
Load Current in PSCAD 

 

Sine wave production 
⚫ Produce a sine wave 5.5sin(100t) through PSCAD 

 

3 phase faults 
⚫ The three phase fault analysis circuit created on PSCAD is shown below: 



 

⚫ Circuit explanation 
◼ At the left, three phase adjustable sources (ABC) with frequency and voltage sliders (Grid side 

sources) 
◆ 𝑉𝐴(𝑡) = 𝑉𝑠𝑖𝑛(𝜔𝑡), 𝑉𝐵(𝑡) = 𝑉𝑠𝑖𝑛(𝜔𝑡 − 120°), 𝑉𝐴(𝑡) = 𝑉𝑠𝑖𝑛(𝜔𝑡 − 240°) 

◼ And the series inductors and resistors create a realistic source impedance, they determine 
the fault current magnitude, X/R ratio and transient response. 

◼ The Breaker and Timed Breaker Logic (switching): it can open and close all phases 
simultaneously, and the timed breaker logic decides when the breaker closes and opens. 

◼ Fault block: creates all types of fault. Ex. A->G means a single phase to ground fault on phase 
A. 

◼ Timed Fault Logic: it determines when the fault will happen 
⚫ Fault design: 

◼ In Timed Fault Logic, the fault is set to happen at 5 seconds till 5.2 seconds 
◼ And in Timed Breaker Logic, the breaker will be open at 5.1 seconds 
◼ From above, the single phase fault A->G will exist between 5 to 5.1 seconds, and at 5.2 

seconds the fault is removed. 
◼ Breaker clearing time: 0.1 seconds after fault is triggered 

⚫ The voltage and current simulation results are shown below: 

 

◼ As shown from the simulation, the system is operating normally before 5 seconds, the voltage 



drops and current spikes when the fault hits. And the current drops to zero when the breaker 
opens and it stays flat after the fault is cleared due to the isolated line 

One line diagram in PSCAD 
⚫ Configure transmission line in PSCAD based on real world data: 

 
⚫ Looking into Bewley’s Lattice diagram from transmission line (failed) 

 
Transmission line configuration based on real world datasheet 
⚫ The transmission line data sheet is shown below 

 



 

◼ The data requires: conductor data, conductor coordinates, ground wire data, ground wire 
coordinates, and phase/node connection information 

 

Reactance and Resistance X/R Ratio impact on three phase fault 
When there is a fault, the fault current has two parts: AC part (the normal sinusoidal short-circuit 
current) and DC offset (a big jump at the start of the fault). And the X/R ratio controls only the DC. 
⚫ One line drawing description: three phase voltage source with a three phase to ground fault at the 

downstream terminal. 
◼ Voltage = 220kV 
◼ Frequency = 50hz 
◼ Fault current = 25kA 
◼ X/R = 5 

◼ MVA = √3VI = √3*220*25 = 9526.279 

◼ 𝑍 =
(𝑘𝑉)2

𝑀𝑉𝐴
=

2202

9526.279
= 5.08Ω 

◼ 𝑅 =  
𝑍

√(1+(
𝑥

𝑟
)2

=
5.08

√1+52 = 0.996Ω 

◼ 𝑋 =
5

0.996
= 4.98Ω 



◼ 𝐿 =
𝑋

2𝜋𝑓
= 0.0159𝐻 

⚫ Inserting relevant parameters for a single line diagram 
◼ Three phase power source 

 
⚫ Evaluate the instantaneous current and RMS 

◼ Check the performance of the waveforms based on the change of the Z ratio 
◼ The below waveforms of instantaneous and RMS current with 5 X/R ratio 

 
◼ The below waveforms of instantaneous and RMS current with 20 X/R ratio 

 
⚫ From the results shown above: 

◼ For instantaneous current waveforms: When X/R ratio is 5: the waveform has the DC offset at 
the very start, and it settles into a normal condition very fast. And the one with 20 X/R ratio is 
heavily shifted up and down at the beginning with much stronger DC offset, and it takes longer 
time to settle back to normal condition. It gives conclusion: higher X/R rate gives the waveform 
more DC offset with lower decay. 

◼ For RMS current waveforms: the one with 20 X/R ratio has higher overshoot. 
◼ Above, the bigger X/R ratio makes the fault current has bigger impact on power system. 



Coaxial cable design 
⚫ Coaxial cable configuration based on industrial data sheet and standard (IEC 62067) 

◼ The below graph is a configuration example of an underground power cable. 
◼ The below is a C1|I1|C2|I2|C3|I3 example. Stranded conductor is C1, insulation is I1, metallic 

sheath is C2, bedding is I2, armouring is C3, serving is I3 

 
⚫ The datasheet of the coaxial cable is shown below: 

 

 
◼ The coaxial cable configuration on PSCAD based on the above information is shown below: 



 
◼ Also the electrical properties (permeability, resistivity) of the cable are determined based on 

the standard IEC 60028 
Inrush Current 
⚫ Analysis is based on a simple example with a voltage source, a circuit breaker and a downstream 

transformer. The one-line drawing in PSCAD is shown below: 

 

⚫ And the multimeter is used to find the instantaneous current and the inrush current. Below is an 
example of the inrush current. 

 
⚫ The transformer configuration is constructed based on the below datasheet 



 

◼ Eddy current losses (no load loss per unit) calculation: (rated power*1000)/(no load loss*10^6) 
◼ Copper losses (On load loss per unit) calculation: (rated power*1000)/(on load loss*10^6) 
◼ The configuration of the transformer on PSCAD is shown below: 

 
Transient Recovery Voltage (TRV) 

TRV is the voltage that appears across the breaker terminals right after it interrupts a fault. When a 
fault happened, the circuit breaker opens, one side is connected to the source, and another side is 
connected to the faulted side. And TRV is the voltage difference between the circuit breaker gap. 
⚫ Power system one line drawing description: 

◼ RRL voltage source follows a Y-to-Y transformer, a circuit breaker with a transient recovery 
voltage connects the secondary side of the transformer, and a three phase to ground fault is 
ta the end of the power system. 

 



◼ The below is the transformer configuration. It’s voltage ratio between primary and secondary 
sides is: 400kV : 132kV 

 

◼ Circuit setting: 
◆ Timed fault logic: fault is applied at 1 second 
◆ Timed circuit breaker logic: circuit breaker open at 1.1 seconds. 

◼ The simulation result is shown below 

 

◆ From the above result: 
⚫ At 1 second, the fault current appears, and the RMS fault current is around 18kA. 
⚫ Circuit breaker opens at 1.1 seconds and the fault current starts dropping to zero 
⚫ When the circuit breaker opens, it creates the voltage difference that generates 

Transient Recovery Voltage. At this moment, current goes to zero and TRV jumps up 
and oscillates. 

◼ Identify the limits based on the standards (Ex. British Standards Institution) 



 
◆ 1st step: From the standard limits, the first thing should be checked is rated voltage 

(Circuit breaker voltage). The circuit breaker voltage is same as the voltage 132 kV of the 
secondary winding of the transformer. 
⚫ The higher rated voltage 145kV is selected as the reference rated voltage in the 

standard. 
◆ 2nd step: check the RMS fault current, from the result shown previously, the rms fault 

current is 18.3 kA 
◆ 3rd step: confirm the rated circuit breaker current from the electrical drawing 40kA 
◆ 4th step: calculate the test-duty (stress test sequence the circuit breaker must pass to 

prove it can safely interrupt faults under real-world condition) 
⚫ Test Duty = 100*(RMS current/circuit breaker current) = 46%. So the T60 is chosen 

◆ 5th step: check TRV, from the result, the maximum TRV is 151kV that is within the TRV limit 
231kV under the standard. 

◆ 6th step: check the rate of rise of the TRV, 1.1014 - 1.1012 = 0.0002. As the standard is 
using microseconds unit, so the rate of rise is TRV/(0.0002*10e6) = 0.7 that is under the 
limit of 3 in the standard. 



 
 
Harmonic Analysis 
⚫ Harmonic definition: harmonics are the faster (frequency) copies of the main since wave, the 

distorted waveform is generated when fundamental component and the harmonics are added 
together. Adding fast harmonics makes the shape loop sharper (less smooth) 
◼ For the below example, the 3rd and 5th harmonics turn the smooth sine wave fundamental 

component into a distorted square waveform 

 

⚫ Harmonic analysis example in PSCAD 
◼ The one line drawing is shown below: 

 
◆ The left one line drawing is shown the harmonic generator injects harmonics into the 

voltage source 
◆ And the right one line drawing shows the FFT block that turns the distorted waveform into 

harmonic components such as the magnitude of each harmonic, phase of each 
harmonic, DC component, fundamental component, and etc. The THD (Total Harmonic 
Distortion) tells how bad the harmonics is 



◼ The harmonics generator is set 50hz and 1000hz as the minimum and maximum frequencies. 
And the frequency increment is 50hz, which means there are 20 harmonics totally 

◼ The harmonics number in the FFT block and THD should also be adjusted to the number 
higher than 20. 

◼ The result is shown below: 

 
From the left THD result: it shows the magnitude of the positive-sequency harmonics. The initial big 

spike and the THD signal settles around 400% indicate the injected instantaneous current signal is 

extremely distorted with harmonics dominating the waveform. And the stable signal indicate the 

harmonics injection is steady and time unvaried. 


