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Emergency Operations 

with 

PowerSimulator

Course 6: System Shutdown

Exercises

Module 6.1 Angle Stability – Basic Principles

6.1.1 Faulted Scenario

For this exercise download the Study Guide name Transient Stability Simulation.

Open up the worksheet. 

The worksheet for the transient stability simulation is shown below.

[image: image8]
The time is increased in steps of .01 seconds.

There is one exception; the time when the fault is removed can be changed. This is the yellow cell.  It must be greater than the preceding time value and less than the following time value.

In the example shown, the fault is applied at 0.1 seconds by increasing the impedance to 1000 per unit. The value increases in the 0.11 cell. The value in the 0.11 cell is used to calculate the acceleration over the interval from 0.1 to 0.11 seconds. 

This is the effective transfer impedance between the generator and the infinite bus. It makes the output of the generator go to zero and has the same effect as a terminal fault.

The fault is removed when at the time of .186 seconds.

The fault is on for 0.186 minus 0.1 or .86 seconds.

 By changing the time in the yellow cell between the range .181 to .189 we can change the fault clearing time from 0.081 to .089.

The machine parameter can be changed by entering values into the cells shown.

	HK
	3.5

	PMK
	0.9

	DK
	0


After the fault is removed the impedance value is set to .95. This is the equivalent impedance with just the unfaulted line in service.

The system is barely stable as shown by the angle and power curves.

[image: image9.png]SPEED |ANGLE ANGLE
TIME__[x 2] TIME___|PE PM.PE__|Rads'Sec|Radians [TIME__|Degrees
0000] 0775 05] 000] ©0900] 000 00000 07291 000|418
0010 _0.7752) 05 001 0900] 000 0.0000] 07291 001 13|
0.020] 07752 09 002 0900] 000 0.0000] 07291 002 418
0.030[ 07752 09 003 0900] 000 0.0000] 07291 003418
0.040] 07752 09 004 0900] 000 0.0000] 07291 004 ais
0.050[_0.7752) 09 005 0900] 000 0.0000] 0.7291 005418
0.060] 07752 09 006| 0900] 000 0.0000] 07291 006|418
0.070]_0.7752) 09 007 0900 000 0.0000] 07291 007|418
0.080] 07752 09 008| 0900] 000 0.0000] 07291 008 418
Fault On 0.090[ 07752 05 009 0900] 000 0.0000] 07291 009418
0.100] _0.7752) 09 010] 0900] 000 0.0000] 07291 010 418
0.110[7000.0000) 05 o11] oot 050 00013[ 07291 011 18|
0.120[ 1000.0000) 09 012 0001 090 000%| 07339 012] 421
0.130[1000.0000) 05 013[ oot 090[ 00039 07436] 013 428
0.140[ 1000.0000) 09 014 0001 090] 00051 07581 014 434
0.150[ 1000.0000) 05 015 oot 050 00064] 07775] 015 445
0.160[ 1000.0000) 09 016] 0001 090[ 00077] 08017] 016 459
Fault Off 0.170] 1000.0000) 09 o17] oot 050 000%] 08308] _0.17] 475§
1000,0000 09019 0001 090 00110] 08850] 019 507
0.190[_0.9500] 05 019] 0865|004 0o1M1] 090i7| 0i9]  517]
0.200] _0.9500) 09 020 089 00| 0011] 09434] 020 541
0210]_0.9500) 05 021 o918 002[ oor1] oses| o021 56.4]
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0.230[_0.9500) 05 023 o09e6| -007] 00109 toee3| 023 612
0.240] _0.9500) 09 024 097] 009 00108 1.1094] 04|  636)
0.250]_0.9500) 05 025 1006] -0.11] 00106 1.1500] 025]  659)
0.260] _0.9500) 09 026] 1023 012] 00104 1i900] 06| 682
0.270]_0.9500) 09 027 1os9] 014 oo102[ 12294 027 704
0.280] _0.9500) 09 028] 1052 -015] 00100 12680] 028]  727]
0.290[ _0.9500] 05 029 04| 016 00098[ 13058 029] 748
0.300] _0.9500] 09|  030] 1074] 017] 00095 13427] 030 769





6.1.2 Delayed Fault Clearing

What is the critical fault clearing time for this system?

A. 0.86 seconds

B. 0.9 seconds

C. 0.84 seconds

D. 0.1 seconds

6.1.3 Reduced Mechanical Power

What is the critical fault clearing time when the mechanical power is reduced to 0.8 per unit?

A. .12 seconds

B. .13 seconds

C. .14 seconds

D. .15 seconds

6.1.4 Delayed Fault Clearing

What is the maximum mechanical power for transient stability if the fault clearing time is delayed to 15 cycles?

A. .44 per unit

B. .48 per unit

C. .54 per unit

D. .58 per unit

6.1.5 Line Switching Scenario

You can simulate a simple line switching scenario without any fault by changing the impedance directly from .7752 to .95 as shown.

[image: image1.png]SPEED ANGLE
TIME __|x P0 TmE__|PE PM-PE__|Rads/Sec] TIME__|Deqrees
0000] 07752] 054 000 0540]  0.00] 00000 000 236
0010 07752] 054 001 0540 0.00] 00000 001 236
0020 07752] 054 002]  0540]  0.00] 0.0000 002 236
0030 07752] 054 003]  0540(  0.00] 00000 003 236
0040 07752] 054 004  0540(  0.00] 0.0000 004 236
0050 07752] 054 005 0540(  0.00] 0.0000 0.05] 236
0060 07752] 054 006  0540(  0.00] 0.0000 0.05] 236
0070 07752] 054 007] 0540  0.00] 0.0000 007] 236
0080 07752] 054 008  0540(  0.00] 0.0000 008 236
0050 07752] 054 009  0540(  0.00] 0.0000 005 236
0100[ (07752] 054 040 0540]  0.00] 0.0000 010 236
0110[  09500] 054 0.41] 0441 0.10]__0.0001 011 236
0120( 09500] 054 0.42] 0441 010 _0.0003] 012 236
0130 09500]  054]  0.43]  0442]  0.40] 00004 013 237]
0140 09500]  054]  0.4] 0444  0.10] 00008 014 237]
0150( 09500]  054] 0.5 0446]  0.09] 0.0007 015] 239
0160( 09500]  054] 0.6 0449]  0.09] (0.0008 016] 24
0170] 09500] 054 047 0452]  0.09] 00010 017] 242
0186] 09500] 054  0.49] 0458]  0.08] 0.0011 015 245]
0190( 09500]  054] 0.9 0459]  0.08] 00012 015] 246
0200 09500  054]  020] 0464|008 00013 020] 249





What is the maximum mechanical power for the system to be stable with an un-faulted line switching?

A. 1.027 per unit

B. 1.032 per unit

C. 1.037 per unit

D. 1.041 per unit

6.1.6 Damping Scenario

When the mechanical power with the un-faulted line switching scenario is set to 1.02 per unit and the damping factor is set to -0.01 what happens.

A. The system is stable

B. The system is unstable on the first swing

C. The system is unstable on the second swing

D. The system is unstable on the third swing

6.1.7 Fault on the Lower Impedance Line

The figure shows the fault applied to the lower impedance line.
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What is the maximum mechanical power to maintain transient stability when a 5 cycle fault is applied to the lower impedance line?

A. .44 per unit

B. .62 per unit

C. .68 per unit

D. .74 per unit

Module 6.2 Angle Stability – Energy Functions

6.2.1 Critical Energy Calculation

For this exercise download the Energy Function spread sheet.

The parameters for the Potential Energy worksheet are shown below.

[image: image2.png]Parameter Symbol _|Value
Generator Internal Voltage VG 11626
Infinite Bus Vohage VB 10,9005
Pre-Fault Equivalent Impedance [XPRE 07752]
Post Fault Equivalent Impedance [XPST 0.9500)
Pre-Fault Maxirmurn Power PMXPRE 1.3510
Post Fault Maximurn Power PMXPST 11024
Mecharical Power PM 0.5000)
Pre- Fault Steady State Angle |ANGPRE 21.7215]
Post Fault Steady State Angle  |ANGPST. 26.9719





You can calculate the critical energy by entering different values of mechanical power PM.

The Critical Energy is the peak value of the Potential Energy function. This peak occurs in the angle range of 90 to 180 degrees.
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The value of the Critical Energy when the mechanical power is 0.5 per unit is:

A. .710

B. .805

C. .865

D. .905

6.2.2 Critical Energy Curve

The Critical Energy Curve is calculated by entering different values of mechanical power and recording the critical energy for each value in the table shown.
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Describe the characteristics of the Critical Energy

A. It is the value that occurs when the slope of the potential energy function is zero.

B. It occurs at the unstable equilibrium point

C. It occurs at an angle in the range of 90 to 180 degrees

D. All of the above

6.2.3 Energy Function Worksheet

An example of the Energy Function Worksheet is shown below.

[image: image5.png]Potential, Kinetic and Total Energy as a function of Mechanical Power
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The values of the Critical Energy function were derived by varying the mechanical power in the Potential Energy worksheet.

The various Energy Functions are plotted as shown below.
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Which of the following statements are true?

A. The region above the Critical Energy curve is the stable region

B. The region below the Critical Energy curve is the stable region

C. The region below the Total Energy Curve is the stable region

6.2.4 Potential Energy at Fault Clearing

The potential energy at fault clearing is calculated by first calculating the angle at fault clearing. This assumes a three phase terminal fault.
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The Kinetic Energy at fault clearing is calculated using the expression.

The Potential Energy at the time of fault clearing is calculated as follows.

[image: image13.png]XG=03 XT=0.15

VB =.90081, 0°

VG =1.626,5°





The potential energy at fault clearing is shown as the blue curve in the example with a fault clearing time of 15 cycles.

[image: image14.png]oc =&i + 5400 * PM/H * Tc?

Where:

Si = initial angle in pre-fault state - degrees
oc = angle at fault clearing - degrees

Tc = fault clearing time - seconds

PM = mechanical power — P.U.

H = generator inertia constant — P.U.




Which of the following statements is not true about the potential energy at fault clearing

A. The potential energy at fault clearing may be negative for extended faults

B. If the potential energy at fault clearing is negative the system will be stable

C. If the system is to be stable the potential energy at fault clearing must be less than the critical energy.

6.2.5 Kinetic Energy at Fault Clearing

The Kinetic Energy at fault clearing is calculated using the following function.

[image: image15.png]PEc = -PM(&c-3s)m180- VG*VB/ X (cos (5¢c)- cos (3s))
Where:

PEc = Potential Energy at fault clearing

PM = Mechanical Power

X = Reactance of generator and transmission line.

VG = Internal generator voltage

VB = Infinite bus voltage

8¢ = Angle of generator at fault clearing - degrees

&8s = Post-fault steady state angle of generator - degrees




The Kinetic Energy is the pink curve as shown below.
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Which statement is not true about the Kinetic Energy at fault clearing when a three phase terminal fault is applied to the generator?

A. The Kinetic Energy at fault clearing increases as the square of the fault clearing time.

B. The Kinetic Energy at fault clearing increases as the square of the mechanical power.

C. The Kinetic Energy at fault clearing increases as the machine inertia constant is increased.

D. The Kinetic Energy at fault clearing does not depend on the impedance of the post-fault network.

6.2.6 Maximum Power Calculation

The parameters for the Total Energy Function worksheet are shown below.

[image: image6.png]Parameter Symbol Value
Generator Internal Voltage VG 11626
Infinite Bus VVoltage VB 10,9005
Pre-Fault Equivalent Impedance [XPRE 07752]
Post Fault Equivalent Impedance  |XPST 0.9500)
Pre-Fault Maxirmurn Power PMXPRE 1.3510
Post Fault Maximurn Power PMXPST 11024
Inertia Constart H 35
Fault Clearing Time - Cycles Cycles 10)
Fault Clearing Time - Seconds Secs 01667 ]





The Inertia Constant and the Fault Clearing time in Cycles can be varied independently and will not affect the Critical Energy Curve. 

If any of the other parameters are varied, then the Critical Energy Curve must also be updated.

What is the maximum mechanical power to maintain transient stability when a 10 cycle fault is applied at the generator terminal on the high impedance line and the machine inertia constant is increased from 3.5 to 5.0?

A. .7 per unit

B. .75 per unit

C. .8 per unit

D. .85 per unit

Module 6.3 Controlled System Shutdown

6.3.1 Mission

In order to minimize the damage due  to a tornado you removed the following stations from service in the order shown:

1. Oakdale,

2. Nestle, 

3. Moses, 

4. Crawford, 

5. Jenkin, 

6. Homer.

6.3.2 Operating Instructions and Guides 

The scenario involved the shutdown of the two 400 MW gas fired steam units at Crawford and the 600 MW coal fired unit at Homer. 

You should manage the amount of load shedding so that the system frequency continually stays above of 59.5 Hertz. You should manage the amount of generation shedding so that the system frequency continually stays below 61.0 Hertz.

You should aim to keep the bus voltages within a band of plus and minus 10%. Please record any voltage violations beyond this range.

6.3.3 Scoring of Your Solution

After each substation has been removed from service please record the following values:

· System Load

· Highest MVA overload

· Highest Bus Voltage

· Lowest bus voltage

· Highest system frequency deviation since the last station was cleared.

· Lowest system frequency deviation since the last station was cleared.

6.3.4 Initialization

You loaded the Noon case and started the PowerSimulator and proceeded to:

6.3.5 Remove Oakdale Station

6.3.6 Remove Nestle Station 

6.3.7 Remove Moses Station 

6.3.8 Remove Crawford Station 

6.3.9 Remove Jenkin Station 

6.3.10 Remove Homer Station 

6.3.11 Final Step

Enter the points that you scored for each station into the following table and calculate the total.

[image: image7.png]Possible |Points
Station Points Scored
OAKDALE 10
NESTLE 10
MOSES 10
CRAWFORD 20
JENKIN 20
HOMER 30
TOTAL 100





At each milestone the points awarded will be deducted by 20% if any voltages have varied outside of a plus or minus 10% band since the last milestone.

At each milestone the points awarded will be deducted by 20% if any bus frequencies have varied outside of a 59.5 to 61 HZ band since the last milestone
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[image: image18.png]KE =9425*PM? *Tc2/H
Where:

KE = Kinetic Energy

H = Inertia constant

PM = Mechanical power
Tc = Faultclearing time
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0.9441323368

0.9526174251

0.9609004203

0.9689766726

0.9768415953

0.9844906661

0.9919194284

0.9991234927

1.006098538

1.0128403131

1.0193446377

1.0256074039

1.0316245775

1.0373921989

1.0429063847

1.0481633286

1.0531593027

1.0578906586

1.0623538284

1.066545326

1.0704617481

1.0740997751

1.0774561722

1.0805277904

1.0833115675

1.0858045289

1.0880037887

1.0899065503

1.0915101075

1.0928118453

1.0938092406

1.0944998629

1.0948813754

1.0949515351

1.0947081942

1.0941493001

1.0932728965

1.0920771239

1.0905602197

1.0887205196

1.0865564573

1.0840665655

1.0812494759

1.0781039201

1.0746287297

1.0708228366

1.0666852737

1.0622151746

1.0574117744

1.0522744097

1.0468025188

1.0409956419

1.0348534213

1.0283756013

1.0215620285



Potential Energy

		

		Angle		PE				Parameter		Symbol		Value								Mechanical Power		Critical Energy

		0		0.073				Generator Internal Voltage		VG		1.1626								0		2.2050

		1		0.067				Infinite Bus Voltage		VB		0.9008								0.1		1.9000

		2		0.060				Pre-Fault Equivalent Impedance		XPRE		0.7752								0.2		1.6130

		3		0.054				Post Fault Equivalent Impedance		XPST		0.9500								0.3		1.3440

		4		0.048				Pre-Fault Maximum Power		PMXPRE		1.3510								0.4		1.0950

		5		0.043				Post Fault Maximum Power		PMXPST		1.1024								0.5		0.8650

		6		0.038																0.6		0.6550

		7		0.033				Mechanical Power		PM		0.4000								0.7		0.4670

		8		0.028				Pre- Fault Steady State Angle		ANGPRE		17.2223								0.8		0.3030

		9		0.024				Post Fault Steady State Angle		ANGPST		21.2749								0.9		0.1650

		10		0.020																1		0.0590

		11		0.017																1.1		0.0000

		12		0.014

		13		0.011

		14		0.008

		15		0.006

		16		0.004

		17		0.003

		18		0.002

		19		0.001

		20		0.000

		21		0.000

		22		0.000

		23		0.000

		24		0.001

		25		0.002

		26		0.003

		27		0.005

		28		0.007

		29		0.009

		30		0.012

		31		0.014

		32		0.018

		33		0.021

		34		0.025

		35		0.028

		36		0.033

		37		0.037

		38		0.042

		39		0.047

		40		0.052

		41		0.058

		42		0.063

		43		0.069

		44		0.076

		45		0.082

		46		0.089

		47		0.096

		48		0.103

		49		0.110

		50		0.118

		51		0.126

		52		0.134

		53		0.142

		54		0.151

		55		0.160

		56		0.168

		57		0.177

		58		0.187

		59		0.196

		60		0.206

		61		0.215

		62		0.225

		63		0.235

		64		0.246

		65		0.256

		66		0.267

		67		0.277

		68		0.288

		69		0.299

		70		0.310

		71		0.321

		72		0.332

		73		0.344

		74		0.355

		75		0.367

		76		0.379

		77		0.390

		78		0.402

		79		0.414

		80		0.426

		81		0.438

		82		0.450

		83		0.462

		84		0.474

		85		0.486

		86		0.499

		87		0.511

		88		0.523

		89		0.535

		90		0.547

		91		0.560

		92		0.572

		93		0.584

		94		0.596

		95		0.609

		96		0.621

		97		0.633

		98		0.645

		99		0.657

		100		0.669

		101		0.681

		102		0.693

		103		0.705

		104		0.716

		105		0.728

		106		0.740

		107		0.751

		108		0.762

		109		0.774

		110		0.785

		111		0.796

		112		0.807

		113		0.818

		114		0.828

		115		0.839

		116		0.849

		117		0.859

		118		0.870

		119		0.879

		120		0.889

		121		0.899

		122		0.908

		123		0.918

		124		0.927

		125		0.935

		126		0.944

		127		0.953

		128		0.961

		129		0.969

		130		0.977

		131		0.984

		132		0.992

		133		0.999

		134		1.006

		135		1.013

		136		1.019

		137		1.026

		138		1.032

		139		1.037

		140		1.043

		141		1.048

		142		1.053

		143		1.058

		144		1.062

		145		1.067

		146		1.070

		147		1.074

		148		1.077

		149		1.081

		150		1.083

		151		1.086

		152		1.088

		153		1.090

		154		1.092

		155		1.093

		156		1.094

		157		1.094

		158		1.095

		159		1.095

		160		1.095

		161		1.094

		162		1.093

		163		1.092

		164		1.091

		165		1.089

		166		1.087

		167		1.084

		168		1.081

		169		1.078

		170		1.075

		171		1.071

		172		1.067

		173		1.062

		174		1.057

		175		1.052

		176		1.047

		177		1.041

		178		1.035

		179		1.028

		180		1.022
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Total Energy
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		Potential, Kinetic and Total Energy as a function of Mechanical Power

		PM P.U.		Pre Fault Steady State Angle		Post Fault Steady State Angle		PM P.U.		Fault Clearing Angle		PM P.U.		Potential Energy at Fault Clearing		Kinetic Energy at Fault Clearing		Total Energy at Fault Clearing		Critical Energy				Parameter		Symbol		Value

		0		0.00		0.00		0		0.00		0		0.00000		0.000		0.000		2.205				Generator Internal Voltage		VG		1.1626

		0.01		0.42		0.52		0.01		0.53		0.01		0.00000		0.000		0.000						Infiinite Bus Voltage		VB		0.9008

		0.02		0.85		1.04		0.02		1.06		0.02		0.00000		0.000		0.000						Pre-Fault Equivalent Impedance		XPRE		0.7752

		0.03		1.27		1.56		0.03		1.59		0.03		0.00000		0.000		0.000						Post Fault Equivalent Impedance		XPST		0.9500

		0.04		1.70		2.08		0.04		2.13		0.04		0.00000		0.000		0.000						Pre-Fault Maximum Power		PMXPRE		1.3510

		0.05		2.12		2.60		0.05		2.66		0.05		0.00000		0.000		0.000						Post Fault Maximum Power		PMXPST		1.1024

		0.06		2.55		3.12		0.06		3.19		0.06		0.00000		0.001		0.001						Inertia Constant		H		3.5

		0.07		2.97		3.64		0.07		3.72		0.07		0.00000		0.001		0.001						Fault Clearing Time - Cycles		Cycles		5

		0.08		3.39		4.16		0.08		4.25		0.08		0.00000		0.001		0.001						Fault Clearing Time - Seconds		Secs		0.0833

		0.09		3.82		4.68		0.09		4.78		0.09		0.00000		0.002		0.002

		0.1		4.24		5.20		0.1		5.32		0.1		0.00000		0.002		0.002		1.9

		0.11		4.67		5.73		0.11		5.85		0.11		0.00000		0.002		0.002

		0.12		5.10		6.25		0.12		6.38		0.12		0.00000		0.003		0.003

		0.13		5.52		6.77		0.13		6.91		0.13		0.00000		0.003		0.003

		0.14		5.95		7.30		0.14		7.45		0.14		0.00000		0.004		0.004

		0.15		6.37		7.82		0.15		7.98		0.15		0.00000		0.004		0.004

		0.16		6.80		8.35		0.16		8.52		0.16		0.00000		0.005		0.005

		0.17		7.23		8.87		0.17		9.05		0.17		0.00001		0.005		0.005

		0.18		7.66		9.40		0.18		9.59		0.18		0.00001		0.006		0.006

		0.19		8.08		9.92		0.19		10.12		0.19		0.00001		0.007		0.007

		0.2		8.51		10.45		0.2		10.66		0.2		0.00001		0.007		0.007		1.613

		0.21		8.94		10.98		0.21		11.19		0.21		0.00001		0.008		0.008

		0.22		9.37		11.51		0.22		11.73		0.22		0.00001		0.009		0.009

		0.23		9.80		12.04		0.23		12.27		0.23		0.00001		0.010		0.010

		0.24		10.23		12.57		0.24		12.80		0.24		0.00001		0.011		0.011

		0.25		10.66		13.11		0.25		13.34		0.25		0.00001		0.012		0.012

		0.26		11.10		13.64		0.26		13.88		0.26		0.00001		0.013		0.013

		0.27		11.53		14.18		0.27		14.42		0.27		0.00001		0.014		0.014

		0.28		11.96		14.71		0.28		14.96		0.28		0.00001		0.015		0.015

		0.29		12.40		15.25		0.29		15.50		0.29		0.00001		0.016		0.016

		0.3		12.83		15.79		0.3		16.04		0.3		0.00001		0.017		0.017		1.344

		0.31		13.27		16.33		0.31		16.59		0.31		0.00001		0.018		0.018

		0.32		13.70		16.87		0.32		17.13		0.32		0.00001		0.019		0.019

		0.33		14.14		17.42		0.33		17.67		0.33		0.00001		0.020		0.020

		0.34		14.58		17.96		0.34		18.22		0.34		0.00001		0.022		0.022

		0.35		15.01		18.51		0.35		18.76		0.35		0.00001		0.023		0.023

		0.36		15.45		19.06		0.36		19.31		0.36		0.00001		0.024		0.024

		0.37		15.89		19.61		0.37		19.86		0.37		0.00001		0.026		0.026

		0.38		16.34		20.16		0.38		20.41		0.38		0.00001		0.027		0.027

		0.39		16.78		20.72		0.39		20.96		0.39		0.00001		0.028		0.028

		0.4		17.22		21.27		0.4		21.51		0.4		0.00001		0.030		0.030		1.095

		0.41		17.67		21.83		0.41		22.06		0.41		0.00001		0.031		0.031

		0.42		18.11		22.39		0.42		22.61		0.42		0.00001		0.033		0.033

		0.43		18.56		22.96		0.43		23.17		0.43		0.00001		0.035		0.035

		0.44		19.01		23.52		0.44		23.72		0.44		0.00001		0.036		0.036

		0.45		19.46		24.09		0.45		24.28		0.45		0.00001		0.038		0.038

		0.46		19.91		24.66		0.46		24.84		0.46		0.00000		0.040		0.040

		0.47		20.36		25.24		0.47		25.39		0.47		0.00000		0.041		0.041

		0.48		20.81		25.81		0.48		25.95		0.48		0.00000		0.043		0.043

		0.49		21.27		26.39		0.49		26.52		0.49		0.00000		0.045		0.045

		0.5		21.72		26.97		0.5		27.08		0.5		0.00000		0.047		0.047		0.865

		0.51		22.18		27.56		0.51		27.64		0.51		0.00000		0.049		0.049

		0.52		22.64		28.14		0.52		28.21		0.52		0.00000		0.051		0.051

		0.53		23.10		28.74		0.53		28.78		0.53		0.00000		0.053		0.053

		0.54		23.56		29.33		0.54		29.35		0.54		0.00000		0.055		0.055

		0.55		24.02		29.93		0.55		29.92		0.55		0.00000		0.057		0.057

		0.56		24.49		30.53		0.56		30.49		0.56		0.00000		0.059		0.059

		0.57		24.96		31.13		0.57		31.06		0.57		0.00000		0.061		0.061

		0.58		25.42		31.74		0.58		31.64		0.58		0.00000		0.063		0.063

		0.59		25.89		32.36		0.59		32.22		0.59		0.00000		0.065		0.065

		0.6		26.37		32.97		0.6		32.80		0.6		0.00000		0.067		0.067		0.655

		0.61		26.84		33.60		0.61		33.38		0.61		0.00001		0.070		0.070

		0.62		27.32		34.22		0.62		33.96		0.62		0.00001		0.072		0.072

		0.63		27.80		34.85		0.63		34.55		0.63		0.00001		0.074		0.074

		0.64		28.28		35.49		0.64		35.13		0.64		0.00002		0.077		0.077

		0.65		28.76		36.13		0.65		35.72		0.65		0.00002		0.079		0.079

		0.66		29.24		36.78		0.66		36.32		0.66		0.00003		0.081		0.081

		0.67		29.73		37.43		0.67		36.91		0.67		0.00004		0.084		0.084

		0.68		30.22		38.09		0.68		37.51		0.68		0.00004		0.086		0.087

		0.69		30.71		38.75		0.69		38.11		0.69		0.00005		0.089		0.089

		0.7		31.21		39.42		0.7		38.71		0.7		0.00007		0.092		0.092		0.467

		0.71		31.70		40.09		0.71		39.31		0.71		0.00008		0.094		0.094

		0.72		32.20		40.78		0.72		39.92		0.72		0.00009		0.097		0.097

		0.73		32.71		41.47		0.73		40.53		0.73		0.00011		0.100		0.100

		0.74		33.21		42.16		0.74		41.14		0.74		0.00013		0.102		0.103

		0.75		33.72		42.87		0.75		41.76		0.75		0.00015		0.105		0.105

		0.76		34.23		43.58		0.76		42.38		0.76		0.00018		0.108		0.108

		0.77		34.75		44.30		0.77		43.00		0.77		0.00021		0.111		0.111

		0.78		35.26		45.04		0.78		43.62		0.78		0.00024		0.114		0.114

		0.79		35.79		45.78		0.79		44.25		0.79		0.00028		0.117		0.117

		0.8		36.31		46.53		0.8		44.88		0.8		0.00032		0.120		0.120		0.303

		0.81		36.84		47.29		0.81		45.52		0.81		0.00036		0.123		0.123

		0.82		37.37		48.06		0.82		46.16		0.82		0.00041		0.126		0.126

		0.83		37.91		48.84		0.83		46.80		0.83		0.00047		0.129		0.129

		0.84		38.45		49.64		0.84		47.45		0.84		0.00053		0.132		0.132

		0.85		38.99		50.45		0.85		48.10		0.85		0.00060		0.135		0.136

		0.86		39.54		51.27		0.86		48.75		0.86		0.00068		0.138		0.139

		0.87		40.09		52.11		0.87		49.41		0.87		0.00077		0.142		0.142

		0.88		40.65		52.96		0.88		50.07		0.88		0.00086		0.145		0.146

		0.89		41.21		53.84		0.89		50.74		0.89		0.00097		0.148		0.149

		0.9		41.77		54.73		0.9		51.42		0.9		0.00109		0.151		0.153		0.165

		0.91		42.34		55.64		0.91		52.09		0.91		0.00122		0.155		0.156

		0.92		42.92		56.57		0.92		52.78		0.92		0.00137		0.158		0.160

		0.93		43.50		57.52		0.93		53.47		0.93		0.00154		0.162		0.163

		0.94		44.09		58.50		0.94		54.16		0.94		0.00172		0.165		0.167

		0.95		44.68		59.51		0.95		54.86		0.95		0.00193		0.169		0.171

		0.96		45.28		60.55		0.96		55.57		0.96		0.00216		0.172		0.174

		0.97		45.89		61.63		0.97		56.28		0.97		0.00241		0.176		0.178

		0.98		46.50		62.74		0.98		57.00		0.98		0.00270		0.180		0.182

		0.99		47.12		63.90		0.99		57.73		0.99		0.00302		0.183		0.186

		1		47.75		65.11		1		58.46		1		0.00338		0.187		0.190		0.059

		1.01		48.38		66.37		1.01		59.20		1.01		0.00378		0.191		0.195

		1.02		49.03		67.71		1.02		59.95		1.02		0.00424		0.195		0.199

		1.03		49.68		69.12		1.03		60.71		1.03		0.00476		0.198		0.203

		1.04		50.34		70.63		1.04		61.48		1.04		0.00536		0.202		0.208

		1.05		51.01		72.26		1.05		62.26		1.05		0.00604		0.206		0.212

		1.06		51.68		74.06		1.06		63.04		1.06		0.00683		0.210		0.217

		1.07		52.37		76.07		1.07		63.84		1.07		0.00776		0.214		0.222

		1.08		53.07		78.43		1.08		64.65		1.08		0.00887		0.218		0.227

		1.09		53.79		81.40		1.09		65.46		1.09		0.01023		0.222		0.232

		1.1		54.51		86.22		1.1		66.30		1.1		0.01201		0.226		0.238		0
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Potential Energy at Fault Clearing

Kinetic Energy at Fault Clearing

Total Energy at Fault Clearing

Critical Energy

Mechanical Power - P.U.

Energy

Energy Functions
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