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Understanding the electrical parameters of three-phase power systems is vital for engineers,
electricians, and designers involved in power distribution and transmission. Among these
parameters, the capacitance-to-neutral (C) and admittance-to-neutral (Y) are essential in analyzing
system performance, voltage stability, and insulation requirements. This comprehensive guide
provides a detailed approach to calculating the capacitance-to-neutral in farads per meter (F/m) and
the admittance-to-neutral in siemens per kilometer (S/km) for three-phase systems, including
theoretical foundations, practical formulas, and example calculations.

Fundamentals of Three-phase Power Systems

Overview of Three-phase Systems

A three-phase power system consists of three conductors carrying alternating currents of equal
magnitude and frequency but with phase differences of 120°. These systems are widely used due to
their efficiency in transmitting electrical power with reduced conductor material and smoother
power delivery.

Key Electrical Parameters

- Capacitance-to-neutral (C): The ability of the system's insulation and conductors to store electrical
energy in the electric field relative to the neutral point. It influences the charging currents and
voltage stability.

- Admittance-to-neutral (Y): The ease with which current can flow through the system's capacitive
pathways, combining conductance and susceptance, expressed in siemens (S).

Understanding Capacitance and Admittance in Power



Systems

Capacitance in Power Lines

Capacitance in power lines arises between conductors and between conductors and ground
(neutral). It depends on physical parameters such as conductor geometry, spacing, insulation, and
the dielectric properties of the surrounding medium.

Admittance and Its Components

Admittance (Y) is the reciprocal of impedance (Z) and comprises:

- Conductance (G): Real component representing resistive losses.
- Susceptance (B): Imaginary component indicating the system's capacitive or inductive nature.

In high-voltage transmission lines, the capacitive susceptance dominates the admittance, especially
in the context of charging currents.

Calculating Capacitance-to-neutral (C) in F/m

Basic Concept and Significance

The capacitance-to-neutral per unit length quantifies how much charge is stored per unit voltage
between the conductors and the neutral point per meter. It is crucial for determining the charging
current and assessing insulation requirements.

Mathematical Formulation

The general formula for calculating the capacitance per unit length of a transmission line is:

\[

C = \frac{Q}{V}
\]

where:

-\(Q)) is the charge stored (in Coulombs),
-\( V) is the voltage difference (in Volts).



However, for transmission lines, a more practical formula based on line geometry and dielectric
properties applies:

\[

C = \frac{2\pi \varepsilon} {\In\left(\frac{D} {r}\right) }
\]

where:

-\(\varepsilon \) is the absolute permittivity of the dielectric medium (air, insulation),
-\( D)) is the spacing between conductors,
-\(r)) is the radius of the conductor.

In the case of capacitance-to-neutral, the relevant parameters are:

\[
C {neutral} = \frac{\pi \varepsilon}{\In\left(\frac{D}{r}\right)}
\]

for a single conductor relative to neutral, considering the neutral as an infinite ground plane.

Steps to Calculate C in F/m

1. Determine the dielectric constant (\( \varepsilon r\)) of the medium:
- For air, \( \varepsilon r\approx 1),
- For insulation, \( \varepsilon r\) varies depending on material.

2. Calculate the absolute permittivity:
\[

\varepsilon = \varepsilon 0 \times \varepsilon r
\]
where \( \varepsilon 0 = 8.854 \times 10™{-12} \, \text{F/m} \).

3. Identify the geometric parameters:

- Conductor radius \(r\),

- Spacing between conductors \( D \).

4. Apply the formula:

\[

C {neutral} = \frac{\pi \varepsilon}{\In(D/r)}
\]

5. Express the result in F/m.

Example Calculation

Suppose:



- Conductor radius \(r =1\, \text{cm} = 0.01\, \text{m}\),
- Spacing \( D = 3\, \text{m} ),
- Medium: air, \( \varepsilon r = 1).

Calculate:

\[
\varepsilon = 8.854 \times 10" {-12} \times 1 = 8.854 \times 10" {-12} \, \text{F/m}

\]

\[

C {neutral} = \frac{\pi \times 8.854 \times 10" {-12}}{\In(3/0.01)} \approx \frac{2.782 \times

107~ {-11}}{\In(300)} \approx \frac{2.782 \times 10~ {-11}}{5.703} \approx 4.88 \times 10~ {-12} \,
\text{F/m}

\]

This low capacitance value indicates the charging capability per meter.

Calculating Admittance-to-neutral (Y) in S/km

Understanding Admittance in Power Lines

Admittance reflects how easily the system allows AC current flow through its capacitive and resistive
pathways. In high-voltage lines, susceptance (the imaginary part of admittance) dominates the
admittance calculation.

Relation Between Capacitance and Susceptance

Since susceptance \( B ) is related to capacitance \( C\) by:

\[
B =\omega C
\]

where:

-\(\omega = 2 \pi f\),
-\(f\) is the system frequency (typically 50 or 60 Hz).

The total admittance to neutral per unit length is:

\[
Y'=jB =j\omega C



\]

Expressed in S/km, the formula becomes:

\[
Y {neutral} = 2 \pi f C \times 10"~ {-3}
\]

because \( C)) is in F/m, and multiplying by 1000 converts meters to kilometers.

Steps to Calculate Y in S/km

1. Identify the system frequency \( f'\):
- Commonly 50 Hz or 60 Hz.

2. Use the calculated or known capacitance \( C ) in F/m.

3. Calculate susceptance:

\[
B=2\pifC
\]

4. Convert to S/km:

\[

Y {neutral} = B \times 10~ {3}
\]

Alternatively, directly:

\[
Y {neutral} = 2 \pi f C \times 10™~{3}
\]

but since \( C) is in F/m, the final expression simplifies to:
\[

Y {neutral} = 2 \pi f C \times 10"~ {-3} \quad \text{S/km}
\]

depending on unit consistency.

Example Calculation

Using the previous example where \( C = 4.88 \times 10" {-12} \, \text{F/m} \), and \( f = 50,
\text{Hz} \):

\[



Y {neutral} = 2 \pi \times 50 \times 4.88 \times 10" {-12} \times 10"~ {3}
\]

Calculating:

\[
Y {neutral} \approx 6.2832 \times 50 \times 4.88 \times 10" {-12} \times 10" {3}

\]

\[
Y {neutral} \approx 314.16 \times 4.88 \times 10"~ {-12} \times 10" {3}

\]
\[
Y {neutral} \approx 1.532 \times 10~{-9} \, \text{S/km}
\]

This tiny susceptance indicates a very low susceptive admittance per kilometer under the assumed
parameters.

Practical Considerations and Applications

Importance of Accurate Calculations

- Ensuring system stability during light loads.
- Designing insulation and shielding.
- Calculating charging currents and reactive power.

Factors Affecting Capacitance and Admittance

- Conductor geometry: size, shape, and spacing.

- Grounding and insulation properties.

- Environmental conditions: humidity, temperature, and proximity to other objects.
- Material dielectric properties.

Applications in Power System Design

- Voltage regulation: understanding how charging currents affect voltage levels.
- Protection coordination



Frequently Asked Questions

How do you calculate the capacitance-to-neutral in F/m for a
three-phase system?

To calculate the capacitance-to-neutral in F/m, use the formula C = (2 m €0 € r1) / In(b/a), where ¢o is
the vacuum permittivity, € r is the relative permittivity of the insulation, 1 is the length, and a and b
are the conductor and shield radii respectively. For per-unit length, focus on the per-meter value
derived from the geometry and dielectric properties.

What is the method to find the admittance-to-neutral in S/km
for a three-phase system?

The admittance-to-neutral in S/km can be calculated using Y = jwC, where w is the angular
frequency (2mf) and C is the capacitance-to-neutral in F/m. Multiply the resulting admittance per
meter by 1000 to convert to S/km. This accounts for the capacitive susceptance of the line per unit
length.

Why is it important to know the capacitance-to-neutral and
admittance-to-neutral in power system analysis?

Knowing the capacitance-to-neutral and admittance-to-neutral helps in accurately modeling the
line's reactive effects, voltage regulation, and fault analysis. It is essential for designing reliable
insulation, ensuring system stability, and optimizing power flow in three-phase transmission
systems.

How do the physical parameters of conductors influence the
capacitance and admittance-to-neutral values?

The physical parameters such as conductor radius, spacing, dielectric properties, and line length
directly impact the capacitance-to-neutral. Larger spacing and smaller conductor radii increase
capacitance. These parameters also affect admittance, as higher capacitance results in higher
susceptance, influencing the line's reactive behavior.

Are there standard formulas or tables to quickly determine the
capacitance-to-neutral and admittance-to-neutral for common
three-phase configurations?

Yes, utility and engineering standards provide tables and empirical formulas for typical conductor
configurations. Additionally, software tools like EMTP, ATP, or MATLAB can model specific line
geometries to compute these parameters accurately, facilitating quick reference and design
optimization.



Additional Resources

Calculate The Capacitance-to-neutral In F/m And The Admittance-to-neutral In S/km For The Three-
phase

In power system engineering, understanding the electrical properties of transmission lines is
essential for ensuring efficient and reliable operation. Among these properties, capacitance and
admittance play pivotal roles in analyzing how three-phase transmission lines behave under various
load conditions. Specifically, calculating the capacitance-to-neutral (Cs) in farads per meter (F/m)
and the admittance-to-neutral (Yn) in siemens per kilometer (S/km) provides insights into the line's
reactive characteristics, influencing voltage regulation, power flow, and stability. This article delves
into the methodologies for deriving these parameters, emphasizing their importance in three-phase
power systems.

Understanding Capacitance and Admittance in Power Systems

Before diving into calculations, it is crucial to clarify what capacitance and admittance signify within
the context of transmission lines.

Capacitance-to-Neutral (Cn)

In a three-phase transmission line, each phase conductor is surrounded by a dielectric
medium—typically air—and is insulated from the ground or neutral conductor. The capacitance-to-
neutral quantifies the line's ability to store charge relative to its neutral point. It influences the
charging current that flows into the line when the system is energized, affecting voltage levels and
reactive power flow.

Admittance-to-Neutral (Yn)

Admittance is the measure of how easily a circuit or component allows current to flow when a
voltage is applied. The admittance-to-neutral specifically refers to the conductance and susceptance
between the line and neutral point, impacting how the line responds to changes in load and system
disturbances.

Theoretical Foundations for Calculations

Calculating these parameters involves understanding the physical and electrical characteristics of
the transmission line, including conductor configuration, spacing, diameter, and dielectric
properties.

Basic Transmission Line Model

The typical model used to analyze these parameters is the "nominal m model," which considers the
line's series inductance and shunt capacitance, along with conductance and susceptance
components. For high-voltage transmission lines, the conductance (G) and resistance (R) are often
negligible compared to susceptance and reactance at the operating frequency.



Key Parameters:
- Conductor Geometry: Spacing between conductors and between phases.
- Conductor Dimensions: Diameter of conductors influences capacitance.

- Dielectric Properties: Permittivity of air or insulation material.
- Line Length: Usually considered per unit length (per meter or per kilometer).

Calculating Capacitance-to-neutral (Cx») in F/m

The capacitance per unit length between a single conductor and ground (or neutral) can be derived
using electrostatic principles, often simplified for symmetrical three-phase lines.

Step 1: Determine the Geometric Mean Radius (GMR)

The GMR accounts for the conductor's physical dimensions and the effect of the conductor's shape:
\[ \text{GMR} = r \times e~ {-\frac{1}{n}} \]

where:

-\(r\) = radius of the conductor,

-\(n\) = number of equivalent conductors in the bundle (if applicable).

In most cases, for a single conductor:

\[ \text{ GMR} \approx r \]

Step 2: Calculate the Capacitance per Unit Length

Using electrostatics, the capacitance per unit length between a conductor and ground (neutral) is
given by:

\[ C' = \frac{2 \pi \varepsilon 0}{\In \left( \frac{D}{\text{ GMR}} \right)} \]
where:
-\(\varepsilon 0\) = permittivity of free space (~8.854 x 10-12 F/m),

-\( D) = distance from the conductor to the ground or neutral conductor.

For a three-phase line, this calculation is typically performed for each phase conductor relative to
the neutral.

Step 3: Adjust for Multiple Conductors and Line Configuration

In three-phase systems with bundled conductors or specific configurations, the effective GMR and
distances are adjusted accordingly. For bundled conductors, the effective GMR considers the
spacing within the bundle.

Example Calculation:

Suppose a single phase conductor has:



-Radius\(r=1.0\,cm = 0.01\,m \),
- Distance to neutral \( D = 20\,m \).

Then:

\[ C' = \frac{2 \pi \times 8.854 \times 10" {-12} } {\In (20/0.01)} \]
\[ C' = \frac{55.58 \times 10~ {-12}}{\In (2000)} \]

\[ C' = \frac{55.58 \times 10" {-12} }{7.601} \]

\[ C' \approx 7.3 \times 10~ {-12}\,F/m \]

Thus, the capacitance-to-neutral per meter is approximately 7.3 picofarads (pF/m).

Calculating Admittance-to-neutral (Yn) in S/km

Admittance encompasses conductance (G) and susceptance (B), but in high-voltage lines,
susceptance dominates due to the line's capacitive nature.

Step 1: Determine Line Susceptance (B)
Susceptance per unit length is directly related to the line's capacitance:
\[B'=2\pifC"\]

where:
-\(f\) = system frequency (~50 or 60 Hz).

For the previous example with \( C' \approx 7.3 \times 10" {-12} F/m \):
At 50 Hz:

\[ B' = 2 \pi \times 50 \times 7.3 \times 10" {-12} \]

\[ B' \approx 2 \times 3.1416 \times 50 \times 7.3 \times 10" {-12} \]

\[ B' \approx 6.2832 \times 50 \times 7.3 \times 10~ {-12} \]

\[ B' \approx 314.16 \times 7.3 \times 10~ {-12} \]

\[ B' \approx 2.29 \times 10™{-9}\,S/m \]

Step 2: Convert to S/km

Since the susceptance is per meter, convert to per kilometer:

\[Y' = B' \times 1000\,m/km \]



MY =2.29 \times 107 {-9} \times 1000 \]
\[Y'=2.29 \times 10"~ {-6}\,S/km \]

Expressed in micro-siemens per km, this is approximately 2.29 nS/km.

Practical Significance of These Parameters
The calculations above, while simplified, offer vital insights into the line's reactive behavior:

- Voltage Regulation: Capacitance-to-neutral causes a charging current that can raise the voltage at
the sending end, especially during light load conditions.

- Reactive Power Management: The line's susceptance influences reactive power flow, which impacts
power factor correction and system stability.

- Line Design Optimization: Engineers use these parameters to select conductor sizes, spacing, and
insulation levels to minimize losses and maintain voltage stability.

Factors Influencing Capacitance and Admittance
Several factors can alter the calculated values, necessitating adjustments in real-world applications:

- Conductor Geometry: Bundled conductors reduce GMR and increase capacitance.

- Line Length and Configuration: Longer lines have higher total capacitance and susceptance.

- Environmental Conditions: Temperature and humidity can slightly affect dielectric properties.

- Frequency Variations: While power systems typically operate at a fixed frequency, any variation
impacts susceptance calculations.

Advanced Considerations and Modern Tools

With the advent of sophisticated simulation software, power system engineers now utilize tools like
EMTP (Electromagnetic Transients Program) or software modules within CAD platforms to perform
precise calculations, accounting for complex configurations and real-time conditions.

These tools incorporate detailed geometrical data, environmental factors, and material properties,
enabling engineers to optimize line design and operation with higher accuracy compared to
simplified analytical formulas.

Conclusion

Calculating the capacitance-to-neutral (F/m) and admittance-to-neutral (S/km) for three-phase
transmission lines is fundamental in power system analysis. These parameters influence voltage
stability, reactive power flow, and overall system reliability. While simplified formulas provide a solid
foundation, practical applications often require detailed modeling and consideration of specific line



configurations. As power systems evolve with increased demands and integration of renewable
sources, understanding and accurately calculating these electrical characteristics become ever more
critical for engineers striving to maintain efficient and resilient power transmission networks.
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