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Understanding the electrical characteristics of long transmission lines is essential for power system

analysis and design. In particular, the per-unit length parameters—namely the admittance (Y) and the

reactance (X)—serve as fundamental indicators of how the line behaves under different loading

conditions. This article delves into the specifics of a three-phase long transmission line characterized

by a length of 400 km operating at 60 Hz, with per-unit length parameters of Y = 13.2 × 10^-3 S/km

and X = 10 × 10^3 Ω/km, often denoted as 13.2 X 10^3 Ω/km. We will explore their significance,

calculation methods, and implications for power system stability and efficiency.

---

Understanding the Per-unit System and Its Significance

What Are Per-unit Parameters?

The per-unit (pu) system is a normalized method used in power system analysis to simplify the

calculation of electrical quantities across different voltage levels and equipment sizes. By expressing

system parameters relative to a base value, engineers can perform calculations more efficiently and

compare components easily.



Key points about per-unit parameters:

- They provide a common basis for different voltage levels.

- Simplify complex calculations involving transformers and lines.

- Facilitate the analysis of system stability, fault levels, and power flow.

Why Are Per-unit Length Parameters Important?

The per-unit length parameters of a transmission line—primarily the series reactance (X) and shunt

admittance (Y)—are crucial for:

- Calculating voltage regulation.

- Analyzing power flow.

- Determining fault currents.

- Assessing line stability under various load conditions.

---

Detailed Analysis of the Line Parameters

Given Data Overview

For the line under consideration:

- Length, \(L = 400\, km\)

- Frequency, \(f = 60\, Hz\)

- Per-unit shunt admittance, \(Y_{per\, km} = 13.2 \times 10^{-3}\, S/km\)

- Per-unit series reactance, \(X_{per\, km} = 10 \times 10^{3}\, \Omega/km\)

Note: The notation Y 13.2 X 10 3/km indicates the per-unit admittance and reactance per kilometer.



Calculating Total Line Parameters

To analyze the entire line, total series reactance and shunt admittance are obtained by multiplying the

per-unit length values by the total length:

Total Series Reactance:1.

\[

X_{total} = X_{per\, km} \times L = (10 \times 10^{3}\, \Omega/km) \times 400\, km = 4,000,000\,

\Omega

\]

Total Shunt Admittance:2.

\[

Y_{total} = Y_{per\, km} \times L = (13.2 \times 10^{-3}\, S/km) \times 400\, km = 5.28\, S

\]

Implication: These total parameters are essential for modeling the entire line in power system studies.

---

Significance of the Parameters in Power System Analysis

Impact on Voltage Regulation and Power Flow

- The series reactance (X) influences the voltage drop along the line.

- A higher reactance leads to larger voltage drops, affecting voltage regulation.

- The shunt admittance (Y) models the line's capacitive effects and influences reactive power flow.



Fault Analysis and Short-Circuit Levels

- Accurate knowledge of line parameters helps determine fault currents.

- The total reactance plays a vital role in setting the impedance seen during faults, influencing

protective device coordination.

Line Stability and Losses

- The inductive reactance causes reactive power consumption, impacting system stability.

- Losses are primarily due to resistance; however, in this context, the reactance dominates the line's

impedance.

---

Practical Applications and Design Considerations

Line Modeling in Power System Studies

- The calculated total parameters are used in the nominal pi model for long lines.

- This model simplifies the analysis of voltage profiles and power flow.

Design Optimization

- Engineers can modify line parameters by changing conductor types or configurations.

- Reducing reactance or admittance can improve voltage regulation and reduce losses.



Operational Strategies

- Power system operators utilize these parameters to optimize load flow.

- During system disturbances, understanding these parameters aids in quick fault isolation and system

restoration.

---

Conclusion

The per-unit length parameters of a 215-xv, 400-km, 60-Hz, three-phase long transmission

line—specifically the shunt admittance of 13.2 × 10^-3 S/km and the series reactance of 10 × 10^3

Ω/km—are fundamental for accurate modeling and analysis of the power system. These parameters

determine how the line influences voltage regulation, power flow, fault behavior, and overall system

stability. By understanding and accurately calculating these values, electrical engineers can optimize

transmission line performance, ensure system reliability, and facilitate efficient power delivery across

vast distances.

---
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Frequently Asked Questions



What are the per-unit length parameters of the 215-xv, 400-km

long, 60-Hz three-phase transmission line?

The per-unit length parameters are given as Y = 13.2 × 10³ S/km and X = 13.2 × 10³ Ω/km (assuming

the notation is for susceptance and reactance).

How do the per-unit series reactance and shunt admittance affect the

performance of the 400-km long transmission line?

The series reactance influences the voltage drop and power transfer capability, while the shunt

admittance affects reactive power flow and voltage regulation along the line.

What is the significance of the given per-unit length parameters in

power system analysis?

They allow simplified calculations of voltage, current, and power flow, enabling engineers to model and

analyze long transmission lines efficiently without dealing with complex absolute values.

How can the total line parameters be calculated from the given per-

unit values?

Total parameters can be obtained by multiplying the per-unit values by the total line length: for Y, total

shunt admittance = 13.2 × 10³ S/km × 400 km; similarly for X, total reactance = 13.2 × 10³ Ω/km × 400

km.

What assumptions are typically made when using per-unit parameters

for long transmission lines?

Assumptions often include uniform line parameters along the entire length, negligible line losses other

than those represented by the per-unit parameters, and steady-state sinusoidal operation at the

specified frequency.



Why is the frequency of 60 Hz important in the context of these line

parameters?

Frequency affects the reactance and susceptance values; since reactance X is frequency-dependent

(X = 2πfL), knowing the frequency ensures accurate modeling of the line's reactive characteristics.

How do the per-unit parameters influence the calculation of voltage

regulation and efficiency in power transmission?

They determine the voltage drops and reactive power flow, which are critical for assessing voltage

regulation and overall efficiency of power transfer over long distances.

What practical considerations should engineers keep in mind when

designing or analyzing a line with these parameters?

Engineers should consider line losses, corona effects, insulation requirements, and the impact of these

parameters on stability, fault analysis, and system reliability to ensure optimal operation.

Additional Resources
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Introduction

In the realm of power systems engineering, understanding the electrical characteristics of transmission

lines is fundamental for effective design, operation, and fault analysis. Among these characteristics, the

per-unit length parameters—namely, the series impedance (comprising resistance and inductive



reactance) and shunt admittance (comprising conductance and susceptance)—serve as essential tools

for simplifying complex calculations and ensuring system stability. This article delves into the analysis

of a specific long-distance, three-phase transmission line characterized by its per-unit length

admittance, denoted as Y = 13.2 × 10⁻³ S/km.

The line in question is specified as a 215-xv, 400-km, 60-Hz transmission line. While the notation may

appear technical, it encapsulates critical details: the line's voltage level (probably 215 kV), its length,

and the operational frequency. The focus here is on the per-unit length parameters—particularly the

admittance—and their implications for system analysis.

---

Understanding the Key Parameters

What Are Per-unit Length Parameters?

Per-unit (pu) parameters are normalized quantities used in power system analysis to facilitate

comparison and calculation across different voltage levels and line lengths. They convert physical

quantities like resistance, reactance, and admittance into fractions of base quantities, simplifying

calculations and enabling easier system scaling.

For a transmission line, the primary per-unit parameters are:

- Series impedance per unit length (Z₀): Accounts for resistance (R) and inductive reactance (X).

- Shunt admittance per unit length (Y₀): Represents line capacitance, conductance, and susceptance.

Focus on Shunt Admittance (Y)

In this context, the given per-unit length admittance is Y = 13.2 × 10⁻³ S/km. This parameter primarily

models the line's capacitance and leakage effects, which are crucial in long-distance transmission

where line charging currents can influence voltage regulation and stability.



---

Breakdown of the Line Parameters

Line Length and Its Significance

The line length is 400 km, indicating a long-distance transmission. Such lines experience notable

effects from line capacitance and susceptance, impacting voltage profiles, reactive power flow, and

stability.

Frequency Considerations

The frequency of 60 Hz is the standard power system frequency in many regions, influencing the

reactance and susceptance calculations, as these are frequency-dependent.

The Notation "215-xv"

While the notation "215-xv" appears somewhat ambiguous, it likely refers to the line's nominal voltage

level, possibly 215 kV (kilovolts). This voltage level influences the base impedance and admittance

calculations, as per-unit quantities depend on the chosen base quantities.

---

Calculating Line Parameters from Per-unit Values

Establishing Base Quantities

To analyze the line effectively, engineers select base quantities such as:

- Base Voltage (Vₙ): Typically the nominal line-to-line voltage (e.g., 215 kV).

- Base Power (Sₙ): Usually 100 MVA or 1 MVA depending on the system.



From these, the base impedance (Zₙ) is calculated as:

\[

Z_b = \frac{V_b^2}{S_b}

\]

where:

- \( V_b \) = base voltage (line-to-line)

- \( S_b \) = base apparent power

Calculating Series Impedance and Admittance

Once the base impedance is established, the actual per-unit impedance and admittance can be

converted to physical values:

\[

Z_{actual} = Z_{pu} \times Z_b

\]

\[

Y_{actual} = Y_{pu} \times Y_b

\]

Given the per-unit admittance Y = 13.2 × 10⁻³ S/km, and the total line length of 400 km, the total

shunt admittance becomes:

\[

Y_{total} = Y \times \text{Line Length} = 13.2 \times 10^{-3} \times 400 = 5.28 \, \text{S}

\]

This total admittance influences the line's charging current and reactive power flow, especially critical



in long-distance transmission.

---

Implications of the Per-unit Admittance

Voltage Regulation and Reactive Power

The line's capacitive nature, characterized by the shunt admittance, affects voltage regulation. During

light load conditions, the line's capacitance can supply reactive power, helping maintain voltage levels

at the receiving end. However, excessive capacitance can lead to overvoltages, necessitating reactive

power compensation devices like shunt reactors or capacitors.

Power Flow and Stability

High shunt admittance increases the line's charging current, which can influence power flow

calculations and system stability margins. Accurate modeling of the admittance is vital for load flow

studies, contingency analysis, and stability assessments.

Line Losses and Efficiency

While the per-unit resistance (not specified here) directly impacts line losses, the admittance's role is

more indirect, affecting voltage profiles and reactive power flows, which in turn influence efficiency.

---

Modeling and Simulation Considerations

Equivalent Circuit Representation

For system analysis, the transmission line is often modeled as a π-equivalent circuit comprising:



- Series impedance (Z): Resistance and reactance.

- Shunt admittance (Y): Capacitance effects, split equally between the sending and receiving ends.

The given per-unit admittance allows engineers to accurately incorporate these effects into simulations,

ensuring realistic modeling of long-distance transmission.

Line Compensation Strategies

Given the significant admittance value, operators may implement reactive power compensation

strategies such as:

- Shunt Capacitors: To counteract inductive effects and improve voltage regulation.

- Series Reactors: To limit overvoltages caused by line charging.

Proper understanding of the per-unit parameters guides these strategies, optimizing transmission

efficiency and stability.

---

Analytical Challenges and Considerations

Frequency Dependence

Since the susceptance component of admittance depends on frequency, any deviations from nominal

frequency (60 Hz) can alter the line's reactive characteristics, affecting voltage stability and power flow.

Temperature and Environmental Effects

Line parameters can vary with temperature, conductor sag, and environmental conditions. While the

per-unit model simplifies calculations, real-world applications necessitate adjustments for these factors.



Impact on Power System Planning

Accurate knowledge of the line's per-unit admittance influences system planning decisions, including:

- Voltage level selection

- Reactive power compensation sizing

- Protection system design

---

Conclusion

The per-unit length parameters of a long-distance, three-phase transmission line provide vital insights

into its electrical behavior and operational characteristics. Specifically, the admittance value Y = 13.2 ×

10⁻³ S/km signifies a substantial capacitive effect, especially over 400 km, influencing reactive power

flow, voltage regulation, and system stability.

Understanding and accurately modeling these parameters enable engineers to design more reliable

and efficient power systems, optimize reactive power compensation, and anticipate potential system

issues under various loading conditions. As power transmission distances increase and system

complexities grow, the importance of detailed per-unit parameter analysis becomes ever more critical

in ensuring the resilience and robustness of electrical infrastructure.

---
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