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1. Text Problem 11.1 

 



 

2. Text Problem 11.2 

 



 



3. Text Problem 11.3 

 



 
 

4. The loading on circuit ℓ is fℓ
0
. It is known that the flow on circuit ℓ is 

limited by outage of circuit k under a stress condition defined by ΔPi 

(e.g., a generation shift between buses I and j, or an increase in load at 

bus j compensated by an increase in generation at bus i). Determine 

the SOL for circuit ℓ expressed as a function of fℓ
0
, fℓ

max
, GSFs, and 

LODFs. 

Hint 1: The SOL for circuit ℓ occurs under the condition that  



max0
 fff   

where fℓ
max 

is the emergency overload rating for circuit ℓ.  

Hint 2: There are two network changes that determine Δfℓ. 

Hint 3: The stress condition affects both the flow on circuit ℓ and the 

flow on circuit k.  
 

 

 

The GSFs are linear estimates of the ratio: change in flow to change in power injection at a bus. A change of 

injection at bus i (ΔPi) results in a change of MW power flow on line ℓ (Δfℓ),   and the ratio of Δfℓ to ΔPi is the GSF 

and is given by aℓi = Δfℓ  /ΔPi. Thus the change in flow on circuit ℓ due to change in injection ΔPi is Δfℓ = aℓi × ΔPi. 

We note that ΔPi necessarily implies an equal and opposite change in injection elsewhere in the network. We 

designate this other change as ΔPj, recognizing that ΔPi = -ΔPj. 

 

The LODFs are linear estimates of the ratio: change in flow on circuit ℓ due to outage of circuit k, denoted by Δfℓ, to 

pre-contingency flow on circuit k, denoted by fk
0
. In other words, it provides the fraction of pre-contingency flow on 

circuit k that appears on circuit ℓ following outage of circuit k, and is given by dℓ,k = Δfℓ  / fk
0
. It is then clear that the 

change in flow on circuit ℓ due to the outage of circuit k is given by Δfℓ = dℓ,k × fk
0
. 

 

The SOL for circuit ℓ occurs under the condition that  

 
max0
 fff   (1) 

 

where fℓ
max 

is the emergency overload rating for circuit ℓ. Our goal is to identify the value of flow on circuit ℓ, 

denoted fℓ
0
, that makes (1) true, under the condition that flows are changed due to a stress defined by ΔPi (e.g., a 

generation shift between buses i and j, or an increase in load at bus j compensated by an increase in generation at bus 

i) and an outage of circuit k.  

 

There are two network changes that determine Δfℓ. One is the stress, which is given by 
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The other is the outage of circuit k, Δfℓ
(2)

 = dℓ,k × fk
0
. However, the flow on circuit k will be affected by the stress 

according to Δfk = (aki – akj) × ΔPi. Therefore, 
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Combining (2) (representing the increase in flow on circuit ℓ due to the stress) and (3) (representing the increase in 

flow on circuit ℓ due to the outage), the combined change is 
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We desire the amount of stress ΔPi necessary to increase the flow on circuit ℓ to fℓ
max

, as expressed by (1). To 

determine this amount of stress, we substitute (4) into (1), resulting in 
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Solving (5) for ΔPi, we obtain: 
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 (6)  

 

The SOL for circuit ℓ is then the flow on circuit ℓ following the increased stress resulting from ΔPi, -ΔPj, which can 

be computed from (1) and (2), resulting in 
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Substituting (6) into (7) results in 
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   (8) 

 

We emphasize that the SOL computed by (8) is a pre-contingency value and therefore represents a value that an 

operator can easily monitor. However, the constraint is driven by the post-contingency scenario. Thus, we see that if 

the operator keeps the flow on circuit ℓ below the value computed by (8), we can be sure that circuit ℓ will not 

overload if circuit k is outaged.  

 

Equation (8) provides the SOL of circuit ℓ with respect to a particular contingency, which is the outage of circuit k. 

For a given contingency list, one must compute (8) for each contingency on the list, and then the contingency that 

gives the lowest value in (8) determines the SOL. This is not computationally intensive, but it can be made even less 

computational by recognizing that only a few contingencies typically drive a particular SOL. 

 


