
Chapter 3 

Proposed Islanding Detection Scheme 

3.1 Introduction 

All techniques mentioned above are having drawbacks and unintentional islanding 

may take place. 

Out of the existing islanding detection techniques, positive feedback (PF) technique 

[30] and voltage unbalance and the total harmonic distortion (VU/THD) technique 

[22] are combined to form the proposed hybrid technique. 

Proposed method is a hybrid islanding detection technique for synchronously rotating 

DGs by using active [30] positive feedback-PF and passive UV /THD techniques [22] 

which can efficiently discriminate between load switching and islanding. Here the 

three phase voltages are continuously monitored at the DG terminals and VU is 

calculated for each DG. During disturbances VU is more sensitive than THD and 

hence THD is not used in this hybrid technique. Any disturbance applied to DGs, as a 

result of random load switching or islanding could result a spike of VU. To 

discriminate between VU spike due to islanding and that due to other reasons, another 

feature is added to this technique. Whenever a VU spike above set threshold value is 

observed, then set point of frequency is gradually lowered from 50 to 49 Hz within a 

second. Threshold value of 35 X VUavg is selected as the maximum permissible VU 

spike. Here VU avg is equal to average value of VU over the past one second. Once 

frequency set point is lowered, the frequency of DG output voltage is continuously 

monitored and if it falls below 49.2 Hz within next 1.5 seconds, it indicates that 

islanding has occurred and should disconnect DG from the grid. If frequency at the 

DG terminals remains close to 50 Hz; it means utility grid is energized and islanding 

has not occurred. The exceeding of VU could be a result of load switching or other 

transient disturbances that do not severely affect operation of power system. Then set 

point of frequency is restored back to 50 Hz. According to IEEE STD 446-1995 [13] 
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for small engine generators, a 5% frequency change can be tolerated up to 5 seconds 

and this technique comply with requirement. 

3.2 Algorithm for the Proposed Islanding Detection Technique 

Relevant algorithm for the proposed islanding detection technique is shown in figure 

3.1. 

~ 
~ 

Monitor Voltage Unbalance (VU) and three phase Under Voltage 

~ 
~ 

• 

1~ 
Change frequency set point of DG From 50 to 49 Hz 
and continuously monitor frequency for 1.5 seconds 

l 
~ ~ Change the frequency 1 L:.J 

Set point backs to • --+ 
50Hz, 1.5 seconds 

After the last VU spike 

Send a trip signal to the 
CB at PCC and restore 
The frequency set point 

Back to 50Hz 

6+----------' 

Figure 3.1- Proposed islanding detection technique. 
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3.3 Test System 

The proposed islanding detection technique was tested on two systems. The first 

system was taken from [12] and the second system was extracted from a part of33 kV 

feeder No. 08 of Ratnapura grid substation and was simulated using MAT LAB 

software. 

3.3.1 Test system (I) 

The system of figure 3.2 (The details for the simulation model is shown in appendix 

A) is composed of a 13.8 kV, three feeder distribution systems consisting of 20 nodes. 

The 13.8 kV distribution substations is equipped with a three phase 1.5 MV Ar, fixed 

shunt capacitor bank at node 7, four loads and two synchronous DG units with 

excitation and governor control. The load and DG capacities are given in the figure. 

The part of the system to the downstream of PCC 1 is called M G 1, and the part 

downstream of PCC2 is called MG2. Nodes at PCC1 and PCC2 have a synchronizing 

switch to check for in phase (synchronous) operation of the MG with the utility grid 

before closing the corresponding CB. 

In the system shown in figure 3.2, the phase voltages are monitored at the DG 

terminals, and the positive (V 1) and negative sequence (V 2) voltages and voltage 

unbalance V 2N 1 are calculated. Any VU spike over the permissible value given by (8) 

is investigated for islanding according to the algorithm given in figure 3.1. Details for 

the study system can be obtained from the diagram in Appendix A [12]. 
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Figure 3.2- Study system (I) 

3.3.1.1 Simulation of disturbances and results on test system (I) 

~ At t = 35s load 3, connected to MG2, switches on and at t = 40s load 2 

connected to MG 1 switches off. Both of these load switching causes VU 

spikes at the corresponding DG terminals. 

~ At t = 45s an upstream CB at node 9 opens and the utility supply goes out, thus 

causing an unintentional islanding. Islanding causes a VU spike at the both 

DGs. The purpose of these tests is to show how the proposed technique 

discriminates between switching and islanding. The simulation results for the 

above system are given in figures 3.3 to 3.7. Initially the system is under 

normal operation with both MGs isolated from the utility at their respective 

PCCs. Both MGs run at 50.02 Hz before connecting to the utility. This is done 

to bring the MGs in phase with the utility grid before making connection to the 

grid. The synchronizing switches placed at PCC 1 and PCC2 check the phase 

difference between the utility grid and each MG. In figure 3.3, a VU spike at 

DG 1 terminal can be seen at t = 25.97s. This spike is due to closing of the CB 
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at PCCl. The VU spike detection algorithm for DG1, given in figure 3.1, 

activates immediately after MG 1 connects to the utility. Hence this VU spike 

caused by connection to the utility is ignored. Another VU spike is observed at 

t = 26.86s which is due to closing of the CB at PCC2. This spike, being lower 

than the value given by (8), is also ignored. 

~ At t = 35s, load 3 in MG2 switches on. This switching does not cause a big 

change in the loading of DG 1. As a result, the VU spike seen by DG 1 is lower 

than the limit set by (8), and is again ignored. 

~ At t = 40s, load 2 in MG 1 switches off. This load switching causes a large 

spike in the VU monitored at DG 1 terminals, and is used to lower the 

frequency set point of DG 1 from 50 to 49 Hz. It can be seen in figure 3.4 that 

the frequency set point for DG 1 is lowered at t = 40s. Because the utility grid 

is energized, in spite of reducing frequency set point of DG 1 for 1.5 seconds, 

the frequency of DG 1 remains close to 50 Hz. Hence, islanding is ruled out 

and the frequency set point is restored to 50 Hz. 

~ At t = 45s, the CB at node 9 opens, causing islanding. As indicated in figure 

3.3, at t = 45s, islanding causes a large spike in VU at DG 1 terminals. Figure 

3.4 shows that soon after reducing the frequency set point at t = 45s, the 

frequency drops very rapidly and falls below 49.2 Hz, resulting a trip signal is 

sent to PCC1 and the frequency set point is promptly restored to 50 Hz. It can 

therefore be concluded that islanding is efficiently detected within a short span 

of time (in about 0.21 seconds). 

~ Figure 3.5 shows the VU spike at DG2. At t = 26s a VU spike is observed due 

to closing of CB at PCC2. This spike is ignored since the islanding detection 

algorithm for DG2 was not activated. This algorithm activates promptly after 

closing of CB at PCC2. 

~ At t = 35s, load 3 has switched in and a VU spike could be seen at DG2 

terminals. This spike is large enough to be acknowledged. Figure 3.6 shows 

that reduced frequency set point do not drop the frequency below the set point 

of 49.2 Hz at DG2 terminals. Thus islanding is ruled out at t = 36.5s 

~ Load 2 at MG 1 switches off at t = 40s and causes a large spike at DG2 

terminals. As seen in figure 3.6, this spike is again ruled out for islanding after 

lowering the frequency set point to 49.2 Hz for 1.5 seconds. It is noticed 
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lowering of frequency set point, does not lower the frequency at terminals of 

DG2. 

~ At t = 45s, due to islanding a large VU spike, is observed and therefore 

frequency set point of DG2 is lowered. This causes a quick fall of frequency at 

DG2 terminals as shown in figure 3.6. Soon after frequency reaches 49.2 Hz, a 

trip signal is generated and the CB at PCC2 opens. This frequency set point is 

restored back to 50 Hz, and MG2 continues autonomous operation. 

~ The effective speed of islanding detection for the whole system can be 

observed from figure 3.7. The CB at node 9 opens at t = 45s. Thus islanding 

occurs at this instant. In figure 3. 7, it is indicated that power to the 

intermediate load A is cut off by t = 45.21s, that is 0.21 seconds after 

islanding. This means that, by t = 45.21s both PCC1 and PCC2 have opened, 

which means, islanding is detected in 0.21 seconds. 

~ It is also observed that all VU spikes detected in this proposed technique last 

longer than 0.05 seconds. 

3.3.1.2 Salient features 

One of the important salient features of this proposed islanding detection system is to 

reduce the negative impact of the PF technique on the utility grid. In this technique 

only the DG that detects VU spikes larger than the set threshold value will change 

their frequency set point. The magnitude of the VU spike seen by DG depends on the 

size of the DG and distance from the disturbance. Comparing figures 3.4 and 3.6, it is 

noticed that when load 3 (in MG2) is switched on at t = 35s, only DG2, which is in the 

vicinity of disturbance, changes its frequency set point (figure 3.6), while the 

frequency set point ofDG1, remains unchanged (figure 3.4). This is a great advantage 

over the PF technique, where all the DGs connected to the utility work together at all 

times to try to destabilize the utility frequency and voltage. 
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3.3.2 Test system (ll) 

The proposed islanding detection technique was tested on a test system as shown in 

figure 3.8 and was simulated using MAT LAB. The distribution line parameters for the 

power system are given in Appendix B. The system figure 3.8 composed of two MGs, 

one at node 03 (PCC 1) and the other one at node 04 (PCC 2). Both these are equipped 

with synchronous switches. Node 01 is connected to a 33 kV, 50 Hz Ratnapura grid 

substation where fault level is 6.9 kA. The MG 1 connected to node 03, shown in figure 

3.9 is equipped with 02 numbers of 02 MW, 400 V synchronous generators totaling to 

04 MW capacity and are connected with the feeder No.08 through 0.4/33 kV 

transformers. It has two switching loads and one steady load. The loads are [ 1 + j 1] 

MV A each with one switching on at t = 45s and other switching off at t = 50s. MG2, 

shown in figure 3.10, is equipped with 02 MW, 400 V synchronous generator and is 

connected with feeder no. 08 through 0.4/33 kV transformer. This has a steady load of 

0.5 MW and a switching load of [1 + j 1] MV A, switching off at t = 55s. 
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3.3.2.1 Simulation of disturbances and results on test system (II) 

~ An unintentional islanding occurs when CB at node 01 opens at t = 60s. 

Simulation results given in figures 3.11-3.15 show that the two MGs 

disconnects themselves from the feeder in 0.15s, which is well within 2s limit 

[1]. 

~ Figure 3.11 shows the VU spikes at DG 1 terminals. The CB at PCC 1 closes at 

t = 11.74s and MG1 connects to the feeder. At this instant the VU spike 

detection algorithm for DG 1 starts operating. A VU spike due to closing of CB 

at PCC2 occurs at t = 35s. Also, VU spikes due to MG load switching (in 

figures 3.9 & 3.10) occur at t = 45, 50 and 55s. These are all small enough to 

be neglected. 

~ At t = 60s the CB at node 01 opens and islanding occurs. As a result, a large 

VU spike is detected at the terminals ofDG1 (Figure 3.11). This causes a drop 

in frequency set point from 50 Hz to 49 Hz, as shown in figure 3 .12. As soon 

as the frequency of DG 1 drops to 49.2 Hz, a trip signal is transmitted to the CB 

at PCC1, which isolates MG1 from the feeder and its frequency set point is 

restored to 50 Hz. Thus sanctioning autonomous operation ofMG1. 

~ Figure 3.13 displays the VU spikes at DG2 terminals. VU spike detection 

algorithm for DG2 starts immediately after MG2 is connected tot 

= 34.89s. The load switching at MG 1 cause VU spikes at DG2, 
r:; 

small and are ignored. However, the VU spike due to a load switching in the 
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proximity of DG2, at t = 55s, is large and hence causes a change in the 

frequency set point of DG2. From figure 3.14 it can be seen that, in spite of 

lowering the frequency set point at t = 55s, the frequency still remains close to 

50 Hz; islanding is therefore ruled out. Islanding occurs at t =60s, and the VU 

spike at terminals of DG2, as seen in figure 3.13, is large enough to be 

detected. A reduction in the frequency set point causes a significant drop in the 

frequency. As soon as the frequency drops to 49.2 Hz, a trip signal is sent to 

the CB at PCC2 and MG2 disconnects from the feeder. The frequency set 

point of DG2 is now restored to 50 Hz, thus permitting an autonomous 

operation ofMG2. 

~ In figure 3.13 it can be seen that the VU spike due to load switching at MG2 at 

t = 55s is much larger than the spike due to islanding at t = 60s. Hence, if 

VU/THD technique is used by itself, then a false tripping would result at t = 

55s. It is therefore clear that hybrid islanding detection technique proposed is 

superior over the VU/THD technique. 

~ The islanding detection speed for the overall system of figure 3.8 is shown in 

figure 3.15. The CB at node 01 opens at t = 60s, thus causing islanding at that 

instant. It is seen in figure 3.15 that at t = 60.15s current through load A is cut 

off. This means that, by t = 60.15s both PCC1 and PCC2 have opened, which 

means islanding is detected within 0.15s. This is well within the 2 second set 

for islanding detection [ 1]. 

32 



0.06 

0.05 
(1) 
u 0.04 c: ro 

-ro 
.0 
c: 0.03 ::l 
(1) 
C) 

ro ...... 0.02 ~ 

0.01 -

~ 

....I. 

35 

...... 
50.2 c: 

'6 
0.. 
...... 
(1) 

50 (/) 

u 
c: 
Q) 

5. 49.8 
Q) ..... -"0 

lij 49 .6 
>-u 
c: 
~ 49.4 
0' 
Q) ..... 

lJ... 
49.2 

49.0 
0 

VU measured at OG 1 terminals 

Load sw 1tches on at 
MG1 

1=45 s. VU=0.008034 

Load switches 
off at MG1 

Islanding occurs 

t•60 s , 
VU=O.OSJ92 

1\11G2 co11nected to the 
utility \ !=50s 

VU=0.007932 Load switches off at 
MG2. 1=55 S , 

VU=0.002586 t= 35 s. VU=0 .002341 
I 
~ 

VU spike detection signal 

"-

40 45 50 55 
Time in seconds 

Figure 3.11- VU measured at DG1 terminals 

F equency and frequency set point of micro-grid 1 

Frequency 

.... 
T'"'' 

Frequency 

' l ,._ 

When micro-g ri d 1 is connected to utility the 
frequency set po int is lowered from 50.02 to 
50 Hz 

Islanding is detected at 50.15 and frequency 
set point is restored to 50 Hz 

-..[\._ 

-·· 
10 20 30 40 50 60 

Time in seconds 

Figure 3.12- Frequency and frequency set point ofDG 1 

~ ~ j 
60 

70 

33 



Q) 
(j 

c 
('II 

(ij 
.s:l 
c 
:::J 
Q) 
01 
!!! 
0 
> 

c 
'(5 
c. 
a; 
(/) 

> 
(.) 

c: 
Q) 
:::> 
C' 
Q) 

.: 
'C 
c: 
('II 

C; 
c: 
Q) 
:::J 
C' 
!!! 
u... 

0.12 

0.1 

0.08 

0.06 

0.04 

0.02 
1- ,. , 

0 1 
35 

50.4 

50.2 . 
A'" 

VU measured at DG 2 terminals 

Load switchos off at MG2 
t=55 s. VU=O 1029 

, _ __,_ .. 

MG2 gets conn~1ed 
to the ut ility 

t=35 s, VU;;;0.01488 

Load SINitchlng 

atMG1 

.,. 

Load switching at 
MG 1 

t=50 s. VU=0.001943 

, VU=0.002122 .., 

VU spike detection signal 
_ _... 

40 45 50 

Time In seconds 

Figure 3.13 - VU measured at DG2 terminals 

Frequency Frequency 

Islanding occc,ars 
;;;6Q s. VU=O Of74 

4 

___ ,.. 

55 60 

50.0 rr- ~ f Micro-grid 2 gets connected to the utility 
49.8 

49.6 

49.4 

49.2 

49 

48.8 

48.6 
0 

Frequency set point is changed to 49 Hz due to a VU spike __ _ 
caused by load sitching 

~ 

Islanding IS detected at 50.1 5 sec. and frequency set point is re stored to 
50Hz 

10 20 30 40 50 60 

Time in seconds 

Figure 3.14 - Frequency and frequency set point ofDG2 

70 

34 



(I) 

~ 
Q) 
0.. 
E 
(1:1 

.!: 
~ 
"C 
(1:1 

.9 
B 
"E 
~ 
::! .., .... 
0 
Q) 
::! 
iii 
> 
(I) 

::i: 
0:: 

RMS value of curren to intermediate load A 

14 

12 
~--------~------~-------~ ,/ 

, • 
,..,-

10 ~ 

8 

6 

4 

2 

0 
0 10 

Islanding is detected by both micro-grids by 50.15 s 
load A is cut off 

20 30 40 50 

Time is seconds 

60 

Figure 3.15- Current to intermediate load A verses time in seconds. 

-l 

70 

35 


	93954( 3 ch 21)
	93954( 3 ch 22-35)

