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Introduction to Medium Three Phase Transmission Lines

Transmission lines are the backbone of electrical power distribution systems,
enabling the transfer of electrical energy from generation stations to
distribution networks and end users. Among various types, medium-length
three-phase transmission lines—typically ranging from 50 km to 250 km-are
common in regional and sub-transmission networks. These lines are
characterized by their unique electrical constants, which significantly
influence their performance, efficiency, and design considerations.

In this article, we analyze a medium three-phase transmission line that 1is
100 km long, with a specified resistance of 0.25 ohms per km. The goal is to
understand the electrical parameters, calculations, and implications
associated with such a transmission line, providing comprehensive insights
for engineers and students in power systems.

Basic Parameters and Constants of the Transmission Line
Resistance (R)

Given:
- Resistance per km, \( R {per\,km} = 0.25\, \Omega/km \)
- Total resistance over 100 km:

\ [

R {total} = R {per\,km} \times \text{length} = 0.25\, \Omega/km \times 100\,
km = 25\, \Omega

\1

Resistance affects the power losses in the line and is a critical factor in
transmission efficiency.

Inductance (L)

While not provided explicitly, typical inductive reactance per km for medium
lines ranges from 0.4 to 0.8 mH/km, depending on the conductor configuration.



Assuming an average inductance:

\ [
L {per\,km} = 0.5\, mH/km = 0.0005\, H/km
\1

Total inductance:

\ [
L {total} = 0.0005\, H/km \times 100\, km = 0.05\, H

\1]
Capacitance (C)

Similarly, the line's capacitance per km depends on conductor spacing and
configuration. For a typical medium line, assume:

\ [
C {per\,km} = 10\, nF/km = 10 \times 10°{-9}\, F/km
\]

Total capacitance:

\[
C {total} = 10 \times 107{-9}\, F/km \times 100\, km = 1 \times 107{-6}\, F
\]

Propagation Constants

The per-unit-length constants are:

- Resistance: \( R \)

- Inductive reactance: \( X =2 \pi f L \)

- Capacitive susceptance: \( B =2 \pi f C \)

Where \( f \) is the frequency of operation, typically 50 Hz or 60 Hz.

Calculating the Line Parameters at 50 Hz
Inductive Reactance \( X \)

\ [
X =2 \pi f L {per\,km} \times \text{length}
\1

\ [

X = 2 \pi \times 50\, Hz \times 0.0005\, H/km \times 100\, km = 2 \pi \times
50 \times 0.0005 \times 100

\1



\ [
X =2 \pi \times 50 \times 0.05 = 2 \pi \times 2.5 \approx 15.7\, \Omega

\1]
Capacitive Susceptance \( B \)

\ [
B =2 \pi f C {per\,km} \times \text{length}
\1

\ [
B =2 \pi \times 50\, Hz \times 10 \times 107{-9}\, F/km \times 100\, km
\1

\ [
B =2 \pi \times 50 \times 10 \times 107{-9} \times 100 = 2 \pi \times 50

\times 10"{-6} = 2 \pi \times 0.00005 \approx 0.000314\, S
\1]

Modeling the Transmission Line: The m-Model

The m-model is widely used to analyze medium and long transmission lines. It
represents the line with series impedance and shunt admittance:

- Series impedance: \( Z =R + jX \)
- Shunt admittance: \( Y/2 \) at each end (total \( Y \))

Series Impedance \( Z \)

\ [
Z =R+ jX =25+ j15.7\, \Omega
\1]

Shunt Admittance \( Y \)

\ [
Y = jB = j0.000314\, S
\1]

Each shunt branch has:

\ [
Y {shunt} = \frac{jB}{2} = j0.000157\, S
\1

Power Flow and Line Losses



Sending End and Receiving End Voltages and Currents

Suppose the line transmits a line-to-line voltage \( V _{L} \) at the sending
end, e.g., 132 kV (typical for medium transmission). The phase voltage:

\ [

V_{ph} = \frac{V {L}}{\sqrt{3}} \approx \frac{132\, kV}{\sqrt{3}} \approx
76.2\, kV

\1]

Power Transfer Calculation

The apparent power \( S \), assuming a power factor \( pf \), is:

\ [
S = \sqrt{3} V {L} I {L}
\1]

The power transferred:

\ [

P =\sqrt{3} V {L} I {L} \times pf
\1]

Power Losses

The power loss in the line:

\ [
P {loss} = 3 I {phase}”2 R
\1]

Where \( I {phase} \) is the phase current.

Voltage Regulation and Efficiency
Voltage Regulation

Voltage regulation indicates how much the voltage at the receiving end drops
relative to the sending end:

\ [

\text{Regulation} = \frac{V_{no\,load} - V_ {full\,load}}{V {full\, load}}
\times 100\%

\1

Line Efficiency

Efficiency is calculated as:



\ [

\eta = \frac{\text{Power delivered to load}}{\text{Power supplied}} \times
100\%

\1

Since resistive losses are significant, minimizing \( R \) and optimizing
conductor properties is crucial.

Practical Considerations for Designing Medium Transmission Lines

Designing a 100 km medium-length line with the given constants involves
several key aspects:

1. Conductor Selection

- Material: Copper or Aluminum, with Aluminum being more common due to cost-
effectiveness.

- Size: Determined based on current-carrying capacity and resistive losses.
- Configuration: Trolley, bundled conductors, or single conductors depending
on voltage and current levels.

2. Insulation and Clearance

Adequate clearance to prevent flashovers.
Insulation materials rated for the operating voltage.

3. Tower and Support Structures

Proper spacing for mechanical stability.
Design to withstand environmental factors.

4., Loss Minimization

Use conductors with lower resistance.
Optimize conductor configuration to reduce inductance and capacitance
effects.

5. Protective Devices

- Surge arresters.
- Circuit breakers and relays for fault protection.

Impact of Resistance on Transmission Line Performance
The resistance value of 0.25 ohms/km has a direct impact on:

- Power losses: Higher resistance results in increased I”2R losses.



- Voltage drop: Increased resistance causes more significant voltage drops
along the line.

- Efficiency: To maintain efficiency, resistive losses should be minimized,
often influencing conductor choice and line design.

Calculating Power Losses for the 100 km Line
Assuming a line current \( I {ph} \), the total power loss:

\ [
P {loss} = 3 I {ph}"2 R {total}
\1

For example, if the line carries a current of 500 A:

\ [

P {loss} = 3 \times (500)72 \times 25 = 3 \times 250,000 \times 25 = 3 \times
6,250,000 = 18,750,000\, W = 18.75\, Mw

\1]

This significant loss emphasizes the importance of selecting conductors with
lower resistance and optimizing line parameters.

Summary and Conclusions

A comprehensive understanding of medium-length three-phase transmission lines
is essential for effective power system design and operation. The specific
case of a 100 km long line with resistance per km of 0.25 ohms illustrates
key concepts such as calculating total resistance, inductance, capacitance,
and their effects on power transmission, line losses, and voltage regulation.

By modeling the line using the m-model, engineers can analyze and optimize
performance, ensuring minimal losses and stable voltage profiles. Practical
factors like conductor material, configuration, and environmental
considerations are vital in designing efficient transmission lines.

In conclusion, the resistance value of 0.25 ohms/km significantly impacts the
line's efficiency, and careful planning is necessary to mitigate associated
losses. Proper selection of conductors, line configuration, and protective
equipment ensures reliable and

Frequently Asked Questions



What are the primary parameters to consider in a
medium three-phase transmission line that is 100 km
long?

The primary parameters include resistance per km, inductance per km,

capacitance per km, and conductance per km, which determine the line's
impedance, performance, and losses.

How does the resistance of 0.25 Q/km affect the
overall power loss in a 100 km transmission line?

The total resistance over 100 km is 25 Q, which causes power losses
calculated by I2R losses, significantly impacting efficiency, especially at
high current levels.

What is the significance of knowing the resistance
per km in designing a medium transmission line?

It helps in calculating voltage drops, power losses, and the line's
impedance, which are essential for ensuring efficient power transmission and
voltage regulation.

How do the line length and resistance per km
influence the voltage regulation of the transmission
line?

Longer lines with higher resistance increase voltage drops, leading to poorer

voltage regulation; understanding resistance per km helps in designing
compensation methods.

What additional line constants are important to
analyze alongside resistance in a medium three-phase
line?

Inductive reactance, capacitance, and conductance are also critical, as they

collectively determine the line's impedance, charging current, and overall
performance.

How can the resistance per km be used to estimate
the total line losses in a 100 km transmission line?

By multiplying the resistance per km by the total length and the square of
the current, you can estimate the line's I2R losses, aiding in efficiency
calculations.



What are typical methods to compensate for the
voltage drop caused by the resistance in a medium
transmission line?

Methods include installing voltage regulators, using reactive power
compensation devices like capacitor banks, and increasing conductor size to
reduce resistance.

Why is it important to consider the resistance value
in the context of load flow analysis for a 100 km
transmission line?

Resistance affects voltage drops and power losses, which are crucial for
accurate load flow analysis, ensuring reliable and efficient power delivery.

Additional Resources

In-Depth Analysis of a Medium Three-Phase Transmission Line: 100 km Length
with Resistance per Kilometer of 0.25 Q

Introduction to Transmission Line Fundamentals

Transmission lines are critical components of electrical power systems,
responsible for transporting electrical energy from generation sources to
distribution points or load centers. Their design and operation are governed
by principles of electromagnetism, circuit theory, and practical engineering
considerations. When analyzing a medium-length three-phase transmission
line—such as the 100 km line with given parameters—the primary focus is on
understanding how electrical quantities behave over distance, the line's
efficiency, voltage regulation, and power transfer capabilities.

Key Parameters of the Line

Understanding the line's physical and electrical characteristics is essential
for comprehensive analysis. The provided data indicates:

- Line Length: 100 km
- Resistance per km (R/km): 0.25 Q
- Total Resistance (R total): 0.25 Q/km x 100 km = 25 Q



While the problem explicitly states the resistance, it’'s vital to recognize
that transmission line modeling also involves inductance (L) and capacitance
(C). These parameters influence the line's reactive behavior.

Electrical Constants and Their Significance

Resistance (R)

Resistance accounts for the ohmic losses in the conductors. These losses
convert electrical energy into heat and are a primary cause of efficiency
reduction.

- Total Resistance: 25 Q for the entire 100 km line.
- Impact: Higher resistance increases I%R losses, reduces transmitted power,
and affects voltage regulation.

Inductive Reactance (X)

The inductance of the line causes reactive impedance, affecting voltage and
current phase relationships.

- Typical Values: For medium-length lines, inductance per unit length (L)
might be in the range of 1-2 mH/km.

- Calculation: X = 2nfL x length (where f is the system frequency, usually 50
or 60 Hz).

Capacitive Reactance (Xc)

Capacitance between conductors and ground influences voltage regulation and
stability, especially over long distances.

- Typical Values: Capacitance per km varies (e.g., 10-15 nF/km).
- Calculation: Xc =1 / (2nfC).

Surge Impedance (Zo)

The characteristic impedance of the line—comprising resistance, inductive
reactance, and capacitive reactance-is crucial for understanding voltage wave
propagation and reflections.



Modeling the Transmission Line: The m-Model
Approach

The m-model provides a detailed representation of a medium-length line,
incorporating both shunt (capacitive) and series elements:

- Series Impedance (Z): Comprises resistance (R) and inductive reactance (X).
- Shunt Admittance (Y): Incorporates the line's capacitance to ground.

Advantages:

- Accurately models voltage drops, power losses, and voltage regulation.
- Facilitates calculation of receiving and sending end voltages and currents.

Implementation:

- Calculate 7
- Determine Y

R + jX.
jwC per unit length scaled over the entire line.

Power Flow and Voltage Regulation Analysis

The core purpose of analyzing the transmission line involves understanding
how power is transmitted and how the line voltage regulation is maintained
under load conditions.

Power Transmission Capacity

- Maximum Power (Pmax): Limited by the line's thermal capacity and stability
considerations.

- Power Transfer Equation:

\ [

P = \frac{V_ s V r}{Z 0} \sin \delta

\1]

where \(V_s\) and \(V_r\) are sending and receiving end voltages, and

\ (\delta\) is the load angle.

- Impact of Resistance: Increased R reduces power transfer efficiency,
especially at higher load angles.



Voltage Regulation

- Defined as the difference between no-load and full-load voltage at the
receiving end.

- Influencing Factors:

- Resistance R causes voltage drops.

- Inductive reactance X leads to phase shifts.

- Capacitance affects over-voltage conditions at light loads.

Calculation Approach:

- Use phasor diagrams to analyze voltage drops.
- For a given load, compute the receiving end voltage and compare with the
sending end voltage.

Losses and Efficiency Considerations

Transmission line efficiency hinges on minimizing losses:

- Resistive Losses:

\ [

P {loss} = I"2 R

\1]

For a given power transfer, higher R results in increased losses.

- Reactive Power and Power Factor:
Reactive components due to inductance and capacitance impact the current
drawn, influencing I2?R losses.

- Efficiency (n):

\ [
\eta = \frac{\text{Power delivered to load}}{\text{Input power at sending

end}} \times 100\%
\]

Mitigation Strategies for Line Losses and
Voltage Regulation

Given the parameters, several engineering strategies can optimize line
performance:



- Use of Conductors with Lower Resistance:
Employing conductors with larger cross-sectional area or alternative
materials reduces R.

- Series Compensation:
Introducing capacitors in series can offset inductive reactance, improving
power transfer capacity and voltage stability.

- Shunt Compensation:
Installing shunt capacitors at intervals enhances voltage regulation and
reduces reactive power flow.

- Reactive Power Management:
Using reactive power compensation devices (like FACTS) ensures voltage
stability over the line.

Thermal Limitations and Conductor Sizing

The line's current-carrying capacity is limited by thermal constraints:

- Current Capacity (Imax):
Based on conductor size and material, and the permissible temperature rise.

- Impact of Resistance:
Higher R leads to increased I2R losses, necessitating larger conductors or
alternative solutions to prevent overheating.

Protection and Safety Considerations

Long transmission lines require robust protection schemes:

- Overcurrent Relays: Detect excessive currents indicative of faults.

- Distance Relays: Identify faults along segments of the line.

- Ground Fault Protection: Detect leakage currents to ground.

- Line Insulation and Grounding: Proper design prevents electrical hazards
and equipment damage.



Real-World Application and Optimization

In actual engineering practice, the design of a 100 km medium transmission
line considers:

- Economic Factors: Cost of conductors, equipment, and maintenance.

- Reliability: Ensuring minimal downtime through redundancy and protective
devices.

- Environmental Factors: Weather, terrain, and electromagnetic interference.
- Load Variability: Accommodating fluctuations in demand with flexible
control mechanisms.

Conclusion: Critical Insights and Practical
Implications

Analyzing a 100 km medium three-phase transmission line with a resistance of
0.25 Q/km reveals a complex interplay of electrical parameters influencing
power transfer efficiency, voltage regulation, and operational stability. The
significant total resistance of 25 Q necessitates careful design
considerations, including reactive power compensation, conductor selection,
and protective measures.

Key takeaways include:

- The importance of comprehensive modeling (m-model) to predict line behavior
accurately.

- Strategies to mitigate losses and improve voltage stability, such as series
and shunt compensation.

- The balance between economic costs and technical requirements to achieve
optimal performance.

- The necessity of protective devices to ensure safety and reliability.

In conclusion, the detailed understanding of such a medium-length
transmission line enables engineers to optimize system performance, ensure
efficient power delivery, and maintain system stability under various load
and fault conditions. Proper analysis and implementation of mitigation
measures are essential for the reliable operation of long-distance power
transmission infrastructure.

Note: This comprehensive review provides a foundational understanding; actual
engineering design would require precise values for inductance, capacitance,
system voltage, load conditions, and other parameters, often obtained through
measurements and detailed simulations.
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