
Chapter 03 

Analysis and Results 

By considering the MV distribution network of Rathnapura Grid Substation some 

feeder ends are weak due to the long length and experiencing low voltages at the ends. 

Hence analyzing the network without DGs feeder ends show very low voltages. But 

fortunately MHPs are connected to the feeders in remote areas and these MHPs 

support to voltage improvements. But these MHPs also creat problems. In off peak 

times when the grid loads are very low MHPs feeds to the Grid, trending over 

volategs around MHP areas. This over voltages may harmfull to equipments of CEB 

and consumer appliances. Another problem is islanding of MHPs, would risk to staff 

of CEB unless strictly follow the proper safety procedures. 

3.1 Voltage Regulation 

The statutory in Sri Lanka require that the voltage at a consumer's supply terminal 

shall be maintained within limits of ± 6%. In order to comply with this, the voltage 

drops occurring through the system under full load conditions must be carefully 

matched with any voltage regulating equipment installed. In the MV distribution 

development plan, the analysis is carried out assuming the voltage at 33 kV bus of the 

grid substation is 100% (33 kV) all the time and the maximum allowable voltage drop 

in the feeder is ± 6%. However, it is found that it was difficult to maintain consumer 

end voltage especially in rural feeders running to long distance, setting maximum 

voltage drop at MV feeder to ± 6%. Moreover, relaxing this limit below this level 

needs larger investment for reinforcements. 

The load analysis has been carried out to see the performances of the existing network 

by setting the exception for voltage ± 6%. Based on the network analysis studies, the 

voltage levels at different locations of the 33kV network are obtained. These voltage 

levels have been computed assuming 100% level at the 33 kV bus. Voltage analysis 

of the feeders are indicated according to the sections at the table. (Refer Annexure-C ) 
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3.1.1 Feeder 05 

This is the longest feeder in the Rathnapura grid substation, which is around 195km 

long. Mainly this feeder covers Ehaliyagoda, Ayagama, Kuruwita, Madola areas. 

When analyzing the voltages of far ends of the feeder, when MHP s are not connected 

it is observed that, near Siripada area voltage is 83.6% (E-106), which is very low 

(about 38km to the GSS). But Erathna and Adawikanda MHPs are operate around 

10km distance to Sri Pada hence while they operate, voltage will be rise to 98.1%. But 

in night peak time it decrease to 91.7%. 

Pahala Maniyangama (G - 052) is another far end, which experiences low voltage 

85.4% and this voltages would be rise up to 94.2% in night peak also, with the 

contribution of MHPs. (which is around 35km far from RGSS). Ehaliyagoda gantry 

(G - 037), without DG s, voltage is 88.3% (29.2 km) and this voltage will be rise up to 

100.0%. Nileagoda (around 68km from GSS) is another far end, experiences low 

voltage around 85.9% without DG s and this voltage rises up to 93.8% while 

operating MHP s. (L - 043). Bodhimaluwa (G - 070) is the mid point of the feeder, 

without DG voltage would be 85.9% and this has been raised up to 93.9% at night 

peak and 99% in other times, while operating DGs. 

3.1.2 Feeder 06 

This feeder mainly runs to Nivithigala area, Watapotha gantry Horangala, Kahawatta, 

Niriella to Kalawana area. Far end of the feeder are Nivithigala & Kalawana area 

around 39km distance from the grid substation. Two MHP s are connected called Way 

Ganga at Poronuwa & Niriella MHP at Niriella. Due to these MHP s even in night 

peak time those far ends of the feeder, voltages would be maintained around 100%. 

(D-072, D-089). 

3.1.3 Feeder 08 (Durekkanda) 

This feeder runs from Rathnapura grid substation to Godigamuwa, Malwana 

Durekkanda gantry then Ambuldeniya via Pagoda, Guruluwana to Sri pada area 

(C- 106). At the far end of the feeder is Sripada area. Five numbers of MHP s are 

connected to the feeder. When those MPS s are absent, about 90% of voltage 
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experience around Sripada area, which is around 23km from the grid substation. But 

with the operation of MHP s that voltage level will be rise up to 95.2% which goes to 

the acceptable level. Guruluwana & Labuwawa MHP s are situated around 10.7km to 

the Sripada area. But without MHP s the voltage level of Durekkanda gantry is 99.3%, 

(DURK-09) which is acceptable. Table 3.1 indicates the voltage levels with relevant 

sections. 

Table 3.1: Voltage variation of feeder sections at day peak time 

Feeder Section Base Case Voltage 
(%) 

With DGS Voltage 
(%) 

G - 019 85.2 100.2 

G - 0 3 7 88.3 100.6 

G - 051 85.4 99.4 

G - 0 5 2 85.4 99.6 

G - 070 87.5 100.1 

05 E - 067 86.2 99.5 

E - 106 83.6 98.1 

L - 0 0 5 85.8 99.1 
L - 0 4 3 85.9 99.2 

EHE 5-12-18 94.3 111.5 
5-KL-29 86.0 99.3 
NIV 6-06 97.8 102.7 
D-022 93.9 104.4 

06 D-069 96.3 104.1 
D-072 93.3 106.4 
D-089 91.8 103.5 

08 
C - 106 90.6 99.4 

08 
DUREK - 09 99.3 101.2 

3.2 Fault Level Analysis 

The steady state operating mode of a power system is balanced 3-phase ac. However, 

due to sudden external or internal changes in the system, this condition is disrupted. 

When the insulation of the system fails at one or more points or a conducting object 
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comes in contact with a live point, a short circuit or fault occurs. The causes of faults 

are numerous, e.g., lightning, heavy winds, trees falling, across lines, vehicles 

colliding with tower or poles, birds, line breaks, etc. A fault involving all the three 

phases is known as symmetrical (balanced) fault while involving only one or two 

phases is known as unsymmetrical fault. Single lines to ground, line to line and two-

line to ground faults are unsymmetrical (unbalanced) faults. Majority of the faults are 

unsymmetrical. Fault calculations involve finding the voltage and current distribution 

throughout the system during the fault. It is important to determine the values of 

system voltages and currents during fault conditions so that the protective devices 

may be set to detect the fault and isolate the faulty portion of the system so as to 

minimize the harmful effects of such contingencies. 

When fault occurs at a point in a power system, the corresponding MVA is referred to 

as the fault level at that point. 

3.2.1 Symmetrical Fault 

This type of fault occurs infrequently, as for example, when a line, which has been 

made safe for maintenance by clamping all the three phases to earth, is accidentally 

made alive or when, due to slow fault clearance, an earth fault spreads across to the 

other two phases or when a mechanical excavator cuts quickly through a whole cable. 

It is an important type of fault, it is easy for calculation and generally, a pessimistic 

answer. The circuit breaker rated MVA breaking capacity is based on 3-phase fault 

MVA. Since circuit breakers are manufactured in preferred standard sizes, e.g., 

250,500,750 MVA high precision is not necessary when calculating the 3-phase fault 

level at a point in a power system. Moreover the system impedances are also never 

known accurately. In view of this, the following assumptions are made in fault 

calculations.[4] 

• The emfs of all generators are 1 Z 0 per unit. This means that the system 

voltage is at its nominal value and the system is operating on no load at the 

time of fault. The effect of this is that all generators can be replaced by a 

single generator since all emfs are equal and in phase. When desirable the load 

current can be taken into account, at a later stage, by superposition. 
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• Shunt elements in the transformer model that account for magnetizing current 

and core loss were neglected. 

• Shunt capacitances of the transmission line were neglected. 

• System resistance was neglected and only inductive reactance of the system 

was taken into account. This assumption was generally made only for hand 

calculations and educational purposes. For computer solution this 

approximation was not necessary. The sub-transient reactances of the 

generators were generally used in calculations. However, if transient current 

was to be determined, then transient reactance should be used. 

The calculations for a symmetrical fault are easy because the circuit is a 

completely symmetrical circuit and calculations can be made only for one 

phase. The steps in the calculations are as under: 

• Draw a single line diagram of the system. 

• Select a common base and find out the per unit reactance of all generators, 

transformers, lines, etc., as referred to common base. 

• From the single line diagram draw a single line reactance diagram showing 

one phase and neutral. Indicate all the reactance, etc., on the reactance diagram 

as seen from the fault point (Thevenin's reactance). 

• Find the fault current and fault MVA in per unit. Convert these per unit values 

to actual values. 

• Retrace the steps of calculation to find the current and voltage distribution 

throughout the network. 

3.3 Obtaining maximum fault currents 

The maximum fault currents through some selected points of the network were 

calculated by using the MATLAB software. Results are tabulated in the Table 3.2 and 

fault currents without DG s, considered as base case. It is clearly observed that after 

introducing DG s to the network fault currents at some points, specially the points of 

H, J and S increased. Few important observations derived from the results given in 

Table 3.2 are listed below. 
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Table 3.2 : Comparing fault currents with and without DG s 

Fault Current Current 

Feeder Location Base Case With DG contribution from 

pu kA pu kA MHP s in pu 

B 3.00 5.25 

C 1.46 2.55 5.00 8.75 I- 1.5, K- 0.5, L-0.4 

D 0.86 1.50 2.55 4.46 G- 0.5, E- 0.85 

E 0.55 0.96 

F 0.73 1.27 5.80 10.15 I- 2.5, K- 0.8, L- 0.7 

05 G 0.35 0.61 

H 1.40 2.45 11.4 19.95 I- 6.5, K- 2.0, L-2.6 

I 1.00 1.75 

J 0.86 1.505 14.00 24.5 L- 5.0, K- 6.0,1- 2.5 

K 0.84 1.47 

L 0.83 1.40 

M 1.20 1.89 7.20 12.6 N- 5.3, O- 0.7 

06 N 0.985 1.65 

0 0.47 0.87 

P 1.15 1.98 10.00 17.5 V- 4.2, R- 2.0, U- 1.0 

Q 1.65 2.88 9.50 16.6 
U- 1.8, T- 0.6, R- 4.0, 

V- 2.0 

08 
R 1.55 1.98 

08 
S 0.55 0.96 11.00 19.25 U- 7.0, T- 2.3, R- 1.2 

T 1.075 1.80 

U 1.025 1.76 

V 1.25 1.98 

Grid 

Bus 
A 4.00 7.00 9.00 15.75 
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• The maximum fault current observed from the point of J, which is around 

24.5kA. Very high value and maximum fault current of 10.5kA comes from 

Adavikanda MHP. 

• Fault level of point H isl9.95kA, high value for the network. Maximum 

current contribution from Batatota MHP around 11.75kA to the fault. 

• Next high fault level observed at Point S, which is 19.25kA. Maximum current 

contribution from Labuwawa MHP around 12.25kA to the fault. 

• Other points of Q, P and M show much higher fault levels, but fault currents 

contribution from DG s are less. 

These high fault currents could be definitely risk for electrical equipments like LBS, 

ABS units and expulsion switches because their short circuit current capacity is lOkA. 

It is observed that most of the places and paths this fault level have been increased. 

Insulation levels of those electrical equipments could be weaken gradually and jumper 

connections may be burnt most of the times. Hence maintenance staff of this power 

network and power utility face great problem while maintaining the reliable service. 
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