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Power Transmission and Distribution Lab Manual
 
Lab No. 14
Fault Analysis of Three-Phase Transmission Line

Objective

Analysis of fault on three-phase transmission system.

Electrical Faults:

Electrical fault is an abnormal condition, caused by equipment failures such as transformers and rotating machines, human errors and environmental conditions. Theses faults cause interruption to electric flows, equipment damages and even cause death of humans, birds and animals. There are mainly two types of faults in the electrical power system. Those are symmetrical and unsymmetrical faults.
1. Symmetrical faults
These are very severe faults and occur infrequently in the power systems. These are also called as balanced faults and are of two types namely line to line to line to ground (L-L-L-G) and line  to line to line (L-L-L).
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Only 2-5 percent of system faults are symmetrical faults. If these faults occur, system remains balanced but results in severe damage to the electrical power system equipments.

2. Unsymmetrical faults

These are very common and less severe than symmetrical faults. There are mainly three types namely line to ground (L-G), line to line (L-L) and double line to ground (LL-G) faults.
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Line to ground fault (L-G) is most common fault and 65-70 percent of faults are of this type. It causes the conductor to make contact with earth or ground. 15 to 20 percent of faults are double line to ground and causes the two conductors to make contact with ground. Line to line faults occur when two conductors make contact with each other mainly while swinging of lines due to winds and 5- 10 percent of the faults are of this type.

These are also called unbalanced faults since their occurrence causes unbalance in the system. Unbalance of the system means that impedance values are different in each phase causing unbalance current to flow in the phases. These are more difficult to analyze and are carried by per phase basis similar to three phase balanced faults.

Steps:

First of all pick Three-phase source from Sim power system electrical sources.
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Change its parameters values by double clicking on this block. We are using 11KV phase angle will be zero. We are not changing this value and base value will be same as RMS voltages.

Power Transmission and Distribution Lab Manual

[image: ]

Next we are using the Three-phase circuit breaker. This block contains four input and three outputs. The three inputs are coming from the Three-phase source. The circuit breaker is actuated by some kind of external mechanism relay. So the fourth link is from that relay.
[image: ]

Now to see the breaker parameters double clicking on this block.
[image: ]
The initial status should be closed. It means circuit breaker is closed. The important thing is that switching time. So we will control it from external source. This is obviously a relay. Next step is
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we are doing measurements that how much AC is passing through the system and then the faults occur. This block contains three inputs and three outputs because the inputs are going same to same to the load in the output. But we have to measure the VAB voltage and IAB current.
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Change the voltage measurement to phase-to-phase and current measurement option to YES.
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We are using here Demux with one input and three outputs. The numbers of output are changed as shown above. We are using three phase load so pick up from the Simulink library as shown below.
[image: ]

Now change the parameters as shown.
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Click on the load flow option and change the load type to constant Z. Next important thing is the three-phase fault.
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Which will be induced in this circuit and this fault will occurs when the step function actuates this fault mechanism.
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We will set the step time to 0.1. So at 0.1 a pulse will be generated and the fault will be  occurred.
[image: ]
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After that the important thing is the relay. This is a kind of subsystem including three inputs and one output. This will be not a practical but a theoretical form of relay because SR flip flops are not used in relay but they can be used in simulations. So here we are just trying to compare the input current and when it cross certain limits e.g. 30 x 103Amp (i.e. 30KAMP). So this comparison is done to compare two values so we are using this relational operator block.
[image: ]

And change the relational operator to greater than sign ―>‖.
[image: ]
Take the data type to Boolean because we are taking data in terms of binary. After comparison we are giving this output to SR flip flops.
[image: ]

The S port is connected to the output of the relational operator comparison block while the R  port is to be connected to the constant block. We are not using the Q port so connect it with a terminator.
[image: ]

The !Q is just used and this should be connected to the AND logic gate. It is used here so that the when the output will be 1 of the S-R flip flop then the AND gate will be 1.
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The output of the AND gate will be digital so we use Data type Conversion block.
[image: ]

As the output of the AND gate will be digital so convert the output data type from digital to double.
[image: ]
So finally the relay subsystem will look like that as shown below.
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So the relay output will be going to the circuit breaker. As the fault occurs when the current is exceeding from the limit as mention above then the circuit actuates. Our final circuit will be like this as shown below.
[image: ]

The next important thing is that we select the running simulation time to 0.3 seconds as the fault will occurs at 0.1 seconds. So now run the simulation.
Check the scope output we see current is flowing normally. As we select the step time to 0.1 seconds so you see that at 0.1 second a huge amount of current pass through the circuit which is round about 6x104. This is more than the comparison value. So when this current exceed the relay operate and you can see the current is zero after this fault occurred and reaches up to 0.3 seconds. So the relay operates until unless the current became zero.
[image: ]
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Now when you click on this scope you see the three phase voltage and when the fault occurs at
0.1 seconds when a short circuit happens and a lot of current is produced so it becomes to almost zero.
[image: ]

Power Transmission and Distribution Lab Manual

Lab Task:

a) What are the causes of electrical faults?








b) Explain the effects of electrical faults.









c) Explain some of the fault limiting devices.








d) Explain the subtypes of symmetrical and unsymmetrical faults.







Teacher remarks:

Obtained Marks: 	/ 10
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‘Three-Phase Breaker (mask) (link)

Implements a three-phase circuit breaker. When the external
switching time mode is selected, a Simulink logical signal is used to
control the breaker operation.

Parameters

Initil status: [closed

Switching of:
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‘Switching times (s): |[1/60_5/60]

External
Breaker resistance Ron (Ohm):
0.01

‘Snubber resistance R (Ohm):
1e6

‘Snubber capacitance Cs (F):
inf

e =

Apply




image7.png
Tres Phaze.
L peerhase




image8.png
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‘Three-Phase VI Measurement (mask) (1ink)
1deal three-phase voltage and current measurements.

The block can output the voltages and currents in per unit values or in volts
and amperes.

Parameters

Voltage measurement [phase-to-phase -]
[l Use a label

[[] Voltages in pu, based on peak value of nominal phase-to-ground voltage
[[] Voltages in pu, based on peak value of nominal phase-to-phase voltage

Current measurement [yes
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0] Currents in pu

Output signals in: |Complex
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‘Three-Phase Series RLC Load (mask) (link)
Implements a three-phase series RLC load.

Forameters | Laad row |

Configuration ¥ (grounded)

Nominal phase-to-phase voltage Vi (Vrms)
1163

Nominal frequency fn (Hz):

50

Active power P (W):

20066
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Capacitive reactive power Qc (negative var):

0
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Step
Output a step.
Parameters

Step time:
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*4 Function Block Parameters: Relational Operator

Relational Operator
‘Applies the selected relational operator to the inputs and outputs the resut. The top (or left)

input corresponds to the first operand.
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Relational operator:
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Data Type Conversion
Convert the input to the data type and scaling of the output.

The conversion has two possible goals. One goal is to have the Real World
Values of the input and the output be equal. The other goal is to have the
Stored Integer Values of the input and the output be equal. Overflows and
quantization errors can prevent the goal from being fully achieved.

Parameters

Output minimum: Output maximum:

o o

Output data type: double -

[[] Lock output data type setting against changes by the fixed-point tools

Real World Value (RWV) -
S
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Input and output to have equal
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