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What can go wrong in the power system?

Generator Outages Line Outages



What Happens?

Figure : Ford [1]



What Other Problems Can Occur?

Under/over voltage

Load shedding

Line overloading

Transient instability of power or voltage



Resolving Contingencies and Other Problems

Considerations:

Transient stability

When to enforce security constraints

Minimize load shed or total energy cost?

Strategies:

FACTS devices (series)

Shunt capacitance/inductance (parallel)

Redispatch generation

Phase angle

Corrective Switching
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What is Corrective Switching?



Questions....

How does an outage change the network solution?

How does corrective switching help?
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DC with Line Limits: Is Redispatch Enough?

All generators have Pmax
g > 100 MW. Generator C is the cheapest;

A and B are the same price.
All lines have equal impedance

A	
   B	
  

C	
  

100 MW 

100 MW 

25 MW 100 MW 

GA GB 

GC 

Line Limits on Power Transfer

A-B: − 100 ≤ 1

3
GA − 1

3
GB ≤ 100

B-C: − 100 ≤ 1

3
GA +

2

3
GB ≤ 100

A-C: − 25 ≤ 2

3
GA +

1

3
GB ≤ 25



DC with Line Limits: Is Redispatch Enough?

Contingency: Lose Generator C

A	
   B	
  

C	
  

100 MW 

100 MW 

25 MW 100 MW 

GA GB With Redispatch Only:

Due to constraint on line A-C:
Maximum power is when
GB=75MW

Minimum load shed 25 MW



DC with Line Limits: Required Redispatch plus Corrective
Switching

Switch line A-C out

A	
   B	
  

C	
  

100 MW 

100 MW 

100 MW 

GA GB 

Switch line A-C out
Now, GA=100MW; no load shed required
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Two Bus Network, at Normal Load

1	
   2	
  G1	
   G2	
  

PD =110, QD = 40 

P2
max=  30 

Q2
min= -10 

Q2
max=  10 

$$$ $ 

v1=0.900 ∠0° v2=1.092 ∠15.3° P1=80.6 
Q1=1.7 

P2=30 
Q2=-10 

Ploss =   0.55 
Qloss= 11.81 

Req = 0.042 
Xeq = 0.9 



2 Bus Network, as Load Decreases: Power

Real Power Generation
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2 Bus Network, as Load Decreases: Voltage
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Angle difference stays at 15.3◦ until pD < 28.
Minimum and maximum voltage violations!



2 Bus Network: Does Corrective Switching Help?

1	
   2	
  G1	
   G2	
  

PD =26.4, QD = 9.6 

P2
max=  30 

Q2
min= -10 

Q2
max=  10 

$$$ $ 

v1=0.899 ∠0° v2=1.1001 ∠13.7° P1=0 
Q1= -30 

P2= 27.29 
Q2= -10.01 

Ploss =   0.50 
Qloss=  10.69 

Req = 0.042 
Xeq = 0.9 

1	
   2	
  G1	
   G2	
  

PD =26.4, QD = 9.6 

P2
max=  30 

Q2
min= -10 

Q2
max=  10 

$$$ $ 

v1=1.041∠0° v2=1.099 ∠24.7° P1=0 
Q1= -3 

P2= 26.95 
Q2= -9.99 

Ploss =   0.55 
Qloss=  11.8 

Req = 0.084 
Xeq = 1.8 



2 Bus Network: Behavior With and Without Corrective
Switching

Voltage Magnitude
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Voltage Angle
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Corrective switching reduces the voltage magnitude difference,
allowing the voltages to stay within bounds.
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3 Bus Network: Generator Contingency

1	
   3	
  

2	
  

G1	
  

G2	
  

PD =22, QD = 8 

V1= 1.094 ∠ 
0° 

V2 = 1.098 ∠ 2.6° 

V3 = 1.100 ∠ 4.8° 

P2 =       0.0 
Q2 = -120.1 

P3 =    22.2 
Q3 = -139.0 

P1 = 0 
Q1 = -80.5 

G3	
   1	
   3	
  

2	
  

G1	
  

G2	
  

PD =22, QD = 8 

V1= 0.87 ∠ 0° 

V2 = 0.87 ∠ -166° 

V3 = 0.87 ∠ -52° 

P2 =     0.0 
Q2 =  98.2 

P3 =       0.0 
Q3 =   262.8 

Q3 

P1 = 337 
Q1 = 271 

Voltage violations and nonsensical dispatch when real power
cannot be produced at bus 3!



3 Bus Network: Corrective Switching with One Line

1	
   3	
  

2	
  

G1	
  

G2	
  

PD =22, QD = 8 

V1= 0.87 ∠ 0° 

V2 = 0.87 ∠ -166° 

V3 = 0.87 ∠ -52° 

P2 =     0.0 
Q2 =  98.2 

P3 =       0.0 
Q3 =   262.8 

Q3 

P1 = 337 
Q1 = 271 

1	
   3	
  

2	
  

G1	
  

G2	
  

PD =22, QD = 8 

V1= 1.096 ∠ 
0° 

V2 = 1.100 ∠ 6.5° 

V3 = 1.100 ∠ 4.1° 

P2 = 22.1 
Q2 = -111.6 

P3 =       0.0 
Q3 = -120.2 

Q3 

P1 = 0 
Q1 = -53.3 

By removing one line, the voltage at each bus is raised. Reactive
power with corrective switching is lower than in the
pre-contingency case.



3 Bus Network: Corrective Switching with Two Lines
(One Connection)

1	
   3	
  

2	
  

G1	
  

G2	
  

PD =22, QD = 8 

V1= 1.096 ∠ 
0° 

V2 = 1.100 ∠ 6.5° 

V3 = 1.100 ∠ 4.1° 

P2 = 22.1 
Q2 = -111.6 

P3 =       0.0 
Q3 = -120.2 

Q3 

P1 = 0 
Q1 = -53.3 

1	
   3	
  

2	
  

G1	
  

G2	
  

PD =22, QD = 8 

V1= 1.100 ∠ 
0° 

V2 = 1.100 ∠ 9.5° 

V3 = 1.095 ∠ 9.5° 

P2 = 22.2 
Q2 = -119.3 

P3 =     0.0 
Q3 = -84.6 

Q3 

P1 = 0 
Q1 = -25.5 

Removing an additional line increases the voltage angle difference
between 1 and 2 and 1 and 3. Reactive power drops at nodes 1
and 3.



Conclusion

Switching out a line has a number of effects . . .

Modifying the admittance of the network

Change voltage magnitude

Change voltage angle
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