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1.    Introduction

The POWERWORLD TM simulation package has been developed to illustrate the basic (and sometimes more advanced) aspects of operating a high voltage power system.  To run this program you will need an IBM compatible PC with at least a 386 processor with a math coprocessor (a 486 or Pentium is strongly recommended for acceptable performance).  The computer must have at least the following:





a.	Microsoft Windows 3.1

b.	VGA or higher résolution video card

C.     a mouse







In this manual, the necessary computer commands and Windows sélections will be shown in bold.  Unless noted otherwise, clickdenotespressingtheleftmousebutton, while double click refers to pressing the left mouse button tffl'ce in' rapid succession.  To select a @ndow item, place the cursor at the destred location and click the left mouse button.







2.	Installation frorn Floppy Disk



i                        1



The program and the necessary auxi'l'ary files are usually prov'ded on a 3.5" floppy disk.  The program can be run off of the floppy disk. flowever performance is much better if it is copied to a hard disk.  The noppy contains the following five types of files:







1 .    PWRWORLD.EXE This is the actual simulation program.  Note, you

can only run this program from Windows.







	2.	*.PWC	These are the files used by the program to run

			different simulation cases. Torunacaseyouneed

			both the *.PWC (short for POWERWORLD Case file)

			file and a *.PWD file (short for POWERWORLD

			Display file). Note that the *.PWD file does not

			necessarily have the same file name as the *.PWC

			file (see Main One-Line File entry on page 58).



	3.	*.PWD	These are the files used by the program in

			@conjunction with the *.PWC files to run a

			simulation.  The *.PWD file contains display

			information.
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4.	*.SCP                These are the "Script" files.  As the name 'mpl'

script file contains specific actions which take place automatically at specific times during the POWERWORLD simulation.  A case does not need to have a script file.



5.	BUILDER.EXE 'Fhls is an auxiliary program used to create the .PWC and the *.PWD files.  The User's Gu'de for the Builder program is contained in Appendix C.
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The following section provides generic instructions on eopy'ng the package to a hard disk.  However, since PC computer systems can differ in an almost infinite manner, the instruction are of necessity generic.  If you are not famillar with DOS and Windows, the best advice is to have someone famillar with your system help in the installation.  If you are famillar with DOS and Windows, the installation is straightforward since none of the files have been compressed.







The program and associated files can be copied to any directory on a hard disk, but should be kept together.  For these instructions it is assumed that the hard drive is C: and the programs are placed in the same directory on C: as on the floppy (PW).  This directory is C:\PW.







The programs can be copied from the floppy to the hard drive from DOS by first moving

to the highest directory level on the hard drive (from C: type CD \ to accomplish this).







'Fo create the subdirectory PW on the hard disk and copy all files place the floppy ' into

the drive (assumed here to be drive AI) and then from the C: prompt type







XCOPY A: C: /S



The subdirectory PW should now contain the PWRWORLD.EXE file, varlous *.PWC

and *.PWD files, and the BUILDER.EXE file.







To create a Windows program icon to easily run the PWRWORLD.EXE program, first start Windows.  Then open the Windows (program group) into which you would like to place the icon.  Next, from the Program Manager menu select FILE followed by NEW and then select OK to create a new program item (icon).  For the Description field type POWF,RWORLD Simulation.  For the Command Line field you need to enter the full pathname of the program.  If @you placed the files in the directory C:\PW, type C:\PW\PWRWORLD.EXE. For the Working Directory field enter the directory where you placed the files.  For example if you placed the files in the directory C:\PW, type C:\PW.  Then click on OK.  The icon for the program should appear.  You can now run the program by double clicking on the icon.



3.      Basîc Power System Operation



POWERWORLD has been developed to illustrate some of the basic aspects of opération of an interconnecter, high voltage power system.  This section provides a brief description of the basics of electrical power systems; it can be skipped by users aiready famillar with

power system opération.                                                        1







Electric power systems appear in many different forms, from a simple DC (direct current) battery supplying electric power toaflashlightbulbtoalargeAC(altemating current) system which is used to supply power to half a continent.  Regardless of size, all power systems have the goal of supplying electric power to a load (such as the flashlight bulb or a city) at a specified voltage and, for AC systems, at a specified frequency.  Furthermore, all systems can be thought of having three parts:







1 .    Source(s)

2.	l,oad(s)

3       Transmission System







Quite simply, one or more sources supply electric power to one or more loads through what is referred to as the transmission system.  For the flashlight example, the battery ' is the source, the bulb is the load, and the wire r-unning between the two is the transmission system.  For such a simple system it is possible to consider each comportent individually.  However for a large AC system this is not practical.  For example, the electric system for the Eastem US and Canada contains thousands of sources, probably over a billion individuel loads, and hundreds of millions of separate wires connecting them all together.  Rather, what is usually done to study such a system is to model just the large sources (generators), just the high vojtage portion of the transmission system (usually those Fines with voltages above 50 kV (kilovolts», and then to model what are known as aggregate loads.  An aggregate load represents the total electric toad in a large portion of the system, such as for a small town.  The level of detail included in a study depends upon what portion of the system we are interested in studying.  For example a utility in Illinois might represent their own portion of the system in great detail, portions of the neighboring systems in Illinois (and surrounding states) in lesser detait, and then totally ignore more remote portions of the system (such as New England and the souther-n states).







One of the key rules of AC power system opération is that the total power supplied by the
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sources must be equai to the total power used by the loads plus any losses in transm'tting that power to the toad.  If this is not the case, the frequency will not be constant; if there is too much generation the system frequency will start to increase, while if there is not enough then the system frequency starts to decreases.  This matching of generation to load would be easy if the load stayed constant.  It doesn't.  The load on a power system is



constantly changing as people tum on and off electric devices, heaters come on and off 1



automatically, etc.  The load does follow a rough pattern, with generally h'gher values during the daytime than at night and higher levels on weekdays versus weekends.  However, much of the load variation is very specific to a particular utitity and depends upon many factors such as ambient température (heaters on cold days, air conditioners on hot days), time of year, day-of-week, etc.  Utilities often go to great lengths to try to estimate what the load will be from several hours to several days into the future.  More long term plans even attempt to estimate the maximum load decades into the future







Power systems are usually interconnected.  In fact the entire Eastern U.S. and part of

Canada	is interconnected (other major U. S. interconnections include the Western part of

the U.S	and Canada, and most of Texas).  Large interconnected systems usually have a

number	of control areas, with each controt area responsable for opération of a particular

part of the system.  Often a single control area corresponds to a single owner (such as an investor owned utility), but it is not unusual for one control area to have more than one owner.  Control areas are connected to neighboring areas thro-ugh tielines.  A tieline is a transmission line that has one end in one controi area and the other end in another.  The total amount of power flowing out of a control area is the algebralc sum of the power flowing out on all the area's tielines.







Each controi area is responsable for procuring enough power to meet its own load plus
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losses.  The control area can get this power e'ther by generat'ng it 'tself, or by buy'ng ' from another area.  This ability to buy and sell power (i.e., power transactions,) is one of the principal advantages of interconnected opération.  Thus the amount of power going out of a control area at 'any one time should be equal to the amount of transactions s,ch,eduied at that lime.







lligh voltage systems are (almost without exception) three phase systems (3@).  A 3@ system uses three wires to transmit electric power rather than the two wires used in a single phase system (1 @).  An example of a 1 @ system is the electric system in a house where two wires are used to supply power to a]] the electric devices, such as a 100 W (Watt) lamp.  One of the major advantages of a 3@ system is that it can transmit more electric power for a given amount of wire (conductor) material than a l@ system.  This advantage becomes quite important when transmitting power over long distances, such as from a large generator to an urban load hundreds of miles distant. ln normal opération 3@ systems are operated in such a way that the magnitude of the electric power and the voltage and the current in each one of the three conductors is the same.  'l'his is known as balanced 3@ opération; it is the desired way to operate the system.  The POWERWORLD simulation only considrrs balanced 3@ opération.  The advantage of analyzing a balanced system is that because all of the electric quantifies in the three conductors have the same magnitude, we really do not need to show all three.  Ratheriust a single conductor is shown.  This is known as a otw-line diagram, and is the way that power systems are always represented in POW LD. f)f course, it is possible for a system to become







a
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unbalanced, but that requires more sophist'cated analys's which 's not done here (an example is if one of the conductors is broken and comes in contact with the ground -- its voltage is then close to zero, but the other conductors are still close to their original voltages).







Before closing this section, it is important to consider the relationships between.- the basic electric quantifies.  For DC systems these values are voltage (V), current (1), power (P) and résistance (R).  Their relationships are







1 R                 (Ohm's law)

v 1







For AC systems studied in POWERWORLD these values are voltage (V), current (1), real power (P), reactive power (Q), apparent power (S) and impedance (Z).  Because AC voltages and currents are "altemating" between a positive maximum and a negative maximum, we not only have to be concerned about the magnitude of the value, but also their "phase" relationships ffl'tli each other (for the mathematically inclined, these values are complex numbers).  The relationships between these quantifies are







1 z                 ( AC form of Ohm's law)

VI*



Erreur!







For high voltage power systems, voltages are usually expressed in kV (kilovolts - 1 kV = 1 000 volts), currents in amps, reai power in MW (Megawatts - 1 MW =- 1,000,000 watts), reactive power in Mvar or MVR (Megavars), apparent power in MVA, and impedance in ÇI (ohms).  Real power is the quantity which we would usually like to receive from a power system (such as to light a 1 00 W light bulb), but some devices also require reactive

power (such as motors). 	Reactive power has been referred to as the "cholestérol" of

power systems -- sometimes	useful in small amounts, but it can "clog up" the system if

there is too much of it.  In	fact it is possible to have a transmission line canying a high

current, but transporting i ust reactive power and thus not supplying any real power.







4.     Window Basies



POWERWORLD only runs from Windows; you can not run it from the DOS command line.  Being a Windows program, it makës use of a number of different windows.  This section briefly describes the basics of interacting with these windows.  Please refer to a reference on Microsoft Windows for more details (such as the Microsoft Windows User's Guide).  Briefly, a window may have the following elements:



Controi-menu box	Smalt rectangle in the upper-left corner of the window.  The control-menu allows you to rapidly close a window by doubling clicking on it.  Selecting the box gives a menu of commands for modifying the window.  Not every window has this box since some windows can not be manually closed (examples are the Simulation Ti@e window and the One-line window).







Window title







Minimize/Maximize buttons







Vertical/Horizontal scroll bar







Double border







The window title is shown on the top line of the window.  By selecting the window title you can usually (but not always) move a window about on the screen.







The minimize/maximize buttons are the two arrows in the upper-right corner- of the window.  The minimize button allows you to reduce the window to an icon (double click on the icon to restore the window).  The màximize button allows you to entarge the window so lt fills the entire screen After you maximize a ffl'ndow, the maximize button is replaced by the restore button, which allows you to restore the window to its original size.  Again, not all windows have these buttons.







The vertical scroll bar appears on the right-hand side of some ffl'ndows, while the horizontal scroll bar appears on the bottom of some windows.  These bars allow you to scroll through a display which doesn't fit entirely on the display.







If a double border surrounds a window, you can change the size of the window by selecting the border and moving the cursor.  Select the comer to simultaneously change both the vertical and horizontal sizes.







5.     General Program Operatîon



The main function of POWERWORLD is to simulate the opération of a control area in an interconnected power system for a given period of time (usually from several hours to a day).  During this time period the system load will typically vary.  The user of the
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program is then responsable to make sure that the total power flow out of his or her control area (l.e., the home area) is always equal to (or at least close to) the scheduled value.  Additionally you must both make sure that there are no long term limit violations (such as overloading transmission lines), and that the system is operated as economically as possible.  The goal of the program is to provide the user with a better understanding of the concepts and challenges involved in interconnected power system opération.



1







Starting the Program



To start the program, double click on its icon from the appropriate Windows program

group.  After starting the program you will see the main menu bar.







Exiting the Program



You may exit the program at any time by first selecting the FILE command from the main menu.  Then select Exit Program.  Alternatively, you m,ay double click on the control-menu box for the main window (the narrow rectangle in the uppermost left part of the window) or by using the Control-menu Close commande







Opening a Simulation Case



The simulation cases are used to model different power systems.  You may open a new simulation case at any time by first selecting the FILE command from the main menu.  Then select Open Simulation Case.  You will then be presented with a file dialog box which should show a sélection of simulation cases (*.PWC files).  Double click on the desired case.  You can use the file dialog box to move to other directories to find a particular case.  The default directory is the one you selected from your Working Directory in Chapter 2. Opening a simulation case will bring up a dlai,,-ram showing the main components of the case (the one-line diagram), along with a system clock (the Simulation Time Window).  Opening a simulation case does not usually automatically start the simulation.  Note that untit you open a case, none of the other commands are available.







Simulation Case Basics



The information for a particular simulation case is stored in the *.PWC file.  The case contains all the information necessary to model a particular power system.  Additionally, the case contains the start time@ for the simulation, the end time for the simulation, information about how the load should change between the start time and end time, and various options.  Opening a simulation case will overwrite all the options which you may have set for a previous case (even if it is the same case - if you would like to reset a case and keep all your option settings, use the Simulation Control, Start/Restart option).
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The information necessary to draw the one-line on the screen is stored in the *.PWD

files.







System l'ime Window
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The Simulation Time W'ndow shows the Start'ng t'me of the simulation (usually in hours and minutes), the Current time of the simulation, the Ending time of the simulation, and the total cost from the beginning of the simulation.  You can not close this window, but you can move it and resize it (see Window Basics for details).  Note that the font size varies based upon the height of the window -- if the time isn't exactly filling the window, try changing the width of the window).  There are no user mod, 'fiable fields in this @ndow.  For simulations in which simulation time changes slowly, seconds are also shown for each of the three simulation times.







Starting the Simulation



Opening a simulation case does not automatically start the case.  This allows you to look over the case before starting it.  To start the case, select the Simulation Control command from the main menu.  Then select the Start/Restart command to start the

simulation. 	You should notice that the simulation time wili begin to increase.

Regardless of	the speed of your computer, the simulation tirne wl'll change at a fixed rate.

How fast the	simulation time increases depends upon the Simulation Speedup selecied in

the Options,	Simulation Options display.
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At anytime during a simulation you can reset the s'mulat'on by aga'n choosing the Start/Restart commande Restarting the simulation will not override any of the options which you have set in the simulation; however, using the File menu to again open the case mil]







Pausing the Simulation



Once the simulation has been started, you can pause it at any time by selecting the Simulation Controi command from the main menu and then selecting Pause.  When the simulation is paused you can use different windows to examine the various case values.  Use the Continue command to continue with the simulation.  Note, the Start/Restart command will reset the simulation to the starting time.







Continuing a Paused Simulation



1       1     1          ing



Once the simulation has been paused, you can continue w'th the s'mulat'on by select'

the Simulation Controi command from the main menu and then selecting Continue.



File Simulation central Options Advanced







Figure 1:     Sample Program Display for Two Bus Power System Simulation







6.   The One-Line Diagrarn - Introduction







The one-line diagram is the primary means for showing what is going on in the power system.  As an example, Figure 1 shows a one-line from POWERWORLD for a smail power system.  The titre of the one-line includes the name of the case, B2 here since the case contains just two buses.  In power system analyses the terrn "bus" is used to refer to the point where a number of lines, loads, generators or other devicesjoin together.  On the one-line diagram buses are represented with elther a thick horizontal line (as with bus 2 on the left), or a thick vertical line (as with bus 1 on the right).  The size of an electric system is usually indicated by the number of buses it has.  Usually the systems modeled in POWERWORLD have just a handful of buses (since any more would make the display too cluttered).  Studies of actuat systems often include several thousand buses.







1             1



Referring to Figure 1, the 0.96 immed'ately to the r'ght of bus 2 shows the voltage 1



magnitude at the bus in "per unit" notation.  Voltages are often expressed 'n per unit, rather than in terres of actual kV.  The reason for this is because large power systems normally contain a number of different "nominal" voltage levels -- high voltage levels (such as 345 kV, 500 kV and 765 kV) are used to transmit power over long distances,
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midlevel voltages (such as 1 15 kV, 13 8 kV and 230 kV) are used to transmit power over medium distances, while lower voltages (69 kV and below) are used to transmit power over short distances (such as within small cities).  Transformers are used to change one voltage to another.  We usually are not interested in the actual value of the voltage at a bus, but rather how close it is to the nominal (expected) level for that bus.  Per unit notation gives us this value.  It is calculated by taking the actual voltage and dividing by the nominal voltage for the bus.  For example if a bus in the 138 kV system is currently operated at 131 kV, its per unit voltage would be 131/138 = 0.95. Likewise if a 345 kV bus is at 327.8 kV it would also have a per unit voltage of 0.95. By showing the per unit voltage we would immediately know that these voltages are at 95% of normal.  Voltages below 0.95 per unit and above 1.05 per unit are usually cause for concem. POWERWORLD has the ability to display voltages in either per unit or in actual kV (see the Simulation Options Display section for details).







The transmission lines are represented by lines going from one bus to another.  In an 1 1



actual power system a transmission line is opened or closed us'ng c'rcuit breakers (similar to the circuit breakers used in your home, but much larger).  Likewise in the program the transmission lines are opened by opening the circuit breakers associated with that line.  The circuit breakers are represented by a red box if it is closed (allowing power to flow down the line) or by a green bordered box if it is open (no power can flow).  You can open a closed circuit breaker by placing the cursor on the red box and clicking with the right button.  Likewise you can usually close an open circuit breaker by placing the cursor on the green box and clicking with the left button.  The only time you can not close an open circuit breaker is when it has been "locked out".  This is indicated on the one-line by a green "X" being drawn through the circuit breaker.  The POWERWORLD simulation sometimes locks out circuit breakers after either unexpected events (such as after a simulated tomado destroys the line), or when a line has been overloaded.  This is done to simulate the time it would take to check/repair the line.  For convenience opening/closing one circuit breaker automatically changes the status of the other circuit breaker for the line.







The flow of real and reactive power down a line is sometimes indicated by placing MW and MVR fields close to the line.  The sign convention on these numbers is that positive power is always going into the line from the bus.  Thus in Figure 1 at bus 1, 85 MW and 15 MVR of power is going into line A (no power is going into line B since it is open).  At the bus 2 end 82 MW and 0 MVR is coming out of the line to help supply the load.  Note that because of résistance (and reactance) in the transmission line, 3 MW and 15 MVR of power is "lost" in transmitting this power; these losses actually cause the line to heat up slightly.  Line losses depend upon the loading of the transmission line.  Each transmission line has a maximum amount of power which it can transmit.  This maximum limit depends upon the line's apparent power and is therefore represented in MVA.  The amount of blue in the pie charts next to each transmission line shows how close the line is to its limit.  In the example line A has a limit of 100 MVA, so it is loaded
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at slightly above 85%.  If you exceed the line limit the pie chart will change to red and show numerically the percentage loading on the line.  In actual practice transmission line limits are set so that a line can withstand at least a small overload for at least a short period of time.  In POWFRWORLD you can overload a line at 120% of its limit for about 20 minutes before unexpected events begin to happen, or longer if the overload is less than 120% but shorter if higher than 120% (see the Simulation Options Display section for details on disabling this option).  The line pie charts can also be used teo show the percentage MW and MVR loading of the line (see the Simulation Options Display section for details).







The generators ln the system are represented on the one-line as circles with a "dog bone" rotor inside.  The power output of the generator is usually indicated close by in MW.  For example the generator at bus 2 is currently supplying 300 NIW, while the bus 1 generator is supplying 85 MW.  The output of the generator can be increased by placing the cursor on the output value (e.g., the 300 MW) and clicking or holding down the left mouse button, while it is decreased by clicking or holding down the fight mouse button.  Each generator also includes a circuit breaker in the line connecting the generator to the bus.  Just like for a transmission line, the circuit breakers are represented by a red box if it is closed (allowing power to flow) or by a green bordered box if it is open (no power can flow).  The generator can be opened by placing the cursor on the (red) circuit breaker box and clicking with the right mouse button, while it can be closed by placing the cursor on the (green) box and clicking with the left mouse button.  For the mathematically inclined users, the position of the rotor indicates the "angle" of the voltage at the generator terminal.







@rhe aggregate load at the bus is represented by the arrow symbol (e.g., to the right of the generator at bus 2).  Close by to the load is the real and réactive value of the load (given in MW and MVR respectively).  Just like in real power system opération, you can not directly change the load values.  That is up to the individuel users of the power to decide how much they would like to use.  However you can open or close an entire load by using its corresponding circuit breaker.  The load can be opened by placing the cursor on the (red) circuit breaker box and clicking with the right mouse, while it can be closed by placing the cursor on the (green) box and clicking with the left mouse button.







7.     The One-line Diagram - Reference



A key comportent of POWERWORLD is its flexibility in allowing you to examine/modify many of the devices contained on the one-line diagram.  This section provides a more detalled explanation of this capability for the different types of objects contained on the one-line.
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Buses



The Bus Information dialog box can be displayed by placing the cursor anywhere on the bus and double clicking with the left mouse button.  This dialog is used to view the bus number, the associated area number, and the voltage magnitude at the bus (in both per unit and actual kV).  You can not change any of these values.







Generators



As was mentioned in the previous section, the status of a generator is determined by the status of its circuit breaker.  The generator can be opened by placing the cursor on the (red) circuit breaker box and clicking with the right mouse button, white it can be closed by placing the cursor on the (green) box and clicking with the left mouse button.







Modeling a generator requires a varlety of different modeling parameters.  Much of this information can be viewed, and some of it can be modified-, by placing the cursor anywhere on the "dog bone" rotor and double clicking.  This brings up the generator submenu.  Select Information Dialog to bring up the Generator Information dialog showing the values of many of these parameters.  Of particular importance are the parameters for modeling the generator cost.  The cost associated with operating a generator var es according to the output of the generator, w'th the general ru e that getting more power out of a generator costs more.  In POWERWORLD, the total cost for each generator is modeled using the common formula







a, + bi Pgi + Ci (P,,i)' + di (P,,i)'           $ / Hour







ci(pgi)             . a, + bi Pgi + Ci (P,,i)' + di (P,,i)'       $ / Hour



where Pgi is the output of the generator at bus 1 in MW, and Ci(Pgi) is the cost of operating the generator at Pi MW for one hour.  This is known as the fuel-cost curve.  The values of the a,, bi, ci and di can be viewed and modified using this dialog.







This dialog also shows the minimum and maximum amounts of real and reactive power (in MW and MVR) the generator can provide.  POWERWORLD Will not let the MW or the MVR output go below its minimum value or above its maximum value.  You will also see that the generator has an Up MW Ramp Rate and a Down MW Ramp Rate.  These rates tell you how fast (in MW/minute) you can safely change the output of the generator.  These rates are needed because of the mechanical and therrnal stresses which arase when the output of a generator is changed.  Since changing the output too quickly can damage a generator, the program will enforce these limits.  However since this is only a simulation program, you can tell the program to ignore the limits.  Then the output of the generator will change instantaneously.  You do this by removing the check from the Enforce Ramp Rate box on the Simulation Options display.







The Voltage Setpoint field specifies the desired terminal voltage (in per unit) for the

generator while the AVR field determines whether the generator is doing automatic
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voltage regulation (AVR).  When the AVR field is checked the generator w'll automatically change its reactive power output to maintain the desired terminal voltage, within the reactive power range specified above.  If a reactive limit is reached, the generator will no longer be able to maintain its voltage at the setpoint value- its reactive



ili be held constant at the l'mit value.               1

power w                                 1             The Inert'a and Damping fields are



described in the Modeling of System Frequency section.                           1







The dialog has one more field, Avallable for AGC.  By checking this field, you are allowing automatic generation control (AGC) to control this generator.  Normally th' is box should be checked.  However there are times when you would like to "manually" control the generator (such as if you are using the generator to remove a line limit violation).  Then simply toggle the field to unchecked.  A generator is also placed on -manual" control anytime you use the left or right mouse buttons to manually change its output.  You could then place the generator back on AGC control by using this dialog.







The fuel-cost curve for the generator can be displayed by selecting the Fuel-cost Curve



1



choice from the generator submenu.  For economic system opération we'd also l'ke to know how much it would cost to generate one more MW at a particular generator.  This is known as the incremental (or marginal) cost.  In POWERWORLD the incremental cost for each generator is modeled using the forrnula
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The plot of lCi(P,,i) as a function of Pgi is know as the incremental-cost curve.  The incremental cost curve for'the generator can be displayed by selecting the Incremental cost Curve choice from the generator submenu.  On both of these curves, the current output of the generator is indicated by the red circle.  Additionally you may view the heat-rate curve, the input-output curve (both of these curves are generated using an assumed fuel cost in $/MBtu which can not be changed), or the govemor speed-droop characteristic (see the Modeling of System Frequency section for details on the speeddroop characteristic).







For most generators the desired output of the generator is also shown close by.  The output of the generator can be increased by placing the cursor on this value and clicking or holding down the left mouse button, while its value is decreased by clicking or holding down the right mouse button.







Loads



As was mentioned in the previous section, the status of a load is determined by the status of its circuit breaker.  The load can be opened by placing the cursor on the (red) circuit breaker box and clicking with the right mouse button, while it can be closed by placing the cursor on the (green) box and clicking with the left mouse button.
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Capacitors



Capacitors are used to supply reactive power (in MVR) to the system, usually to help regulate system voltage.  The status of a capacitor is deterinined by the status of its circuit breaker.  The capacitor can be opened by placing the cursor on the (red) circuit



breaker box and clicking with the right mouse button, while it can be closed by placing the cursor on the (green) box and clicking with the left mouse button. 1







The Capacitor Information dialog box can be displayed by placing the cursor on the capacitor symbol (not on its circuit breaker) and double clicking with the left mouse button.  This dialog is used to view the bus number of the capacitor and the nominal MVRs supplied by the capacitor.  The nominal MVR value is the amount of reactive power the capacitor would supply if the bus voltage is 1.0 per unit, if the voltage is higher than 1.0 the capacitor will supply more reactive power, while if the value is less than 1.0 the capacitor will supply less reactive power.







In an actual power system it is not possible to modify this value (except by physically

1



installing more capacitance). flowever to demonstrate the effect capac'tance has on the

system voltages, POWERWORLD allows you to modify this value.







Transmission Lines



The Transmission Line Information dialog box can be displayed by placing the cursor on the transmission line and double clicking with the left mouse button.  This dialog can be used to view the bus numbers of the two ends of the line (the "from" bus and the "to" bus)
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and the circuit number of the l'ne (the circuit number 's usually " 1 "; 't is only needed to uniquely identifying lines when two or more lines join the same two buses).  You can not modify these values.







The dialog also shows the résistance, reactance, and the total charging capacitance of the line (in per unit), along with the MVA rating of the line.  In an actual power system you can not usually modify these values.  However to demonstrate the effect these values have on the system, POWERWORLD allows you to modify their values.







Each transmission line has a maximum amount of power which it can transmit.  This maximum limit depends upon the line's apparent power and is therefore represented in MVA.  If the line's loading exceeds this limit eventually it will fail.  In actual practice transmission line limits are set so that a line can withstand at least a small overload for at least a short period of time.  In POWERWORLD you can overload a line at 120% of its limit for about 20 minutes before unexpected events begin to happen, or longer if the overload is less than 120% but shorter if higher than 120% (see the Simulation Options Display section for details on disabling this option).







Finally the dialog shows the actuat real and reactive power flow at both ends of the lines

1



(because of real and reactive losses these numbers may be d'fferent), and the percentage

MVA loading of the line.  These numbers can not be tnodified.
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'Fransformers



Transformers are used to transfer power between different voltage levels in a power system.  Most transformera provide taps on the windings to adjust the ratio of this transformation.  By changing the tap position, it is possible to regulate the voltage magnitude at one of the terminale of the transformer.  Such transformera aie called etther load-ta chan in LTC transformer or ta chan in under-load TCUL transformera.







Another type of transformer is known as a phase-shifting transformer (or phase shifter) Phase-shifling transforrners, which are much less common than LTC transformera, va the angle of the phase shift across the transformer in order to control the MW power flo through the transformer.  This type of control can be very useful in controlling the flo







The Transformer Inforrnation dialog box can be displayed by placing the cursor on th transformer symbol and double clicking with the left mouse button.  This dialog can b used to view the bus numbers of the two terminale of the transformer (the "from" bus an the "to"bus)andthecircuitnumberofthetransforiner(thecircuitnumberisusually"I' it is only needed to uniquely identifying transformera when two or more transformersjoi







The dialog also shows the résistance, reactance and capacitance of the transformer (in unit), along with its MVA rating.  In an actual power system you can not usually modi these values.  However to demonstrate the effect these values have on the system Po floWS, POWERWORLD allows you to modify theirvalues.  Thedialogalsodisplayst off-nominal tap ratio andthephaseshiftangleforthetransformer. lfthetransformer not on automatic contro 'l these values can be changed manually.  The off-nominal t ratio determines the additional transformation relative to the nominal transformatio This value normally ranges from 0.9 to 1.1 (1.0 corresponds to no addition transformation,).  For non-phase shifting transformera the phase shift angle should be s to zero.  For phase-shifting transfortners this value normally ranges from about -40'







An LTC transformer can bc placed on automatic voltage regulation by checking Automatic Voltage Control box.  When it is on automatic control the transformer t automatically change to keep the voltage at the regulated bus (usually one of the tertni buses of the transformer) within a voltage range between the minimum voltage maximum voltage values (given in per unit).  The limits on the tap ratio are specifie the minimum and maximum tap fields.  The tap changes in discrète steps, with the s size specified in the tap step size field, You may change the values in any of these fiel The Tap Sensitivity field provid.es an estimate of the change in the controlied bus volt







The tap position for an LTC transformer is indicated on the one-line by the number o step positions from the nominal position (i.e., the position when the off-nominal tap r is equal to 1.0). When the off-nominal ratio is greater than 1.0 the transforrner's t 'd to be in the "ra' "... 'R' a ars after the number- likeffl'se when



sai                    Ise    sition so an







off-nominal ratio is less than 1.0 the transformer's tap is said to be in the "lower" position



so an "L" appears after the number.  For example, with a step size of 0.00625 and an off1 1 1



nominal ratio of 1.05, the tap would be 'n position 8R.  The tap position can be changed manually only when the transformer has been set off of automatic voltage control.  For this case, clicking on the tap position with the left button raises the tap one step, while clicking on the tap position with the right button lowers the tap one step.







A phase-shifting transformer can be placed on automatic MW control by checking the Control Active box.  When it is on automatic control the transformer phase shift angle automatically changes to keep the MW flow through the transformer (measured at the regulated bus end) between the minimum and maximum flow values (given in MW flow into the transformer is assumed to be positive).  The limits on the phase shifting angles are specified in the minimum and maximum phase fields (in degrees).  The phase shift angle changes in discrete steps, with the step size specified in the Step Size field (in degrees).  The MW Per Phase Angle Step Size provides an estimate of the change in the controlled MW flow value if the phase angle is increased by the step size value.







Oneline Links



Oneline links are the mechanism used in POWERWORI.D to permit the user to view

multiple one-line diagrams.  By default the oneline links are shown as blue rectangles
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surronding a textuai description of the I'nked one-line diagram.  Double click'ng with the left mouse button anywhere within the link wl'll cause the linked one-line diagram to be either created if it does not already exist, or brought to the foreground of the @ndow if it is hidden behind another one-line diagram.
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For new users studying smali cases (less than a dozen buses) a s'ngle one-l'ne 's usually suf'ficient to display the power system in adequate detail.  For such a case no oneline links are needed.  However more seasoned users studying larger cases may find using a number of different one-line diagrams necessary to display an entire case in adequate detail.







Advanced users can also use the Advanced, Open Oneline File menu command to directly open a one-line diagram (*.pwd) file.  See the Displaying Multiple One-line Diagrams Section on page 27 for details.







Static Background



POWERWORLD allows the case designer to place static background on the one-l' ine diagram.  For example, background might be used to indicate the boundarles of the different operating areas.  Static background can not be modified in any way in POWERWOP,LD.
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8.	Siniulation Options Display



1     1      1                                                      1         and



The s'mulat'on opt'on display allows you to change the way the simulation looks

runs.  'fo call up this display, select the Options command from the main menu, and then
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select Simulation Options.  You can close th's d'splay by either selecting the OK 'fyou would like to save any changes you may have made, or by selecting Cancel to ignore any changes you have made.  The simulation is automatically paused when you have this display active.  You must close this display before you can access anything else.







1            ive to actual

The Simulation Speedup field controls how fast the simulation runs relat'



time.  For example entering 15 in this field causes the simulation at 15 * actual time so

that one minute of simulation time occurs in four seconds of actual time.







The Voltage Options box allows you a choice of how bus voltages are displayed on the one-]]ne.  Choose Voltage in pu to display the voltages in per-unit notation, or Voltage in kV to display the bus voltages in actual kV.







1	The Unexpected Events box allows you control of unexpected events, such as l'ghtn' ing hitting a transmission line.  When such an event occurs, the l' ine's circuit breakers immediately open to protect the line from further damage.  For some events (such as a lightning strike) you can immediately reclose the line (i.e., you can use the one-line to

close the circuit breakers). flowever for other events, like tornadoes, the line wl'll stay open for the remainder of the simulation (since it can take months to rebuild a line).  Hence the program @It not allow you to reclose the line.  These events occur at random times.  Any time an event occurs you will get a message box on the screen.  You will not be able to do anything else until you acknowledge this box by selecting the OK button.  There are three choices of how often unexpected events should occur:







	1 .	Never	No unexpected events occur.
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	2.	Occasionally	Events occasionally occur.	Each l'ne has a g'ven l'kel'hood of a





			problem each hour.



3.     Often        Events occur 5 times as rapidly as ffl'th Occasionally.  Good luck

trying to keep the system together!







The Home Area Control Options box determines the type of area control used for your

area.  Please see the Simulation Area Control Section for details.







The Display Detail box allow-s you control of how much information is shown on the

one-line display.  There are three choices:
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1 .    Minimal        Just show the background, c'rcu't breakers on lines, MW output of



generators and load MW/MVR.  The line overload pie charts are

only shown if the line is loaded above 80% of its limit.
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	2.	Moderate	Show all Minimal information, along with bus voltages and all line

			overload pie charts.

	3.	Complete.	Show ail information.







Please note that not all of the above information is always available for every case.  For

1



example for cases with a large number of buses, there 's not always room to show every

line flow.







The Line Pie Chart Style box determines whether the line pie charts show the percentage

loading of the line based upon the MVA flow, the MW flow, or the MVR flow.







The System Frequency Model box detertnines how system frequency should be modeled



1                    ins

Usually this option should be set to Constant Frequency, for wh'ch the frequency rema'



fixed at a particular value (usually 60 Hz).  See the Modeling of System Frequency

Section for details on the Uniform Frequency option.          -





The flow of real power (MW) through the system can be "animated" by checking the Show Animated Flows box.  When this box is checked, the flow of power through the transmission lines, out of generators, and into loads is shown by a serres of "flowing" dots.  The speed and direction of this flow is proportional to the real power flowing in the device.







The Enforce Ramp Rates field determines whether the output of the generators can change instantaneously or is restricted to maximum/minimum rates.  See the Simulation Area Control Section lèr details.







The Check Line Overloads fields deterrnïnes whether to enforce limits on transmission 1 1



lines and transformera.  When the field is checked transmission I'nes and transforiners eventually fail if they are overloaded for too long.  This models what would occur in actual system opération.  When the field is unchecked overload limits are not enforced.







9.     Simulation Area Control



The main goal of the simulation is to operate an area of an interconnected power system so that there are no major mishaps, and with mînimal cost.  Usually the most important controls available for achieving this goal are the MW output of the generators.  This section details how this control is accomplished.  There are two choices for how to do control of your area







1.     No area controi           The output of the generators does not change

automatically.  You must manually change the
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generation to match system load/losses/transaction variation.



2.      Economic dispatch controi.   The output of generators changes automatically to



match changes in load/losses/transaction variation.  Each generator's output is changed so that the system is dispatched economically (see the following for details).







ain menu and



This option is set by selecting the Options command from the m '                then

selecting Simulation Options.  This brings up the Simulation Options display.  Select the

appropriate choice under Area Control Options.
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A major requirement of good power system operat'on 's that each operating area changes its total generation to match changes in its load plus losses plus power transactions wl'th other areas.  Since the load is constantly changing, this can get tedious if done manually.  However you can try doing manual control by selecting the No Area Control choice.  Normally though, to avold doing such tedious changes, power systems use Automatic Generation Control (AGC).  The purpose of AGC is to ensure that the actual MW output from an area is equal to the scheduled MW output from the area. l'he AGC system accomplishes this by first calculating the Area Controi Error (ACE) which is defined as







ACE =          Pactuai - Pscheduled + (a term dépendent upon system frequençy)



where Pactuai ls the actual amount of MW's flowing out of an area (if power is actually flowing into the area, then this term is negative), and Pscheduled i,, the scheduled amount of power out of the area (equai to total sales - total purchases in MW).  The last term in the ACE depends upon the déviation of the actual system frequency from the scheduied system frequency.  When the system frequency is modeled us'ng the constant frequency option, this term is always equal to zero.  When the uniform frequency option is selected this term, known as the frequency bias, is equal to -10 B Af, where B is an area specific bias factor with units of MW / 0.1 Hz and is always negative.  POWERWORI,D automatically determines an appropriate B for each area.







Anytime the ACE is greater than zero it means that the area is overgenerating and thus needs to either decrease generation or sell more.  Likewise, anytime the ACE is less than zero the area is undergenerating and thus needs to either increase generation or buy more.  AGC works to keep the ACE close to zero.  However, to accomplish this, AGC needs to know which generators in the @area are available for control.  In POWERWORLD this is done by using economic dispatch (ED) control.  As the name implies, ED control tries to change the output of the area generators economically so that total cost is minimized.  ED control recognizes that some generators are less expansive than others, and it tries to use the least expansive generators to the extent possible
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To do economic dispatch, we need to know how much it would cost to generate one more MW at a particular generator.  This is known as the incremental or marginal cost.  The incremental cost for each generator is modeled using the forrnula
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The plot of lCi(P,,i) as a function of Pi is know as the incremental-cost curve.  The economic dispatch for a system occurs when the incremental costs for all the generators (Xi) are equal.  This value is know as the system @ (lambda) or system incremental cost.  Its value tells you how much it would cost to generate one more MW for one hour.  Your system lambda becomes important when trying to determine whether or not you should buy or sell power.  For example if you can buy power for cheaper than you can generate it yourself, then it might be a good idea to buy.  See the One-line Diagram - Reference Section for details about displaying generator cost information.







10. Area Transactions/Inforrnation Display



One of the primary beneifits of interconnected power system opération is the ab'lity to do power transactions with other areas.  In its simplest fortn, a power transaction is when one area sells a specific amount of power for a specific time period at a specific price to another area.  In actuat practice there can be an almost infinite variety of different types of power transactions.  However for simplicity in the current version of the program there are only two types of transactions: you can either buy a fixed block of power from another area for the remainder of the simulation, or you can sell a fixed block of power to another area for the remainder of the simulation.  You may, however, enter into any number of individuel transactions over the course of the simulation, even buying low from one area and then tuming around and selling high to another.
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Figure 2:      Area Transactions/Information Display for a Three Area System







To setup or view your trarfsactions, select the Options command from the main menu.  Then select Area Transactions/Information Display to bring up the Area Transactions/Information display.  An example of this display is shown in Figure 2. The purpose of this display is threefold.  First, the display provides a convenient summary of the scheduled and actual transactions between different operating areas.  The actual interchange between two areas is the sum of all the MW flows on the transmission lines that join the areas.  The scheduled flow between areas indicates the total of the scheduled transactions between those areas.  To see a detailed listing of the individuel transactions between two areas, double click with the left mouse button on the scheduled value.  This causes the Inter-Area Power Transactions list to be displayed, summarizing the individuel transactions between the areas.  From this list, double click on any transaction to display the Power Transactions options display.  This display provides more detalled information about the transaction.  You can also use this display to change the endtime for the transaction.







The second purpose of the Area Transactions/Information Display is to provide a means for obtaining more detailed information about the individuel operating areas in the simulation.  Doubling clicking with the left mouse button on an area block causes the
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Area Information dialog to be displayed, which shows various pleces of information

about the area.  The display has the following fields:







Area Control Options	Select to place the area on or off of automatic generation controi.



Total Simulation Cost	Total area cost in $ from the start of the simulation to the current time.



Current Hourly Cost	Current average hourly cost for the area in $ / hour.



Area Lambda	Current incremental cost for the area in$/ MWH.  This field is only vaild if the area is on AGC.



Area Load	Current load in MW for the area.



Area Generation	Current generation in MW for the area.



Area Losses	Current real power losses in MW for the area.



Scheduled Interchange	Current scheduled interchange in MW between the area and all other areas (selling power is positive).



Area Controi Error	Current area control error (ACE) for the area in MW, Note that when the constant frequency model is used, ACE = area generation - area load - area losses - scheduled area interchange.



Inadvertent Interchange	The inadvertent interchange keeps track of how much extra energy in M\VH the area has produced.  The inadvertent error increases anytime the ACE is positive (indicating the area is producing too much power), while it decreases anytime the ACE is negative.







The last purpose of the Area Transactions/Information display is to provide a convenient means for entering into transactions with other areas.  Within each area block the buy/sell quotes for a specific amount of power are displayed in $/MWH.  This information is computed automatically using the@generator cost information.  If the area is not on AGC, then the program has no way of knowing how it should change generation to calculate the transaction cost so quotes are not calculated.  A quote is also not calculated if the area does not have sufficient generation reserves to do either a purchase or a sale.  Note that as the system operating conditions vary, so will the quotes, with the quotes generally increasing as the load increases.  Quotes are rounded to the nearest dirne.







To initiate a transaction between two areas, use the right mouse button to click on either a buy or a sell quote for an area.  Once a quote is selected, it will be shown in red.  Then move the cursor to another area and use the -right mouse button to click on the converse quote for that area (i.e., if you selected a buy quote for the first area, you must select a sell quote for the second area).  The Power Transactions options display is then shown.  This display provides a summary of the proposed transaction.  Enter a starting and ending time for the transaction.  The default start time is the current time, while the default end time is the end of the simulation; the start time can not be before the current time.  A power transaction between areas is only economical if the buy quote for one area is greater than another area's sell quote.  In this case the transaction price is the average of the two quotes.  For all other types of transactions, the transaction is assumed to be initiated by the area selected first, with the price equal to the quote of the second area.  The transaction begins to take effect at the start time.  However because real generators can't change their MW output instantaneously, the transaction-gradually ramps up to its full value over a ramp time (set by default to 10 minutes).







11. ACE Chart



The ACE chart shows a strip chart of the ACE for your area in MW over the last 30 minutes.  The strip chant starts to chart the data when you start it up, with new data appearing on the left.  To view this display, select Options, ACE Chart.  Use the display's control-menu box to close the display.  You can change the scale of either the x-axis (the time axis) or the y-axis (ACE MW axis) by double clicking anywhere on the axis itself (not on the numbers below or to the left of the axis - also, try not to double click close to the other axis).







12.  Load and Generatîon Chart



The Load and Generation chart shows a strip chart of the area load (plus losses) and generation in MW over the previous few hours.  The strip chart starts to chart the data when you start it up, with new data appearing on the left.  To view this display, select Options, Load and Generation Chart.  Use the display's control-menu box to close the display.  You can change the scale of either the x-axis (the time axes) or the y-axis (Load/Generation MW axis) by double clicking anywhere on the axis itseif (not on the numbers below or to the left of-the axis - aiso, try not to double click close to the other axis)
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13.  Scheduled MW Transactions Chart



The Scheduled MW Transactions chart shows a strip chart of the scheduied real power (MW) transactions for the area over the last hour.  The strip chart starts to chart the data when you start it up, with new data appearing on the left.  To view this display, select Options, Scheduled MW Transactions Chart.  Use the display's controi-menu box to close the display.  You can change the scale of either the x-axis (the time axis) or the yaxis (Scheduled Transactions axes) by double clicking anywhere on the axis itself (not on the numbers below or to the left of the axis - also, try not to double click close to the other axis).







14.  Average Cost per MWH Chart



The Average Cost per MWH chant shows a strip chart of the average cost pet- MWH for the area over the last hour.  This value is calculated by dividing the total cost for the area (generation cost + purchased power cost - revenue from power sales) by the MW load in the area.  The strip chart starts to chart the data when you start it up, with new data appearing on the left.  To view this display, select Options, Average Cost per MWII Chart.  Use the display's control-menu box to close the display.  You can change the scale of elther the x-axis (the time axis) or the y-axis (Scheduled Transactions axis) by double clicking anywhere on the axis itself (not on the numbers below or to the left of the axis - also, try not to double click close to the other axis).  Note that as the area's load increases, the average cost per MWII tends to increase.







15.  Modeling of System Frequency



In a large, interconnected power system, the system frequency is usually very close to its specified value.  For the US this is usually 60 Hz.  Thus for many power system studios it is completely appropriate to consider the system frequency fixed at this value.  In POWERWORLD this is known as the constant frequency assomption (this is accomplished using the power flow with a slack bus).  This value is set on the Options, Simulation Options dialog in the System Frequency Modeling section.  For most uses of POWERWORLD, the constant frequency model should be used.







However sometimes during system disturbances, such as following the loss of a generator, the system frequency may deviate from the desiredvalue.  Withinthefirst several seconds following such@a disturbance the interinachine oscillations can be important, and therefore the system no longer hasasinglefrequency.  Transientand midterm stability programs are used to study these oscillations.  The POWERWORLD simulation does not model these dynamics.  Rather, POWERWORLD use the approximation, common in long-terin simulation programs, that the system has a unifon-n (but not constant) frequency.  The unifonn frequency approximation permits the use of a
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large time step in the intégration of the system frequency differential equation.  This

modet is selected on the Options, Simulation Optîons dialog in the System Frequency







In a reai power system accurate modeling of system frequency response requires usin rather detailed models of the generator-turbine-boiler combination at each generatin station, and the automatic generation control (AGC) for each operating area.  In contrast POWERWORLD uses simpler models, with the goal of only providing an introduction t the effects frequency can have on power system opération.  Modeling the frequency/M m li he u in he followin variables:







p

p











scheduled per unit MW electrical output of generator 1.

actual per unit MW mechanical input supplied to generator

1



of nerator i.







l'he scheduled power, P,i, is usually set by the economic dispatch program, but can als be set manually.  The actual mechanical input power to the generator, P@, then depen upon the speed-droop characteristic of the generatoes govemor.  The speed-dro characteristic is necessary to perinit parallel opération of generators.  The governor/pri mover response is assumed to be infinitely fast so that the relationship between P,i a











comes algebraic:











system frequency déviation from its nominal value (f - fo).

nominal frequency (usually 60 Hz).

actual system frequency.

the magnitude of the slope of the speed-droop characteristic (in







Thus Ri determines the change In the generatoes input power for a given déviation system frequency. POWERWORLD irnplements the common practice in which the va of R (for each generator) is set based upon that unit's maximum MW output.  Thus given Af, the change in Pn at each generator is proportional to its maximum ou Currently this value is fixed at a 5% speed-droop (meaning that a 5% change in syst frequency will result in a 100% change in the generator's input power).  From the 0 line diagram you can view a graph showing the speed-droop characteristic by fi placing the cursor on the generator symbol and double clicking.  Then from the genera submenu select Generator Speed-Droop Characteristic.  On this graph the cu
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With the unîforin frequency approximation, the change in system frequency de upon the différence in the total mechanical input supplied to the generators and the t electrical output of the generators.  This différence is known as the accelerating Po As long as the accelerating power is equai to zero, the system frequency rem constant.  However when elther the system load or the total system generation chan the acceleratin r causes the s stem fre uency to either increase (if it is positiv







decrease (if it is negative).  The total accelerating power is deten-nined at each time step

in the simulation, and is allocated to each   nerator in      rtion to its inertia.  Thus











	I> gi	. =	P,,i + Erreur! Pc,l



	Pgi		actual per unit elect

	Hi		the per unit inertia c

	1 It.ti	=	total of per unit ine







actual per unit electrical output of generator i. 1 the per uni t i nerti a constant for generator i (on a 1 00 M VA base) total of per unit inertia constants for ali generators in the system.







The differential equation describing this change in system frequency i
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where

D(,)ta] @      total damping for all generators (on a 1-00 MVA base).



Note that for a given value of P,,,.,, the rate of change in system frequency depends upo the total inertia modeled in the system.  For realistic modeling of system frequenc déviation in a large system (such as the Eastem US/Canada interconnection), it i







total dam in for all nerators (on a 100 MVA base







The System Frequency chart shows a strip chart of the system frequency over so 1



previous time interval.  The strip chart begins to d'splay the frequency when you start up, with new data appearîng on the left.  To view this display, select Options, Syste Frequency Chart.  Use the display's control-menu box to close the display.  You c change the scale of elther the x-axis (the time axis) or the y-axis (frequency axis) double clicking anywhere on the axis itself (not on the numbers below or to the left of t







16. Case Summary



The Case Summary dialog displays infon-nation about the current POWF-RWORLD ca including the number of buses, the number of generators, the number of transmisse lines/transforrners, the number of controt areas and the pathname of the case.  If the c has an associated script file this is also indicated (see the Script Files Section for m











The About box dis la s information about POWFRWORLD, includin the version num







18. Systern Power Flow List





This display shows more complete information about the system power flows in text forrn.  To view this display, select Advanced, System Power Flow List Display.  This



information is intended for advanced users of the program who would like detalled information about the power system case.  The display shows, for each bus in the system, the per unit voltage at the bus, the load and generation at the bus, along with the flow on all the transmission lines coming into the bus.  The display has its own menu.  Select Menu, Refresh to refresh the window or Nlenu, Close to close the menu (you can also double click on the control-menu box.







You can also customl'ze the list display by selecting Menu, Font to change the font used
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in ' the I'st (closing the d'splay resets the font to the default value).  Use the CTRL-P to

print the display.







19.  Displaying Multiple One-line Diagrarns



POWERWORLD has two mechanisms for allowl-ng users to display Multiple One-line d ' iagrams for a case.  For new users studying small cases (less than a dozen buses) a single one-line is usually sufficient to display the power system in adéquate detail.  However more seasoned users studying larger cases may find using a number of different one-line diagrams necessary to display an entire case in adequate detail.







The first mechanism is for the case designer to create a set of one-line d' iagrams in Builder that are "linked" together using oneline links (see the Appendix C for details on doing this in the Builder program).  By default the oneline links are shown on a one-line diagram as blue rectangles surrounding a textual description of the linked one-line diagram.  Double clicking with the left mouse button anywhere within the link will cause the linked one-line diagram to be either created if it does not already exist, or brought to the foreground of the window if it is hidden behind another one-line diagram.  This provides a convenient mechanism for quickly moving amongst a set of one-lines.







The second mechanism is to directly open a one-line file (*.pwd f-ile) using the Advanced, Open Oneline File menu commande Whenyouselectthisoptiontheoneline open dialog box is displayed.  Select the appropriate *.pwd file from the directory that contained the original case.  Note you can open any *.pwd file, but valid control actions/case data is only shown for one-lines that correspond to the case you are running.







20. 	Script Files
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One of the most important capab'lit'es Of POWERWOPLD 's the ab'lity to schedule

particular events to occur at specific times during the simulation.  This is accomplished
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using script files.  As the name implies, a script file contains speclf'ic actions which take place automatically at spec'fic t'mes during the POWERWORLD simulation.  Us'ng script files 'ust about any action a user can do manually can be setup to occur automatically.  In addition it is possible to add written text annotations which appear on the screen at various times throughout a simulation.  Thus an entire démonstration of a simulation case can be setup beforehand and then simply played for an audience. flowever note that while a script file is playing the user still has the complete ability to interact with the simulation.







Identifying Script Files



The script file for a case is denoted with the *.SCP file extension.  The script file is always ln the same directory as the *.PWC and *.PWD files.  Note, however, that a case need not have a script file.







Playing a Script File



Whenever you load a case into POWERWORI,D, the script is loaded from the *.SCP file (if a script file exists).  The script is automatically played when the simulation is started.  You can tell that a case has an associated script two different ways.  First, the expression '(using script)' is appended to the simulation titre.  Second, ln the Case Summary dialog box the line 'Case uses a Script' appears on the line immediately before the OK button.  While a script is playing you still have complete ability to interact @th the simulation.







Normal,ly the text annotations appear for a specific amount of simulation time and then disappear automatically.  Ilowever you can manually delete an annotation at any time by placing the mouse cursor on the annotation and double clicking with the left mouse button.







Clearing the Script



At anytime you can clear the scrîpt by selecting Advanced from the main menu, and theu selecting Clear Script from the submenu.  Clearing the script removes all future scripted events for the current POWERWORLD case, but does not delete the *.SCP file.







Creating a Script File
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The easiest way to generate a scrîpt file is to use the POWERWORLD record'ng capab'l' To record a script file for a case first load the associated case.  If the case already has a script file it is usually best (but not required) that you first clear the script (using Advanced, Clear Script).  Then select Advanced, Start Recording Script File and start the simulation.  POWERWORLD then writes most of the user issued commands into the *.SCP file.  Note, however, the size and move window commands are only recorded when you select these commands from the window's control menu (select the controimenu box in the upper-left corner of the window).  If a script file previously existed for this case it is overwritten.  When recording is active the expression '(recording)' is appended to the simulation title.  To stop recording select Advanced, Stop Recording.
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To add an annotation to the script, place the mouse cursor at the location at which you would like the annotation to appear.  Then press CTRL+A.  This displays the POWERWORLD Script Annotation dialog box.  The upper lefthand comer of the dialog box is positioned at the location where the annotation will appear on the screen (l.e., the mouse cursor location).  You change change this location by simply moving the dialog box.  Enter the annotation text, the time duration (in simulation minutes) tb display the annotation, and the fontsize.  Select OK to add the annotation to the script file, or CANCEL.







The script file itself is an ASCII file and can therefore be modified using any type of text
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editor program.  The format of the commands in the scr'pt file 's descr'bed in Append'

B.







Dynamic Interaction with other Programs

1

POWERWORLD has extensive capability to dynamically interact-w'th other programs, able

to both receive commands and provide case data throughout the simulation.  This allows



an advanced user to override and/or extend the functionality of the program.  Please see

Appendix B for détails.







21. Printing



Individual windows can be printed to the default Windows printer by first making the window the "active window" (done by clicking with the mouse somewhere in that window), and then pressing the CTRL-P key.  For example, if you would like a printout of the one-line diagram, click with the mouse somewhere on that display, and then press Cl'RL-P.







To capture the entire screen as a bitmap, press the CTRL-D key.  POWERWORLD Will then prompt you for the name of a file to store the bitmap image.  Please note that these bitmap files can be quite large (up to 1 MB - depending upon your display résolution).







22.  Performance Issues and Possible Problems



How fast the program operates depends upon a number of different factors.  First and foremost is the speed of the computer you are using.  In general, the faster the processor, the faster the program.  However since this program makes extensive use of screen windows, performance is also strongly dépendent upon the speed of your video adapter.  In fact for most scénarios, most of the "work" done by the computer is concerned with keeping the display up-to-date.  Having a graphics accelerator board in your computer will certainly make the program update much faster.  In general performance depends







upon how many windows you have open on the screen, and the size of each window







One of the advantages of writing a program for Windows is that the program user will have tremendous control over what appears on the screen.  Some windows usually appea on the screen, such as the system one-line and the clock.  However most ofthe windo are optional, and can be opened and closed at your discrétion.  And in this freedom there is a potentiel problem.  Opening a window takes up a certain amount of memory, an since every computer has a fixed amount of memory, eventually you could open up too many windows.  How many windows this takes depends upon how much memory you computer has, and whether you are running any other Windows applications.  If you try to open a new window without sufficient memory, it could cause the program to crash. 1 this occurs, your best response is to exit Windows before continuing.  This said, it shout be noted that we have tested the program on a number of different machines, and beli'eve that it should perform correctly almost @thout exception. 1 lowever there is no







Appendix A - Simulatîon Case Descriptions

A.1   B2 Case





This introductory system contains just 2 buses, with two transmission Fines connecting the buses.  Each bus makes up a separate operating area.  You are the operator of the area which contains bus 2. The simulation runs from 6 am to 10 am.  During this time the load in your area will increase from an initial value of 300 MW at 6 am to 450 MW by 10 am. At 6 am you are generating 300 MW so your initial value of the ACE is equal to zero.  However your area is not on area control.  Therefore if you do not change your generation to match your load, your ACE will quickly decrease.  This will give you a negative inadvertent interchange, meaning that the other area is supplying part of your power.  This is costing them money, and they have to make a living too!  Therefore at the end of the simulation they will charge you top dollar for this "inadvertent" energy (200 $/MVM !).  Note, they will seil you this energy for much less, so it is a good idea to setup one or more officia] transactions with them.  Your goal in the simulation is to get through the four hours with minimum cost.  This is a good case to use to get famillar with the basic mechanics of the program.  Try opening a line to see how the power redistributes.







A.2 B3 Case
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This case contains 3 buses and 3 generators, with transm'ss'on linesjoining al] of the buses.  Your operating area includes buses 2 and 3 and the linejoining them.  The simulation runs from 6 to '10 am.  During this time the load in your area will increase from an initial value of 300 MW and 150 Mvar, to 850 MW and 425 Mvar.  Each of your two generators are initially supplying 150 MW.  However because they have different cost characteristics (the bus 3 generator has a lower overall cost), this is not the best way to operate the system.  Your area is initially on participation factor control.  Again, your goal ls to get through the four hour simulation with minimum cost.  Watch out for line overloads.







A.3   B3FIat Case







This case is identical to the B3 case, except the load does not change.  This allows you to

1



get a better feel for how chang'ng the generation affects the system flows, without the

distraction of varying loads.
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A.4 Bll Case







A.4.0 About the system



This system contains 1 1 buses, 13 lines (including 3 transformera), and 3 generators in Area 1 (the system shown).  You are the operator of Area 1. 'Mere is a tienne from bus 2 to Area 2, and a tiel ine from bus 1 0 to Area 3. Areas 2 and 3 represent the rest of the wdrld.  In the simulation, Area 2 contains a generator at a bus nurnbered 12, and Area 3 contains a generator at a bus numbered 13.  Areas 2 and 3 are connected externally ffl'th a transformer line between buses 12 and 13.  For those fam'liar with load flow terminology, the generato@r at bus 12 (in Area 2) is the "svàng" or "slack'! bus for the entire system.  Buses 6, 7, 10, and 13 are nominal 138KV while the remainder are 345KV.







A.4.1 Simply watching the system



The initial display is a midnight scenan'o M'th al] areas on economic dispatch control.  To start the simulation, click on "Simulation Controi" and then on "Start/Restart".  Since the default generator control is set for economic dispatch, the system will immediately change the generation to the most economical schedule %"'th zero Area Control Error (ACE).  You will see the current time changing in the simulation time window.  You can simply sit and watch the power system go through one full day of load and generation cycling.  With the default speedup setting, this vàll take about 24 minutes.







The bus voltages and line power flows will automatically change as the load varies through the day.  The "blue pie charts" indicate the apparent power line loadings - all blue is 100%.  The generation in Area 1 is being changed automatically to maintain minimum cost for this base case scenario (no interchange transactions are in place for Areas 2 and 3).  Notice that the load decreases from midnight to 6 am, but then begins to pick up in the moming hours.  It reaches a maximum near noon.  There will be no "overloads" during the 24 hour period if you do not change anything.







You may monitor the system economic information by clicking on "Options", and then on "Area Information Display".  You may do this while the case is running.  To remove the area information display, double click on the upper left comer of the "Area Information Display" window.







A.4.2 Speeding up the system simulation



The simulation goes through one 24 hour load cycle.  With the default speedup set at 60 to 1, the simulation will take about 24 minutes.  You may change this speedup factor by clicking on "Options" and then "Simulation Options".  You ffl'll notice that the speedup factor is already highlighted for your input. @ Simply use the keyboard to enter a new speedup factor (such as 120.). This should reduce the simulation time to 12 minutes.  'Mis speedup factor will affect the total cost of the simulation in two ways.  First, it will not always stop exactly at the midnight hour.  Second, the ramp rates of generators are not correspondingly scaled, and will therefore affect the total cost when loads are changing at accelerated rates.
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8.	Simulation Optîons Display
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The simulation opt'on d'splay allows you to change the way the s'mulat-on looks and runs.  'Fo call up this display, select the Options command from the main menu, and then select Simulation Options.  You can close this display by either selecting the OK if you would like to save any changes you may have made, or by selecting Cancet to ignore any changes you have made.  The simulation is automatically paused when you have this display active.  You must close this display before you can access anything else.
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The Simulat'on Speedup field controls how fast the simulation runs relative to actual time.  For example entering 15 in this field causes the simulation at 15 * actual time so that one minute of simulation time occurs in four seconds of actual time.







The Voltage Options box allows you a choice of how bus voltages are displayed on the



1        it notation, or Voltage in

one-]]ne.  Choose Voltage in pu to display the voltages 'n per- un'



kV to display the bus voltages in actual kV.







The Unexpected Events box allows you control of unexpected events, such as lightning hitting a transmission line.  When such an event occurs, the l' ine's circuit breakers immediately open to protect the line from further damage.  For some events (such as a lightaing str('ke) you can immediately reclose the line (i.e., you can use the one-line to close the circuit breakers).  Ilowever for other events, like tomadoes, the l'ne 'Il stay



1  wl

open for the remainder of the simulation (since it can take months to rebuild a line).



Hence the program %"'Il. not allow you to reclose the line.  These events occur at random times.  Any time an event occurs you will get a message box on the screen.  You will not be able to do anything else until you acknowledge this box by selecting the OK button.  There are three choices of how often unexpected events should occur:







	1 .	Never	No unexpected events occur.





	1        1    1   1

	2.	Occasionally	Events occasionally occur.	Each l'ne has a g'ven l'kel'hood of a





			problem each hour.



3.     Often         Events occur 5 times as rapidly as ffl'th Occasionally.  Good luck

trying to keep the system together!







The Home Area Control Options box determines the type of area control used for your

area.  Please see the Simulation Area Control Section for details.







The Display Detail box allow-s you control of how much information ]s shown on the

one-line display.  There are three choices:







1 1                                     1   1              ines, MW output of

1 .    M'n'mai        Just show the background, c'rcu't breakers on l'



generators and load MW/MVR.  The line overload pie charts are

only shown if the line is loaded above 800/o of its limit.
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A.4.3 Making power transactions



In order to reduce the cost of serving a days load, you may investigate the option of making interchange transactions.  This is done by clicking on "Options" and then "Area Transactions/Information".  This vàndow will show theactualandscheduledtransactions between thedifferentareasinthesystem,alongvÀththecurrentbuyandsellquotes.  Follow the procédure from Area Transactions/Information Display section to set up different transactions.







A.4.4 Opening and closing lines



To open a line, click the right mouse button on one of the red circuit breaker boxes in a line.  The circuit breaker boxes @Il change color from red to green to signify the opening.  To close a line, click the left mouse button on one of the green circuit breaker boxes in a line.  In general, if a line is lightly loaded, it may be opened vàthout serious conséquence.  For example, opening the line from 7 - 1 0 does not normally cause a problem.  However, opening the line from 8 - 1 1 creates an isolated bus 1 1. The simulation va'Il deenergize all buses which are isolated from the system.  Thus while this isolation does not create serious problems for the remainder of the system, it does result in the loss of a generator and unserved load.  Opening the line from 4 - 6 normally causes an overload on the line from 6 7. If this overload is allowed to persist, the simulation wili give a message about automatic protection.  In some cases, attempts to reclose this line after opening will result in an entire system blackout.







A.4.5 Manuai opération of generators



In the default setting, alt generators are on Economic Dispatch (ED) through Automatic Generation Control (AGC).  There are several ways to invoke manual control of generation.  The first way is to take individuel generators off of AGC one at a time.  To do this, double click on the rotor of the generator whieh you would like to set on manual.  This vàll can up the generator submenu.  Select Information Dialog.  This vàll produce the "Generator Options" window.  Clicking off the "Avallable for AGC" box @Il put the generator on manual controi.  Note that the simulation pauses while you are making this change.  Click OK to continue the simulation.  When the simulation returns, notice that the generator which is on manual control has constant MW output.  To change the output, click on the MW output nuinber.  Holding the left mouse button down @Il continuously increase the output power.  Holding the right mouse button down will continuously decrease the output power.  For example, if you have placed the bus 1 generator on manual, increasing its output W'll cause the outputs of the other two generators to decrease.  If two of the three generators are placed on manual control (buses 1 and 5), only the generator at bus 1 1 ffl'll cycle with the load.  If you increase the output of the generators at 1 and 5 too much, the generator at bus 1 1 vàll hit its lower limit.  In this case there are no cycling generators in Area 1. In order to satisfy the changing load, the power will be supplied (or absorbed) by the generators in Areas 2 and 3 even though there are no scheduled interchanges.  This can be observed by clicking on "Options" and then "Area Information Display".  With this situation, there vàll be an Area Control Error (ACE) and inadvertent interchange even though the scheduled interchange is zero.  ACE can also be monitored by clicking on "Options" and then "Show ACE Chart".
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See the ACE Chart section for details on changing the scaling of the left (y) axis on the ACE chart.  An interesting challenge is to place all three Area 1 generators on manual control and then attempt to maintain zero ACE.  You vàll have to manually raise or lower generation as the load changes in an attempt to maintain zero ACE.  This manual opération should lead to more expansive total simulation cost over one day.







Another way to invoke manual control of the generators is to click on "Options",and then "Simulation Options".  This ffl'ndow two Area Control Options.  The default Economic dispatch control should be on.  Clicking on "No Area Control" @Il put all generators on manual control.







A.4.6 Adjusting transformer taps



One of the transformera in this system is available for load-tap-changing (LTC) opération.  It is connected between buses 7 and 8. The tap setting may be changed at any time by placing the cursor on the tap value and clicking the mouse.  Clicking the left button ffl'll raise the setting one nominal tap value and clicking the right button ffl'll lower -the setting one nominal tap value.  This LTC will priman'ly affect the voltage of bus 7 and the reactive power flows in the system (note that as you change the taps the line loading ffl'll vary -- this is because certain tap settings can cause "circulating vars" which causes the lisses to get loaded %"'th mostly reactive power).  Realistic LTC transformera have limits on tap ratios from 0.9 to 1. 1.







A.4.7 Invoking unexpected events



The normal simulation run ffl'll not include any outages other than those caused by overloads.  To allow unexpected events to occur at random, click on "Options" and then "Simulation Options".  Changing the Unexpected events option from "Never" to either "Occasionally" or "Often" wili introduce unexpected things to occur during the simulation.  Your challenge is to respond to these outages with some @ of control (line switching, generation shift, tap change etc.) to avoid a blackout.







A.4.8 To monitor detailed network information



To monitor system line flows and bus voltages, click on "Advanced" and "System Power Flow List Display".  This ffl'ndow contains all continuously changing network voltages, currents, and line power flows.







A.5 Customized Cases







The POWERWORLD simulation is a general purpose power system analysis program.  It is rather straightforward to develop new simulation cases for practically any sized system (the program itself can solve large cases, but this gets to be somewhat impractical to display).  This can be done using the companion POWERWORLD Builder program (described in Appendix C).  Thank you for your interest in POWERWORLD, and we hope it is both informative and enjoyable.
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Appendix B - Interaction wîth Other Programs



A key aspect to the versatility of the POWERWORLD program is its ability to dynamically interact with other programs ("agents") using the RAPTOR (Rapid Application Prototyping for Team Oriented Research) convention.  The RAPTOR convention was developed to permit agents operating on différent types of computers to dynamically interact using text files.  To comply M'th this convention, each time step during the simulation POWERWORLD can both read commands from an înput text file and write data to an output text file.  Currently the input file must have the same pathname as the PowERWORLD case file, except its suffix is '*.inu'. Similarly the output file has the







Each timestep POWERWORLD first checks to see if an input file exists.  If the input fil exists and it can be successfully opened, POWERWORLD reads the input commands These commands are then placed in the main POWERWORLD scripting list and exécute at the proper time.  The input file is then deleted.  If the file does hot exist, or it can not b opened (usually because it is being used by another agent) the simulation continues a usual.  Likewise, at the conclusion of the tiMeStep POWFRWORLD writes any requeste system information into the output file.  If this file does not exist it is created, If the fil can be opened successfully, the requested information is appended to the output file; th only time POWERWORLD deletes this file is at the beginning of a case.  If the output fil can not be apened (again usually because the file is being used by another agent) th simulation continues as usual, attempting to again output the data at the end of the nex







The input file lines are fred format (with rare exception) with the fields occurring in t







Agent ID-     This integer field is intended to identify the requesting agent.  T







Time:	Simulation time at whieh the input event should be executed.  T format of this field is hh:mm:ss where hh is simulation hours, mm simulation minutes and ss is simulation seconds.  The seconds field c include fractional seconds or it can be excluded.  Events are execut as soon as possible at or after the simulation has reached the specifi time.  Therefore to execute an event as soon as possible specify t time as less than the current simulation time (such as 00:00:00).







Event Class: The class event is the general category of the event, being specified

a case independent character string.  Since the fields follovàng event class are event class dépendent, they are described under corresponding event class type.  The following event classes are v







AREA	Used to specify events that affect a particular operating area.  The next field is the area number (from 1 to 1 00).  Follow'ng the area number is the case independent action field.  Valid actions are:







AGC	The next integer field spécifies the area AGC status: 1 used to place the area on automatic generation control, 0 used to take the area off of automatic generation control.







BRANCH	Used to specify events that affect a particular transmission line or transformer (i.e., a branch).  The next three fields specify the "from bus" number, the "to bus" number and the circuit identifier (from 1 to 99).  Following the circuit identifier is the case independent action field.  Valid actions are:



CLOSE	Close the branch's circuit breakers, energizing the device (providing at least one of the terminal buses is already energized)



INIPEDANCE	Sets the résistance and reactance of the branch (all values are per unit).

OPEN	Open the branch's circuit breakers, deenergizing the device.



RATING	Sets the first (or only) MVA rating for the branch.







SUSCEPTANCE          Specifies the total charging susceptance (in per

unit).



TAPRATIO	Specifies a new value for the off-nominal turns ratio.  Folloffl'ng IEEE common format convention, taps are assumed to be atthe"frombus".  Thenextfieldspecifies the tap position.



TAPANGLE	Specifies a new value for the phase shift angle (specified in degrees).  Following IEEE common format convention, taps are assumed to be at the "from bus".  The next field

if



spec ies the tap position.







CAP	Used to specify events that affect a capacitor at a particular bus.  The next field is the bus number (from 1 to 99999) to which the

1



capacitor is connected.  Following the bus number 's the case independent action field.  Valid actions are:



CLOSE	Close the device's circuit breaker, energizing the device (provided the bus is already energized).



MVRBASE	Used to specify a new value for the capacitor's nominal Mvar injection (assuming 1.0 per unit terminal voltage).  The next field spécifies the new value of the capacitance (in Mvar).



OPEN	Open the device's circuit breaker deenergizing the device.
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GEN	Used to specify events that affect a generator at a particular bus, The next field is the bus number (from 1 to 99999) to which the generator is connected.  Immediately following the bus number the next field is a single character machine identifier (O through 9 or A through Z).  In this version of POWERWORLD this identifier should always be 1. Following is the case independent action field.  Valid

actions are:                                           1







AGC	The next integer field specifies the generator's automatic generation control (AGC) status: 1 - used to place the generator on AGC, 0 - used to take thegeneratoroffof AGC.



AVR	The next integer f-ield specifiesthegenerator'sautomatic voltage regulation (AVR) status- 1 - used to place the generator on AVR control, 0 -usedtotakethegenerator off of AVR control.



CLOSE	Close the device's circuit breaker, energizing the device (provided the bus is already energized).

COSTNIODELI	POWERWORLD uses the following cost formula (for generator i)



Ci(pgi) = ai -4- bi P g, + C, (pg,)2 @ di (pg,)3 $/hr







MVR







NIVRDELTA







MVRLIMITS



MW





MWDELTA







This field spécifies the parameters ai, bi, ci, and di.



Specifies the reactive power output of the generator in Mvar.  This value can only be specified when the generator is off of AVR control, and is restn'cted to be between the minimum and maximum reactive power limits



Change the generator's reactive power output by the amount specified in the next field (in Mvar).  This action only has an affect when the generator is off of AVR control.



Specifies new minimum and maximum reactive power limits (in Mvar).



Specifies the real power output of the generator in MW.  This value is restricted to be between the minimum and maximum real power limits



Change the generator's real power output by the

If amount spec -ied in the next field (in MW).  Th' ls

action always takes the generator off of Area AGC







control.



MWLIMITS	Specifies new minimum and maximum real power limits (in MW).



OPEN          Open the device's circuit breaker deenergizing the device.
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LOAD	Used to specify events that affect the load at a particular bus.  The next field is the bus number (from 1 to 99999) to which the load is connected.  Following the bus number is the case independent action field.  Valid actions are:







CLOSE	Close the device's circuit breaker, energizing the device (provided the bus is already energized).



MVR	Specifies a new reactive power load.  The ba@e reactive power load is then set equal to this new value divided by the load multiplier for the area.



MVRBASE	Specifies a new base reactive power load. l'he actuai reactive power load is then equal to the base value times the load multiplier for the area.



MW	Specifies a new real power load.  The base real power load is then set equal to this new value divided by the load multiplier for the area.



MWBASE	Specifies a new base real power Idad.  The actual reactive power Joad is then equal to the base value times the load multiplier for the area.



OPEN	Open the device's circuit breaker deenergizing the device.







SIMTJLATION







Used to specify events that affect the POWERWORLD simulation.  Following the event class field is the case independent action field.  Valid actions are:







ANIMATEDFLOWS    Specifies whether the flow of real power

should be "animated" on the oneline display; 1 - show animated flows, 0 - do not show a@mated flows.







ANNOTATE	Writes some text at a particular location on the computer's screen for a particular amount of time.  The next fields are the number of lines of text to display (always 1 in the current version), the amount of time in simulation minutes to display the text, the fontsize of the text, the location on the sereen to display the text (given in percentage of the screen width and percentage of the screen height, measured from the upper left-hand comer), and in single quotes the text to display.







BEEP	Cause the computer's speaker to "beep" once.



CONTINUE	Continues a paused simulation.  The continue command is always immediately executed (since simulation time does not advance in a paused simulation), and therefore should only be used in the *.Inu file (l.e., not in the script file).



ENFORCEGENRAMPLIMITS Specifies whether generator ramp

MW ramp rate limits should be







IR



enfoirced, 1 - enforce limits, 0 - d

1



not enforce lim'ts,

1



ONELINEDETAIL SPec'fies the amount of information shown on th







1     Il



one-line display; 0 corresponds to -M-nitnai , 1

corresponds to "Moderate" while 2











corresponds to "Moderate", while 2 corresponds

"Complete".



1      1             1



Pauses the s'mulat'on for the spec'fied nurnber of secon

For an indefinite pause, s ci the number







um r o secon For an indefinite pause, specify the number of seconds a négative number.  An indefinite pause can be continued using either the continue command (in the *.inu file) selecting Continue from the Simulation Controi menu. SPELD The next field determines the speed of the simulati relative to real-time.



UNEXPECTEDEVENTS Specifies the frequency of unexpect



events; 0 corresponds to "Never", corresponds to "Occasionally", while corresponds to "Often",

VOLI'P(J	Display the voltages on the one-line in per unit.



VOLTKV	Display the voltages on the one-line using actual kV.



TRANSACTION	Used to specify real power transactions between contr areas.  The next two fields specify the buying and sellin areas respectively.  Following is the case independe action field.  Valid actions are:



CANCEL	Cancels a transaction between the two areas.  In order t



1	uniquely identify the transact on to cancel, the next field must specify the original ending tirne for the transactio



1     teld), the MW amoun

(using the same folinat as the t'me f'    1                If



of the transaction, and the price ('n $/MWH).







transaction with those parameters docs not ex command is ignored.



NIWFIRM	Sets up a "firm" transaction between the two are next fields specify theendingtimeforthetransacti MW amount of the transaction, and the price (in $



MWNONFIRM     Sets up a "nonfirm" transaction between

areas.  The next fields specify the ending time
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price (in $/MWH).

TRANSFORMER The transformer class has the same format and





the branch class.  Transformers also have the additionai actions:



AVR           The next integer field specifies the LTC tran







place the transformer on AVR controt, 0 - used to take the transformer off of AVIR control.



AWR            The next     integer field spécifies the phase shifting

transformer's automatic watt regulation (AWR) control status (so that the MW flow through the phase shifter is controlled):l - used to place the transformer on AWR control, 0 - used to take the transformer off of AWR control.







MWLIMITS







PHASESTEP

PHASELIMITS

RATIOSTEP

RATIOLINIITS







REGBUS







VOLTLIMITS







Specifies the minimum and maximum limits for the 1



reai power flow through the phase sh'fter (in MW) at the regulated bus.



Phase shifter transformer step increment (in degrees).



Specifies the minimum and maximum phase shift angles (in degrees).



LTC transformer turns ratio step increment.



Specifies the minimum and maximum off-nominal tap ratios for L'FC transfortners.



Specifies the number of the regulated bus for either an LTC transformer or a phase shifting transformer.  For a phase shifter the regulated bus must be one of the transformer terminal buses.



Specifies the minimum and maximum voltage limits at the regulated bus for an LTC transformer.







WINDOW	Used to specify events that affect the windows shown on the screen.  The next field is the case independent window name, In POWERWORLD the following are valid window names:



ACE	Ace chart



AREA	Area Transactions/Information Display



AREAINFO	Area Information Dialog



AVGMWHCOST	Average Cost per MWII chart

LOADGEN Load and Generation chart



ONELINE One-line diagram window.



SCIIEDTRANS Scheduled Transactions chart

SYSFREQ  System Frequency chart







Folio@ng ihe ffl'ndow name is the ID field for the window.  For all windows, except AREA, ONELINE and SYSFREQ, the ID is the area number; for ONELINE the ID field should be the name of the display file (e.g., B2.PWD), for AREA and SYSFREQ the ID should be zero (its value is currently ignored).
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The size of the windows and their position on the screen is always

If'                                   1



spec ied as a percentage of the screen s'ze.  This permits use on displays with different résolutions.  Following the ID field is the case independent action field.







CLOSE



MAXIMIZE

MINIMIZE

NIOVE







Closes the %"'ndow



Maximizes the window so it fills the entire screen,

Reduces the window to an icon,

1            1



Moves the w'ndow.  Spec'fy the percentage left and top of

the upper left-hand corner of the window.







OPEN	Opens a new window.  Specify the percentage left and top of the upper left-hand comer of the window, and the percentage width and height of the window.



RESIZE	Resizes the window.  Specify the new percentage %"'dth and height of the %"'ndow.



RESTORE	Restores a window to its former size after elther a maximize or a minimize.







For graph/strlpchart windows the following additional actions are

also valid.







XAXISSCALE







Changes the scaling      used on the x-axis of

1     1



graph/stripchart @ndows.  For graph'cal w'ndows specify the new minimum x value, maximum x value and the number of intervals shown on the xaxis.  For stip chart @ndows (such as ACE, AVGMWHCOSI', LOADGEN, SCHEDTRANS and SYSFREQ) specify the number of minutes shown on the x-axis, another number (which is ignored) and the number of intervals shown on the x-axis.







YAXISSCALE	Changes the scaling used on the y-axis of graph/strlpchart windows.  Specify the new minimum y value, maximum y value and the number of intervals shown on the y-axis.
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I,,'xamples:	WINDOW ACE 2 OPEN 50 50 40 30



creates an ACE window showing information for area number 2, where the upper left-hand comer of the window is in the middle of the screen, with a width equal to 40% of the screen size and a height equal to 30% of the screen size.







WIN DOW ACE 2 YAXISSCALE -20 20 4                     1



changes the scaling of the y-axis for the ACE window showing information for area number 2, with a new minimum of -20 MW, a maximum of 20 MW, and 4 intervals (-20, -1 0, 0, 1 0 and 20 MW).







WRAREA	Used to specify events that write information about an operating area to the output file.  The next field is the area number (from 1 to 1 00).  Following the area number is the case independent action field.







ACE	Writes the area's ACE in MW.

	1	1

FLOW	Wr'tes the net MW and Mvar flow	('nterchange) out of the

	area.



GEN	Writes the net MW and Mvar generation for the area.



LOAD	Writes the net MW and Mvar load for the area



LOSSES	Writes the net MW and Mvar losses for the area.







WRBRANCH







NCH	Used to specify events that write information about a particular transmission line or transformer (j.e., a branch), The next three fields specify the "near bus" number, the "far bus" number and the circuit identifier (from 1 to 99).  All flow values are assumed to be at the "near bus" end of the line.  Following the circuit identifier is the case independent action field.  Valid actions are:



AMP	Writes the current magnitude in amps at the near bus end of the branch.







IMPEDANCE	Writes the per unit résistance and reactance of the branch.







MVR	Writes the reactive power flow in Mvar out of the branch at the near bus end.



MW	Writes the real power flow in MW out of the branch at the near,bus end.







RATING	Writes the first (or only) rating of the line in MVA.



STATUS	Writes the status of the line circuit breakers: 1 - breakers are closed, 0 - breakers are open.







SUSCEPTANCE          Writes the total per unit charging susceptance of the

branch.
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TAPRATIO	Writes the off-nominal tums ratio.  Following IEEE common format convention, tapsareassumedtobeatthe "from bus".  The next field spécifies the tap position.



TAPANGLE	Writes the phase shift angle (specified in degrees).  Following IEEE common format convention, taps are assumed to be at the "from bus".  The next field specifies

the tap position.                          1







WRBUS	Used to specify events that write information about a bus to the output file.  The next field is the bus number.  Following the bùs number is the case independent action field.



STATUS	Writes the status for the bus: 1 - bus is energized, 0 - bus is not enetgized (l.e., dead).

VOLTKV	Writes the bus voltage magnitude in kV.



VOLTPTJ	Writes the per unit bus voltage magnitude.



VOLTRAD	Writes the bus voltage angle (in radians).



WRCAP	Used to specify events that write information about a capacitor to the output file.  The next field is the bus number.  Follo@ng the bus number is the case independent action field.







MVR



MVRBASE





STATUS







Writes the actual reactive power output of the capacitor in Mvar.



Writes the base (nominal) Mvar value for the capac' itor (i.e., reactive power output assuming 1.0 per unit terminal voltage).



Writes the status for the capacitor's circuit breaker: 1 breaker is closed, 0 - breaker is open.







WRCASE         Used to specify events that write information about the entire case.







IEEE	Writes the case power flow data into the specified file (you must give the complets pathname) using the IEEE common format.



PFLIST	Writes a listing of all the power flow into ali the buses in the system.  The forrnat of this file is similar to the file used in the POWERWORLD System Power Flow List.



PTI	Writes the case power flow data into the specified file (you must give the complete pathname) using the PTI PSS/E forrriat.



WRGEN	Used to specify events that write information about a bus to the output file.  The next field is the bus number, followed by the single character generator ID (currently always 'l').  Then comes the case independent action field.
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AUR           Writes the AU[? status.







C'OSTMODELI







MVR



MVRLIMITS







NIW



MWLIMITS







STATUS







POWERWORLD uses the following cost formula (for

generator i)







Ci(Pg,) = a@. + b, pg, + C, (pg,)2 + di (Pgi)' $/hr



This field writes the pararneters ai, bi, ci, and di.

Writes the reactive power output in Mvar.



Writes the minimum and maximum reactive power limits (in Mvar).



Writes the real power output in MW



Writes the minimum and maximum real power limits (in MW).



Writes the status for the generator's circuit breaker: 1 breaker is closed, 0 - breaker is open.







WRLOAD	Used to specify events that write information about a load to the output file, The next field is the bus number.  Following the bus number is the case independent action field.







MVR



MVRBASE







NIW



MWBASE







STATUS







Writes the reactive power load in Mvar.



Writes the base reactive power load in Mvar.  The actual reactive power load is then equal to the base value times the load multiplier for the area.



Writes the real power load in MW.



Writes the base reai power load in MW.  The actual reactive power load is then equal to the base value times the load multiplier for the area.



Wn'tes the status for the load's circuit breaker: 1 - breaker is closed, 0 - breaker is open.



Appendix C - Builder Program User's Guide







C.1.	introduction



I

The Builder proi,,ram has been developedtocreateand/ormodifythecasefilesusedin

the POWERWORLD simulation program.        To run Builder you will need an IBM

compati                                  with a math coprocessor (a 486 '

recommended for acceptable performance).  The computer must have at least

the following:



'ble PC with at leasta386processor '                            is strongly







a.	Microsoft Windows 3.1

b.	VGA or higher resolution video card

c. a mouse







In this manual, the necessary computer commands and Windows selections will be shown in bold.  Unless noted otherwise, click denotes pressing the left mouse button, while double click refers to pressing the left mouse button twice in rapid succession.  To



select a window item, place the cursor at the desired location and click the left mouse button.







C.2. Installation



Builder is provided on a 3.5" floppy d'sk w'th the POWERWORLDprogram.  Bu'lder should be installed at the same time as the rest of the package.  To create a Windows

'ly	run Builder, first start Windows.  Then open the W'ndows



program icon to easi

program group into which you would like to place the icon.  Next, from the Program Manager menu select FILE followed by NEW and then select OK to create anew program item (icon).  For the Description field type POWERWORLD Builder Program.  For the Command Line field you need to enter the full pathname of the program.  If you placed the files in the directory C:\PW, type C:\PWBUILDER.EXE. For the Working Directory field enter the default directory where you want Builder to place any files you create (the program allows you to place files in other directories also).  For example if you placed the file in the directory C:\PW, type C:\PW.  Then click on OK.  The 'con for the program should appear.  You can now run the program by double clicking on the icon.







C.3. General Program Opipration



The Builder program is used to create and/or modify the cases used by the POWERWORLD program.  The POWERWORLD cases describe the operation of a power system over a specified period of time.  Each case requires two types of files.  The *.pwc file is an ASCII file that contains the power flow model for the case (based upon the IEEE
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common data format), along with additional information.  The *.pwd file is a non-ASCII file that contains a description of the one-line diagram for the case.  Note that the *.PWD file does not necessarily have the same file name as the *.PWC file (see Main One-Line File entry on page 58) and that a case may have more than one one-line diagram.







Builder allows the user to create a case by graphically placing devices on a one-line diagram.  The most important device is a bus.  All other devices either connect radially to the bus (such as capacitors, loads and generators), or join two buses together (such as transmission lines and transformers).  Additional objects can be placed on the one-line to show various system values, to insert descriptive text, and to draw a static background.  Builder is also used to setup the Area Display.  The Area Display is used in POWERWORLD to summarize and setup transactions between different operating areas.







The next several sections of this user's guide describe the key aspects of the program.

C.4. File and Edit Menus                                          -

I

The ' File and Edit menus provide commands for general man'pulation of the case.  This section describes the commands found in these menus.  The following commands are aval 'lable on the File menu:







New Case



Creates a new case. ]'he user is given the option to save an existing case before the new case is created.  Upon starting Builder, practically all menu selections are unavailable 'I either you create a new ibase or open an ex'sting case.



untl                                            I







New Display



I



Cre 'ates a new oneline (*.pwd) file but does not change the case.  The user's given the

option of saving the existing oneline file.







Open Case



Opens an existing case.  Upon starting Builder, practically all menu selections are unavailable until either you create a new case or open an existing case.  To Open a case, select a *.pwc file from the file dialog box (where * refers to the case name).  The associated *.pwd file must be in the same directory.  If a *.pwd file is not found, a blank one-line diagram is created.







You can also initialize a new case from an existing IEEE common format power flow file (a *.cf file) . This is done by selecting a *.cf file from the file dialog box.  A blank onediagram is then created for the case.  You can then use Builder to create one or more oneline diagrams for this power flow system, each showing a portion of the system, or the complete system.
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We have tried to make Builder recognize the standard IEEE common format.  However some minor modifications have been necessary.  For example, standard common format only allows bus numbers between I and 9999.  However many systems now have bus numbers with five digits.  In reading a bus record, Builder reads the first bus number as a long integer, then reads a blank character, then reads a fixed 8 characters as the bus name field.  The remaining fields are read in free format, with the requirement that each field be present.  All subsequent record types are also read in free format, again requiring that each field be present.  Please examine the first portion of a *.pwc file to see the specific forrnat used by Builder in reading common format files.







Open Display



Opens a oneline (*.pwd) file but does not change the case.  This allows you to create

multiple oneline files for a single case.







Validate Case



Validates the case, which involves checking for case errors that - would prevent the case from working correctly In POWERWORLD.  Validate automatically creates a log window (in the lower-right portion of the screen), which shows any errors present in the case.  Only cases with no errors can be saved.







Save



Saves the case in the *.pwc and *.pwd files using the existing case name.  Validate

(called automatically before a case is saved) must have no errors in order to save a case.







Save as



Allows you to select a new name for the case.  You may overwrite existing cases.  Validate (called automatically before a case is saved) must have no errors in order to save a case.







Save Display

Saves the current oneline file, but does not save the case.

Save Display as

Allows you to select a new name for the oneline file.  You may overwrite existing files,

Print

Prints a copy of the one-line diagram window on the Windows printer.

Exit
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Exits the program.  Be sure to save your case before selecting exit.







The following commands are available on the Edit menu:



Cut

I



Deletes the currently selected object from the one-line diagram.  To delete an object from the one-line, first place the cursor on the object and then click with the left mouse button.  Then select the Cut command from the Edit menu.







C.5. New Objects Menu



The New Objects menu contains the key selections for creating or modifying the one-line diagram, and hence the associated case.  For sizing the devices, the entire one-line is assumed to be I 00.0 by I 00.0 in size.  These commands are only available after you have selected either the New Case command or have opened an existing case.







The only way builder permits you to modify the power flow portion of the case is with the one-line diagram.  Therefore each device on the one-line will correspond to a device in the power flow model for the system. flowever if you are starting from an existing IEEE common format case (I.e., a *.cf case), you do not need to add a device on the oneline for each bus/line in your case.  You need only add devices for those portions of the system you would like to show.  The remainder of the power flow model is still included in the case.







To move an existing device, first select the device, and then continue to hold down the

left mouse button to drag the device to its new position.







The menu contains the following commands:



New Bus



To add a new bus to the case, place the cursor where you would like the bus to be and click with the left mouse button.  Then select the New Bus command from the New Objects menu.  This calls up the Bus Options dialog box.  EnicT a unique number greater than zero for the bus, a name for the bus (by default the name of the bus will be its number), the size of the bus, the width of the bus in pixels, its orientation, its nominal voltage level, its area number (must be > 0), and whether or not the bus is the system slack.  Every system must have one (and only one) slack bus.  Select OK to add the bus to the case.  If you do not want to'add the bus to the case, select Cancel.







If you are adding a bus for an existing IEEE common format case, the nominal voltage

level and area number will be automatically set after you select OK.
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To modify the parameters for an existing bus, position the cursor on the bus and double click with the left button.  This again brings up the Bus Options Dialog box.  Change any of the parameters.  When a bus's number is changed, the bus numbers associated with all of the devices attached to that bus are also automatically changed.







I'o delete an exiting bus, use the Edit, Cut command.  Be careful in deleting existing

buses with attached devices.  An error will occur in Validate if you do not then e'ther



I

delete these devices or attach them to other buses.







New Capacitor



'I'o add a new capacitor to the case, place the cursor on the bus where you would like to attach the capacitor, and then click with the left mouse button.  Then select the New Capacitor command from the New Objects menu.  This calls up the Capacitor Options dialog box.  The bus number is automatically determined from the bus to which you attached the capacitor.  Enter the size, the thickness of the lines [in pixels] used to display the device, orientation and nominal Mvar value associated math the capacitor.  Each capacitor automatically contains a switch for connecting or disconnecting the device in POWERWORLD.  Select OK to add the capacitor.  If you do not want to add the capacitor to the case, select Cancel.







To modify the parameters for an existing capacitor, position the cursor on the capacitor

and double click with the left button.  This again brings up the Capacitor Opt'ons d'alog



I    I

box.  Change any parameters (be careful in renumbering an existing capacitor).







To delete an exiting capacitor', use the Edit, Cut command.







New Load



To add a new load to the case, place the cursor on the bus where you would like to attach the load, and then click with the left mouse button.  Then select the New Load command from the New Objects menu.  This calls up the Load Options dialog box.  The bus number is automatically determined from the bus to which you attached the load.  Enter the size, the thickness of the lines [in pixels] used to display the device, orientation and base MW and Mvar load values for the device.  Each load automatically contains a switch for connecting or disconnecting the device In POWERWORLD.  Select OK to add the load.  If you do not want to add the load to the case, select Cancel.







At most only one load should be connected to a bus.



To modify the parameters for an existing load, position the cursor on the load and double click with the left button.  This again brings up the Load Options dialog box.  Change any parameters (be careful in renumbering an existing load).







To delete an exiting load, use the Edit, Cut command.







49



New Generator



To add a new generator to the case, place the cursor on the bus where you would like to attach the generator, and then click with the left mouse button.  Then select the New Generator command from the New Objects menu.  This calls up the Generator Options dialog box.  The bus number is automatically determined from the bus to which you attached the generator.  Enter the size, the thickness of the lines [In pixels] used to display the device, orientation and other parameters for the generator (see the POWERWORI,D tjser's Guide for a more detailed explanation of the parameters).  Each generator automatically contains a switch for connecting or disconnecting the device in POWERWORLD.  Select OK to add the generator.  If you do not want to add the generator to the case, select Cancel.







At most only one generator should be connected to a bus.



To modify the parameters for an existing generator, position the cursor on the generator and double click with the left button.  This again brings up the Generator Options dialog box.  Change any parameters (be careful in renumbering an existing generator).







To delete an existing generator, use the Edit, Cut command.





New Line



To add a new transmission line to the case, first select the New Line command from the New Objects menu.  Then place the cursor on the first bus for the transmission line (the "from" bus) and click the left mouse button.  Add more segments to the line by moving the cursor and clicking with the left mouse button.  To end adding a new line, place the cursor on the second bus for the line (the "to" bus) and double click with the left mouse button.  This calls up the Transmission Line Options dialog box.  The "from" and "to" bus numbers are set automatically provided the line starts and ends on existing buses (for animated line flows to work correctly In POWERWORLD, the line must begin and end on existing buses).  If there is Just one line between the buses, the circuit number should be "1".  For multiple lines between buses, you must give each a unique circuit number.  Enter the thickness of the lines [In pixels] used to display the transmission fine.  Enter the per unit (100 MVA base) resistance, reactance, total charging capacitance (that is Y not Y/2) for the line, and an MVA rating.  Select OK to add the line.  If you do not want to add the line to the case, select Cancel.







To modify the parameters for an existing line, position the cursor anywhere on the line and double click with the left button.  This again brings up the Transmission I,ine options dialog box.  Change any parameters (be careful 'n renumbering an ex'sting I'ne).



I                    I



I







To delete an existing line, use the Edit, Cut command.
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New Transformer



To add a new transformer to the case, place the cursor on the first bus for the transformer (the "from" bus) and click the left mouse button.  Then select the New Transformer command from the New Objects menu.  This calls up the Transformer Options dialog box.  Enter the "frorn" and "to" bus numbers for the transformer.  If there is just one transformer between the buses, the circuit number should be "1".  For multiple transformers between buses, you must give each a unique circuit number.  Enter the thickness of the lines [In pixels] used to display the transformer.  Enter the per unit (1 00 MVA base) resistance, reactance and charging capacitance for the transformer, and an MVA rating.  Enter the off-nominal tap ratio and the phase shift angle (in degrees) (for a transformer without tap or phase control the off-nominal tap should be 1.0 and the phase shift angle should be 0 degrees).







Select the Automatic Control Option.  If the transformer does not have tap control, select



I



"No Automatic Control" (this Is the default).  Select "AVR" (Automat'c Voltage Regulation) if the transformer changes its tap ratio to control the voltage at a bus, or "Phase Shift Control" if the transformer changes its phase shift to control the MW flow through the transformer.  If you selected either of the last two options, selected the Automatic Control Options button to set the parameters associated with the automatic control.







For AVR control enter the number of the bus whose voltage is to be controlled, the allowable range for the controlled voltage (in per unit), the minimum and maximum tap ratios (typical values are 0.9 and 1. 1) and the step size for the discrete changes in the tap ratio (typical value is 0.00625).







For phase shift control the MW flow through the transformer is the controlled value, Enter the bus number of the tenninal whose flow is controlled, the allowable range for the controlled flow (positive flow is assumed to be into the transformer at the terminal entered in the previous field), the minimum and maximum phase angles (typical values are -30' and 30') and the step size in degrees (typical values are between I ' and 2').







Select OK to save the values and return to the I'ransformer Options dialog; otherwise

select Cancel.







If you would like the transformer to be initially modeled as being on automatic control at

the start of the POWERWORLD case, select the Automatic Control Active checkbox (this

I                            I

value can be changed dur'ng the POWERWORLD simulation).







If you do not want to add the transformer to the case, select Cancel.





To modify the parameters for an existing transformer, position the cursor anywhere on the device and double click with the left button.  This again brings up the Transformer Options dialog box.  Change any parameters (be careful in renumberin an existing 9 -



transformer).







5 1



'Fo delete an existing transformer, use the Edit, Cut command







New Circuit Breaker



I



Circuit breakers are used to open or close transm'ssion I'nes and transformers.  Closed circuit breakers are shown by a solid red square, while open circuit breakers are shown by an unfilled green square.  To enter a new circuit breaker, place the cursor anywhere on the line or transformer you would like to control and click the left mouse button.  Then select the New Circuit Breaker from the New Objects menu.  This calls up the Circuit Breaker Options dialog box.  The from and to bus numbers, and the circuit number are set automatically if the circuit breaker is initially positioned on an existing transmission fine.  Enter the size for the switch.







To modify the parameters for an existing switch, position the cursor anywhere on the device and double click va'th the left button.  This again brings up the Switch Options dialog box.  Change any parameter.







To delete an existing switch, use the Edit, Cut command.



In POWERWORLD a circuit breaker directly controls the status of the associated 1' lane or transformer.  Therefore to open a line you do not have to place and open circuit breakers at both ends of the line (as would be the case in real life).  However it is often convenient to place circuit breakers at both ends of a line.







New Bus Analog



Bus analog objects are used to show different values associated with bus devices, and for some types of bus analogs, to allow the user to change the value.  To enter a new bus analog, place the cursor by (but usually not on) the device that you would like to show the value of Then select the New Bus Analog from the New Objects menu.  This calls up the Bus Analog Options dialog box.  Enter the bus number associated with the device (the default is the closest bus to the analog), the total number of digits to show on the screen and the number of digits to the right of the decimal point.  Then select the type of value to show.  To show load/capacitor/generator values, the correspond device must, of course, be attached to the bus.  Finally choose the color (black by default).  The Setpoint Generator MW type should only be selected for cases in which the uniform frequency option will be selected.  See the POWERWOPLD User's Guide (System Frequency Modeling Section).  For the generator MW and Setpoint MW types only, fill in the number of MW to change the output of the generator by each time the user clicks the left mouse button (clicking the right button will subtract this value from the MW output).







To modify the parameters of an existing bus analog, position the cursor anywhere on the object and double click with the left button.  This again brings up the Bus Analog Options dialog box.
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To delete an existing bus analog, use the Edit.  Cut command.







New Line Analog



Line analog objects are used to show MW and Mvar flow values associated'w'ith lines and transformers.  To enter a new fine analog, place the cursor by (but usually not on) the device that you would like to show the value of Then select New Line Analog from the New Objects menu.  This calls up the Line Analog Options dialog box.  Enter the near and far bus number associated with the device, and the circuit number of the device.  The default values for these fields are those for the closest line end to the analog.  The analog will display the flow value at the near end of the device.  Enter the total number of digits to show on the screen and the number of dig'ts to the right of the decimal point.  Select either MW or Mvar to show the real or reacti've power flowing into either the transmission line or the transformer.  Finally choose the color (black by default).







To modify the parameters of an existing line analog, position the cursor anywhere on the



object and double click with the left button.  This again brings up the Line Analog

Options dialog box.







To delete an existing fine analog, use the Edit, Cut command.





New Transformer Analog



Transformer analog objects 'are used to show and control the off-nominal tap ratios and phase shift angles for transformers.  To enter a new transformer analog, place the cursor by (but not on) the transformer whose off-nominal tap ratio or phase shift angle you would like to show and possibly control.  Then select New Transformer Analog from the New Objects menu.  This calls up the Transformer Analog Options dialog box.  Enter the from and to bus number associated with the device, and the circuit number of the device.  Enter the total # of digits to show on the screen and the number of digits to



the right of the decimal point.  In the Type Options box, select either off-nominal tap ratio to show the off-nominal tap ratio, the off-nominal tap position to show the step position of the tap, or the phase shift angle (in degrees).  Finally, choose the color (black by default).







To modify the parameters of an, existing transformer analog, position the cursor

anywhere on the object and double click with the left button.  This again brings up the



I     I



Transformer Analog Opt'ons d'alog box.







To delete an existing transformer analog, use the Edit, Cut command.
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New Line Flow Pie Chart



The line flow pie charts are used to graphically show the percentage MVA loading of a transmission line or a transformer.  The amount of blue in the pie charts shows how close the device is to its limit (provided the device has a nonzero limit).  If the device is loaded



beyond I 00%, the ple's color changes to red and will numerically show the percentage loading on the device.  I







To enter a new line flow pie chart, place the cursor by or on the transmission line or transformer that you would like to show the value of Then select New Line Flow Pie Chart from the New Objects menu.  This calls up the Line Flow Pie Chart Options dialog box.  Enter the near and far bus number associated with the device, and the circuit number of the device.  The analog M'11 display the flow value of the near end of the device.  Enter the size of the device.  Select OK to add the object.  If you do not want to add the object, select Cancel.







To modify the parameters of an existing line flow pie chart, position the cursor anywhere on the object and double click with the left button.  This again brings up the Line Flow Pie Chart Options dialog box.







To delete an existing line flow pie chart, use the Edit, Cut command.





New InterArea Flow



The interarea flows are used on the Area D'splay to show the actual and scheduled transactions between different operating areas.  To enter a new interarea flow object the Area Display must first be visible ( see the Options Menu section for details).  Then place the cursor near the appropriate inte:rarea tie line.  Then select the New InterArea Flow option from the New Objects menu.  This calls up the InterArea Options dialog box.  Enter the area numbers (not their names) of the two interconnected areas (the order does not matter), the total number of digits to show in the flow, the number of digits to the right of the decimal point, and the type of flow to show (either actual or scheduled).  Select OK to add the object.  If you do not want to add the object, select Cancel.







To modify the parameters of an existing interarea flow object, pos't'on the cursor

I I



anywhere on the object and double clickwiththeleftbutton.  Theagainbringsupthe

InterArea Options dialog box







To delete an existing interarea flow object, use the Edit, Cut command.





New Text



To enter descriptive text on the one-line, place the cursor where you would like to start the text.  Then select New Text from the New Objects menu.  This calls up the New Text Options dialog.  Enter the text.  The font of text is determined by the setting in the
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One-line Display Options dialog box (on the Options menu).  Select OK to add the text.

If you do not want to add the text, select cancel.







To modify an existing text, position the cursor anywhere on the text and double click

with the left button.  The again brings up the New Text Options dialog.







To delete existing text, use the Edit, Cut command.







New Background Line



This function allows you to draw static background lines of various colors and thickness on the one-line.  To add a new background line, first select New BackgroundLine from the New Objects menu.  Then position the cursor where you would like to start the line, and click with the left mouse button. holding down the left button allows you to do freehand drawings, while single clicking allows you to add straight line segments.  Double click with the left mouse button to end drawing. tjse the Options, Background Pen Options dialog box to change the color and thickness of the drawing pen.







To delete an existing background line first click somewhere on the line to select the fine (click on a portion of the line not overlapping another object).  Then use the Edit, Cut command.  Note, you can not "move" background lines.







New Oncline Link



This functions allows you to. setup links on the current oncline to other one-line displays.  To addanewone-linefink,firstpositionthecursoratthelocationwhereyouwouldlike the new link. ]'hen select New Oncline Link from the New Objects menu. ]'his calls up the Oneline Link Options dialog box.  Enter the file name of the one-line (e.g, ONELINE.PWD) and the text that should be shown for the link on the display.  Select Show Rectangle if you would like a rectangle to be drawn around this text.  Finally set the color (blue by default).







To modify the parameters of a one-line link, position the cursor anywhere on the object and double click with the left button.  This again brings up the Oneline Link Options dialog box.







To delete an existing one-line link, use the Edit, Cut command.



C.6. Options Menu



The Options menu provide choices for changing various options associated with the

program and the case.  The following commands are available on the Options menu:
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Builder Program Options



The Modificatl'ons Option field is currently not used.  The Save Options field determines the format used for saving a case.  Builder can be used for building either a one-line diagram and a POWERWORLD case, or a one-line diagram and a IEEE common data format file, or 'ust a one-line diagram.  For use M'th the POWERWORLD program, the first



i

choice should always be chosen.                                     I







Builder Display Grid Options



The display grid is an invisible network of lines that helps you align various objects on the one-line, To enable this option, cheek the Snap to Grid option.  The x Grid Resolution and y Grid Resolution fields determine the number of gridlines in the x and y directions.  The grid resolution is stored with the one-line display.







One-line Display Options



The One-line Display Options dialog box is used to change various parameters associated with the one-line itself.  These fields are automatically stored within the one-line display information.  This dialog box has the following fields:







Allow automatic font changes: Permits the size of fonts to change as the user resizes

the display.  Normally this option should be checked.







Oneline Display Font Hel'ght: Font height (in pixels) used on the one-line.  If the

I             I  I



d'splay resolution 's changed (e.g., from VGA resolution of 640 by 480 to 1024 by 768), the fontsize is changed proportionally so that the display has the same proportions.







Oneline Background Color	Changes the background color for the one-line diagram.  I'he Red, Green and Blue fields specify the intensity of the three colors (from 0 to 255).  As you change the colors, the color of the dialog panel changes to reflect the new color choice.  Note, you normally should only change the background color when you are using a display driver that supports high color mode (at least 64k different colors).







Use Bold Fonts on Oneline	If checked then bold fonts on used on the one-line diagram (default).  Bold fonts can be especially useful when using POWERWORLD for presentations.
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Area Display Font Height:	Font height (in pixels) used on the area display.  Again if the display resolution is changed, the fontsize is changed proportionally.







Select OK to change the options, or Cancel to cancel the changes.





Background Pen Options



This dialog allows you to change the color and size (in pixels) or the background pen.  All new background lines (but not transmission lines) are drawn using the new pen with the desired color and size.  Changing the pen does not change existing lines.







POWERWORLD Case Options



The POWERWORLD Case Options dialog allows you to change various default parameters associated with the *.pwc case.  Some of these options can also be saved (but not stored) when the POWERWORLD program is running.  The dialog box has the follovn'ng fields:







Starttime:	The starting time for the simulation, in seconds from midnight.



Endtime:	The ending time for the simulation, in seconds from midnight of the starttime day.







Simulation Speedup: The relative speedup of the simulation from real time.



Home Area Number: The number of the home area.  This is the area number of the

area the user is operating in POWERWORLD.  There must be at

least one bus in this area.







Automatic ED Control. 	Checked if the home area is initially on automatic economic dispatch control; otherwise the home area is not on AGC control.







Enforce Generator Ramp Rate Limits: Checked if generator ramp rate limits should

be enforced in the simulation.







Show Voltages in Per Unit: Checked if system voltages should be shown in per unit;

otherwise the voltages are shown in actual kV).







Show Animated Flows:	Checked If animated line/load/generator MW flows should be shown on the one-line diagram.







Constant System Frequency Model:    Checked if system frequency should remain
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constant throughout the s'mulat'on (default).
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Area Display Font tleight:	Font height (in pixels) used on the area display.  Again 'f the display resolution is changed, the fontsize is changed proportionally.







Select OK to change the options, or Cancel to cancel the changes.



I

Background Pen Options



This dialog allows you to change the color and size (in pixels) or the background pen.  All new background lines (but not transmission lines) are drawn using the new pen with the desired color and size.  Changing the pen does not change existing lines.







POWERWORLD Case Options



The POWERWORLD Case Options dialog allows you to change various default parameters associated with the *.pwc case.  Some of these options can also be saved (but not stored) when the POWERWORLD program is running.  The dialog box has the follo"lng fields:







Starttime:	The starting time for the simulation, in seconds from midnight.



Endtime:	The ending time for the simulation, in seconds from midnight of the starttime day.







Simulation Speedup: The relative speedup of the simulation from real time.



Home Area Number: The number of the home area.  This is the area number of the

area the user is operating in POWERWORLD. ]'here must be at

least one bus in this area.







Automatic ED Control. 	Checked if the home area is initially on automatic economic dispatch control; otherwise the home area is not on AGC control.







Enforce Generator Ramp Rate Limits: Checked if generator ramp rate limits should

be enforced in the simulation.







Show Voltages in Per Unit: Checked if system voltages should be shown in per unit;

otherwise the voltages are shown in actual kV).







Show Animated Flows:	Checked if animated line/load/generator MW flows should be shown on the one-line diagram.







Constant System Frequency Model:	Checked if system frequency should remain constant throughout the simulation (default).
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MW Blocks for Transactions: Size (in MW) of the power purchases and sales.



Transaction Ramp Time (seconds):	Time (in seconds) for ramping up or down transactions.



Scheduled System Frequency               The nominal frequency for the system.  This

value only effects system operation( for cases in which the system frequency is not constant.



Main One-Line File             Name of the file containing the case one-line diagram.

By default this is the name of the case, with a '.PWD' file extension.  However, you can chose another display file (be sure to include the *.PWD extension).  This allows multiple cases to utilitlze a single one-line diagram.



Enforce Line Overloads:	Checked if transmission line/transformer limits should be enforced.



Show Clock..	Checked if the simulation clock should be displayed.



Auto Start:	Checked if the case should automatically start the simulation when it is opened by the user.







POWERWORLD Case Load Variation



A key aspect of the POWERWORI,D simulation Is the automatic variation in the home area load.  The load variations are dependent upon the base MW and Mvar values of the bus loads.  Between time points, the area load is scaled by the load multiplier.  The load multiplier varies linearly from a specified value at one time point to the next.  These load changes are defined graphically using the Load Variation Graph in Builder.  This graph is used to view existing load variations for the case or to record new load variation changes.  The y axis displays the load multiplier, and the x axis displays the time in hours.  The axis values can be changed from the default values by double clicking on either axis and entering the relevant changes in the dialog box.  By default, the minimum and maximum x axis values are determined by the start and end time of the sirriulation.  The Load Variation Graph shows the load multipliers at different time points.  For a new case, there are initially just two time points: one for the start time and one for the end time, both with load multipliers equal to I (thus by default the load stays constant).







To enter a new point, click with the left mouse button at the time value and load

multiplier value desired.  The graph will then change to connect this new point.







To adjust the load multiplier value for an existing point, drag the point with the left

mouse button down to the desired value.  The mouse movement is confined at the time
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value of the point, and the only change that can be made is moving the load multiplier

value higher or lower.







To delete an existing point, click on it with the right mouse button.  The graph will then redraw to reflect this change.  If the click registers where there is no point to delete, an appropriate message is displayed.







To exit the Load Variation Graph either click on the Control menu button in the upper left corner of the window and choose Close or double click on this same button.  The user will be prompted to Save the changes made to the load variation.  Choosing Cancel, or No will exit the option without the changes made to the load variation being saved.







Show Area Display or Hide Area Display



The show area display command displays the area d'splay.  The area d'splay must be defined in order to do MW transactions in POWERWORLD.  This display contains area I objects, inter-area-tie objects, and interarea flow objects.  The area and 'nterareat' ic objects are added automatically to the display.  The area objects can be repositioned using the left mouse button.  The inter-area-tie objects always interconnect the centers of the various areas, provided there are transmission lines 'oining the particular areas.  Use the New InterArea Flow command to add interarea flow objects to the display.







When using Builder to create/or modify a case, it is important to validate the case before

I



working on the Area Display.  This will 'Insure that the area and interareat'e objects are

setup correctly.







Redraw



The redraw command redraws the one-line.







C.7. About



The About menudisplaysinformationaboutthecaseortheBuilderprogram.  Themenu

contains the following commands:







About



Displays information about the program, including the version number.





Case Summary



Displays information about the number of buses, generators, lines/transformers, and

control areas.
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