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4. Case study for Galle Grid Substation 

A comprehensive study on the real system behaviour is an important necessity. 
Factors like convenience in fixing equipment, flexibilities in supervision etc, made the 
selection further easy. The load curves both real and reactive were compared with the 
system behaviour and found satisfactorily matching and representing the system as a 
whole. 

The Galle GS is the one of the oldest substation in Sri Lanka. It consists of a two 132kV 
transmission line which comes from the Balangoda GS and two 132kV/ 33kV power 
transformer. Apart from that GS was introduced Static V AR Compensator (SVC) and four 
numbers of 5MV AR capacitor banks. Due to the radial nature of the system the voltage 
and V AR variation in the GS is substantial compared to other GSS in the country. 
However, studying the total system is practically impossible in a live system. 

There are lots of operational difficulties for precise data collection and measurements in 
an operating system. However, a case study is a sufficient and satisfactory solution for a 
research like this. Such a sample study has to be selected to represent the total system as a 
whole. On the other hand , the duration during which the data collection and measurements 
is done, shall cover a substantial duration to represent the actual system variations. The 
general practice of such a study is to have one week duration. 

4.1 Substation details 

Sub station capacity 
Incoming Transmission line 

No of feeders 

- 2 x 30 MV A transformers 
- Connected to Balangoda GS I Double 

circuit connection 
- 8 

No of capacitor banks - 4 x 5 Mvar 
Maximum average night peak - 59MW +33Mvar 
Minimum average load - 27MW + 16Mvar 

4.2 Collection of the system data and measurements. 

Following on line measurements were recorded for 7 days cycle at 132kV and 
33kV voltage levels. Two on line data loggers were used for recording data, one at 33kV 
voltage level and . 

33kV side measurements- MW and Mvar 
- 33kV bus voltage 
- Power factor at 33 k V incomer - Transformer 2 
-Tap position of on load tap changer - transformer 2 

132 kV side measurements - MW & Mvar 
-Power Factor at 132kV bus bar 
- 132kV bus voltage 
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Using these measured data computer simulation model ·was designed using PSCAD which 
is the simulation software used for the network simulations. Following the results of these 
simulations, the same measurements were done with all four capacitor banks forcibly 
connected to the system. 

4.3 Measuring devices and data loggers 

The following standard data logging equipment with their sensing equipment 
were used in measuring and recording the data. 

• LEM Qwave Primium - power quality Analizer 

• Ellite 4 - Pholyphase power meter 

Figures 4.1 and 4.2 show the equipment and their sensing devices used for the data 
logging and recording. 

Figure 4.1 (a) Ben analyzer connected 
for 33kV measurements 

Figure 4.1 (b) Analyzer connected for 
132kV measurements 
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Figure 4.2 How the sensing equipments are connected 

4.4 Variation of the power factor in the system 

Figures 4.3(a) shows a regular daily pattern with two peaks. One peak can be observed 
around 5.00hrs in the morning, during the morning load peak. The second peak is during 
the night peak time at around 19.00 hrs. Figure 4.3(b) indicates one day time window of 
the variation of the PF. 
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July 2009 

4.5 Switching pattern of capacitor banks in the Substation 

The behaviour of the capacitor banks in the substation with the present switching criteria 
was observed. The capacitor controller installed at Galle grid substation behaves as 
follows [7] . 

Controller 

Type 

- Masterpiece 20 ASEA controller 

- ASEA-095-222-AOOO S 

Switching ON criteria; 
If measured power factor (Cos<p,) < 0.95 

Switching OFF criteria; 
If Cos<p2 > Cos<p1 * (1 + Hysteresis/1 00) 

Where Cos<p2 = Power factor calculated from 
the actual cos~ value and set cos~ value 

Hysteresis= A setting value defined by user (set value 
10%) 

Cos<p1 = Set power factor (0.95) 
If the PF is below this value BSC bank will 
switch on according to the program set by 
Masterpiece 20 

By observing the switching patterns, the following factors are noticed. 
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difference (i:e controller in independent mode of operation when the 33 bus 
coupler OFF) 

• In the independent mode, two capacitor banks (one for each transformer) 
are in ON state through out the day. In the master slave mode, most of the 
time four capacitors are in ON position. 

• In master slave mode, since four banks are ON in the mid night time, i.e. 
approximately after the night peak time and up to around 6.00 hrs morning, 
the sub station operates at a high leading power factor. 

• In the real situation, during the period with lightly loaded lines especially in 
mid night, the line capacitances dominate and Ferranti effects causes high 
voltages at load ends. Addition of capacitors during such a period at 
substation makes the situation worst. Due to this, the control centre 
sometimes instructs to switch off the capacitor banks manually. Under such 
circumstances, due to operational difficulties, the operators switch off the 
controllers and hence all the banks are switched off. When operating a 
transmission network, this kind of leading reactive power compensation is 
also necessary. Although this is an un-economical situation as far as the sub 
station is considered, it is unavoidable. The situations like this once again 
prove that the power factor regulation is not the best switching criteria for 
CEB sub stations. 

• Daily switching pattern shows that even at times where all four banks can 
be switched on, there are occasions where the controller switches only 
three banks especially during daytime. This may be due to the flat profile 
of the power factor during such periods. Both real and reactive power 
increases in the same proportion keeping the power factor unchanged. The 
controller does not consider reactive power increase if there is no decrease 
in power factor below limits. 

• When the banks are switched off at nights manually to avoid voltage rises 
and again put into auto mode in the next morning, then the switching 
pattern disrupts and become even more uneconomical. 

4.6 Uncompensated reactive power 

The best operational criterion for the substation is to operate its loads close as 
possible to unity power factor as far as the losses are concerned. The data measured and 
recorded shows that there are occasions where reactive loads could be further 
compensated by the capacitor banks while they are not fully utilized, to minimize line and 
transformer losses. The breaker switched capacitors operates in steps and hence they give 
poor regulation. Low power factors whether lagging or leading gives same effects as far as 
losses are concerned. However, under the conditions where transmission network needs 
reactive power, operate with leading power factor can be considered. 
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The function ofthe on load tap changer (OLTC) is to adjust the LV bus voltage to its 
nominal value. When the load is high, the bus voltage is low due to IZ drop and tap 
changer raises its tap to high position to adjust the terminal voltage. 

The voltage rise obtained by raising one tap position up, is 1.25 % of the voltage at the 
point of measuring. This is as per the specifications of the OLTC. At 33kV voltage this 
rise is about 0.4125 kV. The approximated percentage voltage rise given by switching one 
5Mvar capacitor bank is given as (kvar I kva) * X1 Where kvar = addition of reactive 
load, kva = transformer rating and X1 = transformer reactance irr % [8]. When two 
transformers are in parallel, this value becomes 0.65% and the voltage rise is 0.2063kV at 
33kV. 

As these figures suggests, the effect of rise in one tap step is same as adding two 5Mvar 
capacitor banks when two transformers are paralleled or one 5Mvar banks when one 
transformer is connected. Tap changer adjusts the voltage by adjusting the transformer 
ratio but capacitor banks by reducing the reactive power through the transformers and 
tranmission lines. Further it reduces the currents and hence the losses and release the 
euipment capacities. Therefore, the reactions of capacitor controller and A VR has to be 
optimally utilized [3]. 

Multiple Run Output File No cap banks 

Run# Tap Position HVVoltaqe LV Voltaqe Ph Anq LV LV MW LV MVar TF HV Current 

1 .9250000000 74.78120511 33.50227824 -23.51500332 47.12524546 20.50556929 .1714195128 

2 .9400000000 74,79557315 32.9!!062952 . -23 .. 51500149 _45.66920959 19.872005\'11 . ,,16()Q712497~:c~~7··~~·(B) 

3 .9550000000 74.80926471 32.4 7 4 76970 -23.51500464 44.27907683 19.26711830 .1609690167 ,, 
4 .9700000000 7'4.62232163. 31 911400256 . -23.51500323 42.95096263 . 18,\')8921707 .1560980129 ~-~---·······(A) 

5 . 98 50000000 74.83478258 31 .50767152 -23.51499635 41.68126197 18.13673328 .1514445311 

Multiple Run Output File 3 cap banks 

Run# Tap Position HV Voltaqe LV Voltaqe Ph Anq LV LV MW LV MVar TF HV Current 

1 .9250000000 75.17429356 34.45411052 -6.171918169 49.83944434 5.389319552 .1621685425 

2 .9400000000 75.17643599 33.91244808 -6.17207 4955 48.28522601 5.221766022 .1570913437 

3 . 9550000000 75.17849488 33.38725110 -6.171084037 46.80027560 5 060076609 .1522262048 

4 .9700000000 ?s.1~ao3815S ... 32.87809638 ,6.1?oeo8773 45.38412407 .4 .. 906991965 , 1476J88801:c:~~:c~-·~~(C) 

5 .9850000000 75.18219740 32.38406964 -6.171620046 44.03061954 4.760750879 .1431963655 

Table 4.6 Out of the simulation and actual reading 

The Table 4.6 gives an extract from a output file showing simulation results for LV and 
HV voltage, MW and Mvar at LV side and transformer HV side peak currents under 
different tap positions with no capacitor banks and with four capacitor banks. (simulation 
results for conditions at 20.30 hrs on 23.07.09) If the condition starts from point (A) in 
table 4.6, It stabilizes at point (B) under tap changer control and ends at point (C) when 
capacitors are switched on by a voltage control scheme [3]. 
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From (A) to (B), the results shows 3% voltage rise, 6% real power increase, 5 %reactive 
power increase and 4% current increase. From (A) to (C), there is a voltage increase of 
3%, real power increase of 5% but the current and reactive power reduces by 6.6% and 
71% respectively. This shows the effectiveness of both control loops when operates 
independently. 

l: 
"I 
i 

~ 
!if 

i 

I 
~ 

~ 

85.00 ,-----------------------------------------------------------------------------, 16 

- - - - .. - .. - - - - - .. - ... - - - - - - - - - .. - - - - - - - - -- 15 
8 3 .00 

81 .00 

79.00 

77 .00 

75.00 

73.00 

71 .00 

69.00 

14 

13 

12 6 
11 i 
10 ~ 

: i 
7 ~ 
6 '!5 
5 i 
4 

6 7 .00 
I 1 3 

6 5 .00 L---------------------------------------------------------------------------------~ 
21 .01 .2009 21 .01 .2009 21 .01.2009 21.01.2009 21.01 .2009 22.01.2009 22.01 .2009 22 .01 .2009 22 .0 1 .2009 22.01.2009 

00:00:00 05:00:00 10:00:00 15:00:00 20:00:00 01 :00:00 06:00:00 11 :00:00 16:00:00 21 :00:00 

Time of Day 

-- 132kV bus voltage - - Nommal132kV voltage 
- • Max. Continuous 132 voltage --No of Cap Ba nks 
- - N o of Max Cap Banks --Tap pOSitiOn 

2 

Fi~ure: 4.6 (a) Pattern of tap position with no capacitor banks 21 51 & 22nd January 2009 
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Fi~ure: 4.6 (b) Pattern oftap position with no capacitor banks 251h & 2ih January 2009 

Figures 4.6 (a), and (b) shows the observations on the behaviour of the tap position in the 
absence of the capacitors. The number of capacitor banks that could be connected if the 
controller was in auto mode, is also indicated in the figures. The figures reveal that there is 
the possibility of operating the sub station at lower tap positions if the capacitor banks 
connected under the present criteria. 
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Appendix (B) compares the difference between the patterns of the tap position while 
having no capacitor banks and the same with the maximum number of capacitor banks. 
Since the voltage boost up by adding capacitors at 33kV side, the raise of transformer tap 
can be minimized. 

4.7 Summary of the system study 

By summarizing the results from the case study, it seems that the present switching criteria 
especially when the bus section breaker is in ON position dose not neither maximize nor 
optimize the use of installed capacitor banks in the selected substation. 

Therefore, it is worth to consider different switching criteria that utilize the capacitor 
banks, than the existing utilization. However, under such circumstances, the effects to the 
system voltage, avoiding extreme over compensation that introduces losses due to leading 
power factor and other technical constraints have to be considered. 
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