650W. The proposed method successfully 
changes the state of all the three units from State 1 to State 3 
and then from State 3 to State 1 to cope with the load variations. 

Fig. 10 shows how the units go to output power limiting state. 
It is assumed that the maximum power of each unit is Pout-

max=750W. At t=20s, the load is increased from 1600 to 1950W. 
 






