Static Voltage Stability



  

This is a stability phenomenon, where the power system looses its ability to control load bus voltage due to various reasons. This phenomenon can lead to failure of the total or partial power system due to interventions of various control and protection actions.

  

The reasons for voltage instability could be 

  

-         Failure to provide necessary power support to the loads as a consequence of power transfer limit. The power transfer limit is determined not only by the bus voltage phase angle, but also by bus voltage magnitude

-         Failure to meet power requirements due to equipments reaching their control and operating limits. Examples are transformer tap limits, generator reactive power supply capabilities.

-         Inconsistency in the load power requirements as function of bus voltage and power supply characteristics.

  

PowerApps provides various analytical tools for assessment of static voltage stability using load flow solution or output from static state estimation. Further the reactive power optimization algorithm provides a method of improving static voltage stability. The analytical tools are

  

1. V-P (nose) curves or PV curves 

2. Sensitivity Indices. Sensitivity of bus voltage magnitude for active (P) and reactive (Q) injection at a bus. 

3. Sensitivity of net reactive power generation for a given bus reactive power injection. 

4. Minimum Singular Value Decomposition of the complete load flow Jacobian as well us reduced Jacobian formulations. [ P.A.Lof, T.Smed, G.Andersson, D.J.Hill – Two IEEE Transaction publications, 1992, 1993]. Further, identification of critical buses based on left and right singular vectors are also implemented in PowerApps. 

5. Voltage Stability Index L proposed by P.Kessel and H.Glavitsch. [ IEEE Transactions on Power Delivery, 1986]. 

6. Static Voltage Stability Evaluation using relative bus voltage phasors at an operating point given by load flow solution or static state estimation.. [A New and Fast Technique for Voltage Stability Analysis of a Grid Network Using System Voltage Space", Published in International Journal of Electrical Power & Energy Systems, Elsevier Science Ltd. UK .] 

7. Improvements in static voltage stability using a reactive power optimization tool. [Optimal Static Voltage Stability Improvement Using a Numerically Stable SLP Algorithm, for Real Time Applications", Published in International Journal of Electrical Power & Energy Systems, Elsevier Science Ltd. UK ]

8. Power System Stability
9. 

10.   

11. Power Systems broadly comprises of interconnected utility synchronous machines via transmission systems and utility/consumer loads supplied through transmission and distribution network. For stable and reliable operation the following conditions must be satisfied

12.   

13. -         The power supply and power demand in the system must always be satisfied and be in equilibrium conditions during normal and dynamic changes in the system. Particularly during pre- and post dynamic events, the system voltage, frequency and equipment loadings shall be within normal limits ensuring quality of power supply and acceptability of system operation. Quality is mainly determined from the system frequency, system bus voltages, equipment loadings and harmonics.

14. -         The operating limits of the equipments shall remain within normal operating limits or shall quickly return to normal limits following dynamic events. These dynamic events can be large disturbances following which the system should be able to continue and service the loads without loss of quality, loss of load. The response of the system to large disturbances and its ability to return to normal operating conditions is generally termed transient stability or large signal performance of the system. (http://www.powerapps.org/PAES_TStability.aspx )

15. -         The heterogeneous system of synchronous machines and their controllers together with load and other system dynamic characteristics shall be stable, so that the system can transit from one operating condition to another without sustained oscillations limiting power transfers. This is generally referred to us small signal stability. (http://www.powerapps.org/PAES_Dynamic Stability Or Small Signal Stability Studies.aspx )

16. -         The load characteristics and the power supply characteristics of the system shall be in tune with each other so that the load voltages are always healthy without any significant low voltage problems and its consequences which may lead to loss of system load and service. This problem is generally termed voltage stability problem.(http://www.powerapps.org/PAES_VoltageStability.aspx )

	Related Links


	  

http://www.powerapps.org/PAES_PowerSystemStability.aspx 

http://www.powerapps.org/PAES_TStability.aspx 

http://www.powerapps.org/PAES_Dynamic Stability Or Small Signal Stability Studies.aspx 

http://www.powerapps.org/PAES_VoltageStability.aspx 

http://www.powerapps.org/PAES_PowerSSApps.aspx 


17. Description of PowerApps Solution for Voltage Stability Assessment 

Transient Stability Analysis 



The recovery of a power system subjected to a severe large disturbance is of interest to system planners and operators. Typically the system must be designed and operated in such a way that a specified number of credible contingencies do not result in failure of quality and continuity of power supply to the loads. This calls for accurate calculation of the system dynamic behavior, which includes the electro-mechanical dynamic characteristics of the rotating machines, generator controls, static var compensators, loads, protective systems and other controls. Transient stability analysis can be used for dynamic analysis over time periods from few seconds to few minutes depending on the time constants of the dynamic phenomenon modeled. Transient Stability Analysis is the PowerApps simulation module dedicated to simulating electromechanical transients in three phase electric power systems. It features an extensive library of equipment and controller models, the capability to include user-defined controls, a very flexible user-interface and powerful graphics. Transient Stability Analysis module utilizes the simultaneous implicit trapezoidal integration solution technique for network, machine and controller equations. The program supports the capability to test the step response of controllers and User Defined Modeling for system equipment and controllers.



General Features of Transient Stability Analysis



· Transient models of excitation systems, turbine governors, static-var compensators, power system stabilizers and HVDC controllers.

· Load shedding / islanded operation.

· Transient stability analysis of multiple-islanded systems with solution for each of the islands.

· Choice of generator models. From simple classical generators with constant voltage behind transient reactance to modelling detailed synchronous machines with variable voltages behind sub-transient reactances.

· Standard IEEE excitation system models and turbine and governor models.

· Commercial excitation models and governor models.

· Models for power system stabilizers and different stabilizing signals.

· Modelling load characteristics similar to that in the load flow analysis.

· Modelling load characteristics as function of frequency.

· Dynamic models of Induction motor and its load.

· Motor starting studies. Motor modelling by their equivalent circuits or by the measured response during starting along with mathematical model for load torque as function of speed.

· Under frequency/Under Voltage relay operation simulation.

· Load shedding.

· Islanded operation.

· Element opening/closing.

· Loss of generators.

· Multiple transient stability disturbance scenarios for each base case load flow study. Note that, multiple load flow case studies can be performed followed by multiple transient stability simulations for each load flow study case.

· Plots of selected bus frequencies and bus voltages. Note bus frequencies are different from generator frequencies.



Reports and Recommendations from Transient Stability Studies



1. Plots of Dynamic response of Generator rotor angles, frequencies, power outputs, voltages, excitation system outputs, governor-prime mover outputs 

2. Plots of Line Flows, transformer flows, bus voltages, bus frequencies 

3. Plots of Motor dynamic variables where required 

4. Plots of the system variables that are of interest from protection point of view [example frequencies, distances seen from distance relays, fault currents seen from overcurrent relays etc] 

5. Recommendation related to protection and control, operating strategy, Control settings of equipments [for example power system stabilizer, relay settings, load shedding schmes etc], based on various study cases considered 
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Transient Stability Comparison between PowerApps and ETAP

Transient_Stabilty_Comparison_Between_PowerApps_And_ETAP 



Single Pole Open/Close Simulation Validation Document

PowerApps Transient Stability Single Pole Open/Close Validation document 



	Transient_Stabilty_Comparison_Between_PowerApps_And_ETAP 
PowerApps Transient Stability Single Pole Open/Close Validation document 




	Related Links



	  

http://www.powerapps.org/PAES_PowerSystemStability.aspx 

http://www.powerapps.org/PAES_TStability.aspx 

http://www.powerapps.org/PAES_Dynamic Stability Or Small Signal Stability Studies.aspx 

http://www.powerapps.org/PAES_VoltageStability.aspx 

http://www.powerapps.org/PAES_PowerSSApps.aspx 

http://www.powerapps.org/Transient%20Stability%20Excitation%20System%20Model%20Comparison%20with%20Kundur%20Text%20Book%20Example.aspx 
A Kalkitech PowerApps Transient Stability Solution Case Study 




Dynamic Stability Analysis



The dynamic behaviour of power systems subjected normal power impacts is influenced by the following factors:

· The system load level.

· The network characteristics.

· The Generator and its controller characteristics.

· The load characteristics.

The system is dynamically stable if the oscillatory response following a perturbation quickly settles down to a new stable operating point without sustained oscillations. These studies are typically carried out using linearized model of the system.



General Features of Dynamic Stability Analysis



· Component modelling similar to Transient Stability Studies.

· Linearized model of network algebraic equations and first order differential equations used at an operating point.

· Eigen values analysis used for the evaluation of the system stability.

· Option for time domain simulation with the linearized model and with specified perturbation.

· Transfer function approach with single machine, infinite bus models.

· Can be executed for multiple islanded systems and for multiple load flow study cases.

· Options for root locus plots, Bode plots for simple single machine infinite bus models.
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Related Links



http://www.powerapps.org/PAES_PowerSystemStability.aspx 
http://www.powerapps.org/PAES_TStability.aspx
http://www.powerapps.org/PAES_Dynamic Stability Or Small Signal Stability Studies.aspx
http://www.powerapps.org/PAES_VoltageStability.aspx
http://www.powerapps.org/PAES_PowerSSApps.aspx 

Static Voltage Stability



  

This is a stability phenomenon, where the power system looses its ability to control load bus voltage due to various reasons. This phenomenon can lead to failure of the total or partial power system due to interventions of various control and protection actions.

  

The reasons for voltage instability could be 

  

-         Failure to provide necessary power support to the loads as a consequence of power transfer limit. The power transfer limit is determined not only by the bus voltage phase angle, but also by bus voltage magnitude

-         Failure to meet power requirements due to equipments reaching their control and operating limits. Examples are transformer tap limits, generator reactive power supply capabilities.

-         Inconsistency in the load power requirements as function of bus voltage and power supply characteristics.

  

PowerApps provides various analytical tools for assessment of static voltage stability using load flow solution or output from static state estimation. Further the reactive power optimization algorithm provides a method of improving static voltage stability. The analytical tools are

  

1. V-P (nose) curves or PV curves 

2. Sensitivity Indices. Sensitivity of bus voltage magnitude for active (P) and reactive (Q) injection at a bus. 

3. Sensitivity of net reactive power generation for a given bus reactive power injection. 

4. Minimum Singular Value Decomposition of the complete load flow Jacobian as well us reduced Jacobian formulations. [ P.A.Lof, T.Smed, G.Andersson, D.J.Hill – Two IEEE Transaction publications, 1992, 1993]. Further, identification of critical buses based on left and right singular vectors are also implemented in PowerApps. 

5. Voltage Stability Index L proposed by P.Kessel and H.Glavitsch. [ IEEE Transactions on Power Delivery, 1986]. 

6. Static Voltage Stability Evaluation using relative bus voltage phasors at an operating point given by load flow solution or static state estimation.. [A New and Fast Technique for Voltage Stability Analysis of a Grid Network Using System Voltage Space", Published in International Journal of Electrical Power & Energy Systems, Elsevier Science Ltd. UK .] 

7. Improvements in static voltage stability using a reactive power optimization tool. [Optimal Static Voltage Stability Improvement Using a Numerically Stable SLP Algorithm, for Real Time Applications", Published in International Journal of Electrical Power & Energy Systems, Elsevier Science Ltd. UK ]



	Related Links


	  

http://www.powerapps.org/PAES_PowerSystemStability.aspx 

http://www.powerapps.org/PAES_TStability.aspx 

http://www.powerapps.org/PAES_Dynamic Stability Or Small Signal Stability Studies.aspx 

http://www.powerapps.org/PAES_VoltageStability.aspx 

http://www.powerapps.org/PAES_PowerSSApps.aspx 


Description of PowerApps Solution for Voltage Stability Assessment 



Power System Stabilizer Applications



The dynamic stability of a system can be improved by providing suitably tuned power system stabilizers on selected generators to provide damping to critical oscillatory modes. Suitably tuned Power System Stabilizers (PSS), will introduce a component of electrical torque in phase with generator rotor speed deviations resulting in damping of low frequency power oscillations in which the generators are participating. The input to stabilizer signal may be one of the locally available signal such as changes in rotor speed, rotor frequency, accelerating power or any other suitable signal. This stabilizing signal is compensated for phase and gain to result in adequate component of electrical torque that results in damping of rotor oscillations and thereby enhance power transmission and generation capabilities. State-space techniques described under Dynamic Stability Studies or classical control theory such as Bode plots, root locus techniques can be used to determine suitable parameters for power system stabilizers.The design can then be verified with a transient stability analysis for practical system disturbances.

A Typical Control Schematic Diagram of Power System Stabilizer
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 Power Quality


 

 

To us Power Quality is characterized by

  

1. Stable AC voltages at near nominal values and at near rated frequency subject to acceptable minor variations, free from annoying voltage flicker, voltage sags, frequency fluctuations. 

2. Near sinusoidal current and voltage wave forms free from higher order harmonics

  

All electrical equipments are rated to operate at near rated voltage and rated frequency. Hence the first point is one of the criteria of for assessing the power quality.

  

As indicated in http://www.powerapps.org/Harmonic Measurements, Analysis and Filter Design.aspx , harmonics in power supply can result in the following 

  

-         Capacitor heating/failure

-         Telephone interference

-         Rotating equipment heating

-         Relay misoperation

-         Transformer heating

-         Switchgear failure

-         Fuse blowing

  

To address the issues of power quality - we undertake detailed field measurements, monitor electrical parameters at various PCC’s, feeders to assess the operating conditions in terms of power quality. If problems are found, we perform detailed studies using a computer model. The accuracy of computer model is first built to the degree where the observed simulation values matches with those of the field measurement values. This provides us with a reliable computer model using which we workout remedial measures. For the purpose of the analysis we may use load flow studies, dynamic simulations, EMTP simulations, harmonic analysis depending on the objectives of the studies.

We also evaluate the effectiveness of harmonic filters through the computer model built, paying due attention to any reactive power compensation that these filters may provide at fundamental frequency for normal system operating conditions. Additionally the equipment ratings will also be addressed to account for harmonic current flows and consequent over heating.

  A related link on the studies is http://www.powerapps.org/Harmonic Measurements, Analysis and Filter Design.aspx
Typical Harmonic and Power Quality Measurements Report Extract 

  Voltage Flicker Analysis and Solution.aspx
Voltage Flicker Analysis and Solution



The voltage flicker is a phenomenon of unstable voltage resulting in poor performance of the lighting and other voltage sensitive loads. The voltage flicker occurs as result of randomly changing reactive power demand of the random process loads. Examples of such loads are

1. Electric arc furnace loads 

2. Rolling mill loads 

3. Large induction motor starting with long starting time 

4. Large synchronous motors started as induction motors 

5. Unbalanced and fluctuating loads 

Typical solution involve providing necessary reactive power support as close to the loads causing the flicker, and thus preventing the rest of network experiencing from voltage flicker phenomenon. The reactive support system, will need to measure the reactive power demand from the loads and initiate a control to provide necessary reactive power support. Static Var Compensators , STATCOMs, and even simple fixed capacitors [where fluctuation is temporary] are some of the devices used to achieve desired reactive power support and mitigation of the voltage flicker phenomenon.

We provide simulation based recommendation on the sizing and type of reactive power compensation based on the load profile as function of time. The simulation will use both static load flow solutions and dynamic time domain simulations and capture the impact of the randomly varying loads on other system loads, flows, voltages. The various options for the solution to mitigate the flicker problem will be evaluated through simulation and recommendations will be provided on sizing, location and type of reactive power support needed to mitigate the voltage flicker problems.

Power Evacuation Studies



The phrase Power Evacuation Studies is a generic term associated with plans for evacuating power generated from a generating source to a load centre. In the simplest form, it may mean only load flow studies with proposed transmission and distribution plans. When complete engineering is involved, the entire spectrum of power system analysis/studies may have to be performed.

Power Evacuation Studies may mean, studies related to new generation facility and its connectivity to the grid for evacuation of the power or may mean studies related to existing facilities to study alternative plans of power evacuation for operational purposes.

The objective of the studies is usually the checking feasibility of the various technical and economic aspects and therefore may encompass various other studies as follows.

· Load Flow or Power Flow Studies using standard load flow analysis techniques.

· Static and Dynamic Contingency studies, using load flow analysis, transient stability analysis, small signal stability analysis, voltage stability analysis techniques. This is done to check the adequacy of the evacuation design or plan to withstand credible contingencies and to assess the reliability aspects of power evacuation.

· Reactive Power Compensation Studies for capacitor locations, sizing, optimum settings for generator excitations, transformer taps. These studies are carried out using reactive power optimization techniques based typically on linear programming methods. The objective is to ensure that power is supplied to load centers at acceptable voltage levels and with minimum transmission losses.

· Optimal Power Flow Studies. For economic dispatch or other suitable objectives. The other suitable objective may contain, scheduled power exchange, removal of operational infeasibilities, improving stability margin.

·  Engineering studies, such as site survey, plant and equipment locations, various engineering plans and specifications [civil, structural, mechanical, instrumentation, piping, electrical etc], transmission routes, substation layout, circuit breaker sizing, ground mat design, insulation coordination, protection and coordination to complete the designed Power Evacuation arrangement.

