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Overview of Time Domain

• Time domain is the analysis of the response of a dynamic system, as indicated by 

some measured factor, as a function of time.

• The importance of time domain simulations for power system analysis is two fold.

◖ Electro-magnetic transient analysis

◖ Transient stability analysis
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Overview of Power Flow

• Power flow focuses on the voltages, currents, real and reactive powers of a 
system that has specified generation and load conditions. We study the power 
flow within the buses of a system. 

• You always want power flow to be as efficient as you can.

3



Our Research

The intent of this research is to do studies on HVDC 

lines and to determine if they improve dynamic 

performance.

By using PSAT, a matlab toolbox, we were able to 
study the time domain and the power flow.
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Time Domain
The Method:

Using an IEEE 9-bus system, we are able to study the effects of replacing regular lines 
in the system with HVDC lines in the system.
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Time Domain

The Method:

•The data was organized in cases:

•Case 1: Includes analyzing faults at bus 1 and 4

Case 1a: Adds either an exciter, turbine governor, or both

•Case 2: Includes a perturbation file to increase the PQ load.

Case 2a: Adds either an exciter, turbine governor, or both

•There were three variables studied:

• Omega

• Voltage magnitude of a bus

• Relative angle of a bus
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Power Flow

By adding HVDC lines to connect buses that are not already connected in the system, 
we can run the power flow function in PSAT. 

7Image from University of Illinois

The Newton Raphson Method is 

commonly used for power flow.
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The system with HVDC stabilized quicker than the non-HVDC system, therefore HVDC lines 
improve dynamic performance in the case of rotor speed

Turbine Governor Included
Non-HVDC

HVDC
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The system with HVDC stabilized quicker than the non-HVDC system, therefore HVDC lines 
improve dynamic performance in the case of voltage magnitude of a bus

Bus 1 Bus 5

Non-HVDC

HVDC
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The relative angle on the system with HVDC is higher than the relative angle on the system with 
non-HVDC, therefore HVDC lines improve dynamic performance in the case of theta magnitude 

of a bus

Bus 1 Bus 5

Non-HVDC

HVDC
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Power Flow

First case: Connecting buses 4 and 6

Connecting these two buses would not be ideal because 
when ran in PSAT it didn’t result in an efficient power 
flow. The change in the phase angles were far too great. 

12



Power Flow

Second Case: Connecting buses 2  and 10 

In this case we can see that after adding the HVDC lines (blue line), 

the reactive power of the system decreased. 
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Conclusions and Further Directions

• HVDC lines improve dynamic performance

• Do these studies on different bus systems
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Thank you!

Any Questions ??
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