ECEN 615
Problem Set #2





Fall 2020










       
Due 9/17/20
1. 
Using a programming environment of your choice (such as Matlab, Scilab or Python) write a Newton-Raphson power flow, and use it to solve the five bus system presented in class. You can either hard code the five bus system data in your program, or you can input it from, say, text files.  The input is the per unit power for the PQ buses, the voltage setpoints for the generators, and the transmission line and transformer -model parameters.  You need to code PQ, PV and (obviously) a slack bus.  However, you do not need to code generatror reactive power limits.  Use a flat start initial guess, except set the PV bus voltage to the generator setpoint voltage.  Your output should be a list of the bus voltage magnitudes and angles at each iteration.  Also calculate the reactive power output for the generators and the real power output for the slack bus generator.  Use a 100 MVA per unit base, and use a per unit convergence value of 0.1 MVA.  Turn in the output and a complete listing of your program. 
Optionally, to simplify the problem you may ignore the resistance values for the transmission lines and transformers.  This will make all the conductance (G) terms in the Ybus zero.    
2.
In PowerWorld using the case ECEN615_HW2_37_2020 manually try to minimize the system losses by adjusting 1) the phase shifter at the REED substation, 2) the status of the capacitors, and 3) the LTCs at the TEXAS, WEB, KYLE and RELLIS substations.  Turn in your minimum losses and an explanation of the manual procedure that you used to determine the minimum lossesl.  Also, explain why you think your solution actually minimizes the losses.  Note several transmission lines are open; do not change their status.  
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Explanation: 
- Shunt capacitor helps in providing reactive power locally, so instead of meeting the reactive power demand from generators, shunt capacitors are used. Hence, current from generators will be less and I*I*R losses will be less. 

- Using tap changer also we can control line reactive power flow and hence nodal voltages. 

- While for phase shifter, we find optimum solution at 0 degrees. Phase shifter helps in controlling real power flow. 

Method:

we change the phase shifter value to 0 degrees. Finally, we adjust values of LTC taps at Kyle, WEB and Texas to attain the minimum losses. We also close the shunt cap at Batt69.

3.
This is the first of several problems over the semester that will be using the ECEN615_667_2000 bus case.  This is a synthetic (fictional) 2000 bus electric grid serving a load that matches the load of ERCOT.  Since it is synthetic it contains no confidential information and hence can be used for classroom assignments.  To solve this case with PowerWorld you will need the commercial version;  details were given in class on how to obtain this.  

For this problem, you’ll be dealing with the common issue of the voltages being too high, often during times of light load.  For this problem we’ll just be looking at are portion of the system, the North Central area shown in yellow in the below figure.  Select a 161 kV (nominal voltage) bus that has a voltage above 1.05 per unit.  Then, determine a set of capacitors and/or 500 kV lines that should be opened so the voltage on your selected bus drops by at least 0.02 per unit.  Turn in the number of the bus you selected, your control actions, and your rationale for selecting these controls.  
Answer: Bus number – 5264 ; open up the shunt capacitor; the capacitor’s purpose is to improve the voltage profile by providing the reactive power locally, so disconnecting it would result in the voltage drop.
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