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Introduction to Angle Stability
o Angle stability is related to the phase angle 

separation between power system buses.

o In a stable power system voltage magnitudes and 
angle differences have acceptable magnitudes and are 
controllable.

o The angular separation of the voltages (power angles) 
in this figure is small, ranging from 5° to 15°. This is 
typical for a high voltage transmission system. 

o When a power system is angle stable it has sustained 
power angles of less than 90°.

o When a system is angle unstable, power angles grow 
beyond 90°, up to 180° and larger.

o System operators lose control of both MW and Mvar
flows in an angle unstable system

2Reference: EPRI 2008, “EPRI Power System Dynamics Tutorial”, report 1016295 



Active Power & the Power-Angle Curve

3Reference: EPRI 2008, “EPRI Power System Dynamics Tutorial”, report 1016295 

𝜹𝜹 = 𝜽𝜽𝒔𝒔 − 𝜽𝜽𝑹𝑹

𝑷𝑷
= 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷



Active Power & the Power-Angle Curve

4Reference: EPRI 2008, “EPRI Power System Dynamics Tutorial”, report 1016295 



Types of Angle Stability

5Reference: EPRI 2008, “EPRI Power System Dynamics Tutorial”, report 1016295 



Example of Steady State Instability

6Reference: EPRI 2008, “EPRI Power System Dynamics Tutorial”, report 1016295 

𝑷𝑷 =
𝑽𝑽𝑺𝑺𝑽𝑽𝑹𝑹
𝑿𝑿 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎 =
𝑽𝑽𝑺𝑺𝑽𝑽𝑹𝑹
𝑿𝑿

Reducing the Operating Angle will 
improve the Steady State Stability 



Example of Transient Instability

7Reference: EPRI 2008, “EPRI Power System Dynamics Tutorial”, report 1016295 

𝑷𝑷 =
𝑽𝑽𝑺𝑺𝑽𝑽𝑹𝑹
𝑿𝑿 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎 =
𝑽𝑽𝑺𝑺𝑽𝑽𝑹𝑹
𝑿𝑿

Reducing the Operating Angle will 
improve the Transient Stability 



Improving Angle Stability
o Reducing the power angle 𝛿𝛿 by increasing the line capacity

o Line capacity can increase by reducing the line reactance X
o This can be achieved by series compensation using series capacitors:

o Two issues:
 Increasing the Short Circuit Capacity
 Sub-Synchronous Resonance (SSR)
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𝑷𝑷 = 𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 → 𝜹𝜹 = 𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏(
𝑷𝑷

𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎
)

𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎 =
𝑽𝑽𝑺𝑺𝑽𝑽𝑹𝑹
𝑿𝑿

𝑿𝑿 = 𝑿𝑿𝑳𝑳 − 𝑿𝑿𝑪𝑪

Shunt compensation may be a solution



Methodology

o The Theory 

o Verification by simulation

o Validation by laboratory tests
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The Theory
o The voltage at the midpoint of the transmission line is fixed using 

reactive compensation

o The line with reactance X is split into two lines each 𝑋𝑋
2

o The angle separation for each half of the line will be 𝛿𝛿
2

:
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𝑷𝑷 = 𝑽𝑽𝑺𝑺𝑽𝑽𝑹𝑹
𝑿𝑿
𝟐𝟐

𝒔𝒔𝒔𝒔𝒔𝒔 𝜹𝜹
𝟐𝟐

𝑷𝑷 = 𝟐𝟐𝑽𝑽𝑺𝑺𝑽𝑽𝑹𝑹
𝑿𝑿

𝒔𝒔𝒔𝒔𝒔𝒔 𝜹𝜹
𝟐𝟐

After compensation: 𝜹𝜹 = 𝟐𝟐𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏( 𝑷𝑷
𝟐𝟐𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎

) 

𝑷𝑷 = 𝟐𝟐𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎𝒔𝒔𝒔𝒔𝒔𝒔
𝜹𝜹
𝟐𝟐

Before compensation: 𝜹𝜹 = 𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏(
𝑷𝑷

𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎)
)



Examples
Example 1:  P=0.4 Pmax   (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝛿𝛿)
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After compensation: 𝜹𝜹 = 𝟐𝟐𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏( 𝑷𝑷
𝟐𝟐𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎

)=2 𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏 𝟎𝟎.𝟐𝟐 = 𝟐𝟐 × 𝟏𝟏𝟏𝟏.𝟓𝟓𝟓𝟓𝟓𝟓𝒐𝒐= 𝟐𝟐𝟐𝟐.𝟎𝟎𝟎𝟎𝟎𝟎𝒐𝒐

Before compensation: 𝜹𝜹 = 𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏 𝑷𝑷
𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎)

= 𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏 𝟎𝟎.𝟒𝟒 = 𝟐𝟐𝟐𝟐.𝟓𝟓𝟓𝟓𝟓𝟓𝒐𝒐

Example 2:  P=0.8 Pmax (𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝛿𝛿)

After compensation: 𝜹𝜹 = 𝟐𝟐𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏( 𝑷𝑷
𝟐𝟐𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎

)=2 𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏 𝟎𝟎.𝟒𝟒 = 𝟐𝟐 × 𝟐𝟐𝟐𝟐.𝟓𝟓𝟓𝟓𝟓𝟓𝒐𝒐= 𝟒𝟒𝟒𝟒.𝟏𝟏𝟏𝟏𝟏𝟏𝒐𝒐

Before compensation: 𝜹𝜹 = 𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏 𝑷𝑷
𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎)

= 𝒔𝒔𝒔𝒔𝒔𝒔−𝟏𝟏 𝟎𝟎.𝟖𝟖 = 𝟓𝟓𝟓𝟓.𝟏𝟏𝟏𝟏𝟏𝟏𝒐𝒐



Simulation: 
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Without midpoint compensation

Python Code Results



Simulation: Circuit without midpoint compensation
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Multisim Simulation
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Readings:  without midpoint compensation



Simulation: No midpoint compensation
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Power Angle ᵟ=9.5/50×360≅68°



Simulation: 
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With midpoint compensation

Python Code Results



Simulation: Circuit with midpoint compensation

17



Multisim Simulation
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Readings:  with midpoint compensation



Simulation: midpoint compensation
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Power Angle ᵟ =7/50×360≅50.4°

The angle difference decreases from 𝟔𝟔𝟔𝟔𝟔 to 𝟓𝟓𝟎𝟎.𝟒𝟒°
due to the reactive  power compensation.



Validation: Power Lab Test Bench
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Validation: Power Lab Test
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Source Voltage    Midpoint Voltage        Load Voltage          Load Power        Angle Difference

Before Midpoint Compensation:



Validation: Power Lab Test
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Source Voltage    Midpoint Voltage        Load Voltage          Load Power        Angle Difference

With Midpoint Compensation:



Angle Differences Comparison
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Without Midpoint Compensation                With Midpoint Compensation



Conclusion
o The main objective of this research was improving power system angle stability

o It was shown that the line midpoint voltage control can be used to decrease the 
power angle

o Mutlisim simulations were used to verify the proposed theory

o The findings were validated using the Lucas Nuelle Power Equipment

o The future work will be on the impact of the proposed method on the relays 
settings
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Thank You
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