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Understanding the relationship between line voltage and phase voltage in electrical systems is
fundamental for electrical engineers, technicians, and students alike. When dealing with power
systems, especially those involving delta (Δ) and star (Y) configurations, it becomes crucial to
accurately determine these voltages to ensure proper system design, operation, and safety. This
article delves into the calculations of line voltage and phase voltage in circuits where the source is
connected in a delta configuration and the load is connected in a star configuration. We will explore
the theoretical concepts, formulas, and practical steps to perform these calculations effectively.

Introduction to Power System Configurations

Before diving into the calculations, it's essential to understand the basic configurations of three-
phase systems and their significance.

Delta (Δ) and Star (Y) Connections

- Delta (Δ) Connection: In a delta connection, each of the three sources or loads is connected end-to-
end to form a closed loop resembling a triangle. The line voltage in this configuration is equal to the
voltage across each phase, but the line current differs from the phase current.

- Star (Y) Connection: In a star connection, one end of each phase winding is connected to a common
neutral point, forming a 'Y' shape. The phase voltage is the voltage across each phase, while the line
voltage is the voltage between any two line conductors.

Relevance in Power Systems

- Delta sources are often used in generators and transformers because they can provide a path for
circulating currents, helping to balance unbalanced loads.

- Star loads are common in residential and industrial applications, providing a neutral point for
single-phase loads and reducing voltage stress.

Understanding Voltage Relationships in Delta and Star



Systems

The core of the calculations revolves around understanding how line and phase voltages relate in
delta and star configurations.

In Delta (Δ) Systems

- Line Voltage (VL): The voltage measured between any two line conductors.

- Phase Voltage (Vph): The voltage across each phase winding or load.

- Relationship:

\[
V_L = \sqrt{3} \times V_{ph}
\]

This means the line voltage is \(\sqrt{3}\) times the phase voltage in a delta connection.

In Star (Y) Systems

- Line Voltage (VL): The voltage between two line conductors.

- Phase Voltage (Vph): The voltage across each load or winding connected from line to neutral.

- Relationship:

\[
V_L = \sqrt{3} \times V_{ph}
\]

Similar to delta systems, the line voltage is \(\sqrt{3}\) times the phase voltage.

- Note: In a star-connected load, the phase voltage equals the line-to-neutral voltage, and the line
current relates to the phase current as:

\[
I_L = \sqrt{3} \times I_{ph}
\]

Key Point: Both delta and star configurations exhibit the same voltage relationship, but the current
relationships differ.



Calculating Line Voltage and Phase Voltage in a Delta
Source with Star Load

In the scenario where a delta source supplies a star-connected load, the primary goal is to determine
the line and phase voltages at various points in the circuit. Here's a step-by-step approach.

Given Data

- Source configuration: Delta (Δ)

- Load configuration: Star (Y)

- Known parameters:

- Line-to-line (or source) voltage, \(V_{L}\)

- Load impedance or load voltage, if provided

Step 1: Determine Source Line Voltage

The source is connected in delta configuration, so the line voltage directly corresponds to the source
voltage:

\[
V_{L} = V_{source}
\]

- For example, if the delta source provides a line-to-line voltage of 400 V, then:

\[
V_{L} = 400\,V
\]

Step 2: Calculate Source Phase Voltage

In a delta configuration:

\[
V_{ph} = \frac{V_{L}}{\sqrt{3}}
\]

- Using the example:

\[



V_{ph} = \frac{400\,V}{\sqrt{3}} \approx 231\,V
\]

This phase voltage is applied across each load phase in the star-connected load.

Step 3: Determine Load Line and Phase Voltages

Since the load is star-connected:

- Load Phase Voltage:

\[
V_{ph, load} = V_{L, source} \times \text{(Voltage ratio, if applicable)}
\]

- Load Line Voltage:

\[
V_{L, load} = \sqrt{3} \times V_{ph, load}
\]

In many practical cases, the load's phase voltage is directly supplied from the source, assuming ideal
conditions and no voltage drops.

Step 4: Calculating Currents

To complete the analysis, currents in the system should be considered:

- Source Line Current:

\[
I_{L} = \frac{V_{L}}{Z_{L}}
\]

- Load Line and Phase Currents:

- For a star load:

\[
I_{ph} = \frac{V_{ph, load}}{Z_{load}}
\]

\[
I_{L} = \sqrt{3} \times I_{ph}
\]

Note: Here, \(Z_{load}\) is the load impedance per phase.



Practical Example: Calculating Voltages in a Delta
Source and Star Load Circuit

Suppose we have the following data:

- Delta source line-to-line voltage: 415 V

- Load: Star-connected with impedance per phase: 10 Ω

- Assuming ideal conditions (no line losses)

Step 1: Calculate Source Phase Voltage

\[
V_{ph} = \frac{V_{L}}{\sqrt{3}} = \frac{415}{\sqrt{3}} \approx 240\,V
\]

Step 2: Calculate Load Phase Current

\[
I_{ph} = \frac{V_{ph}}{Z_{load}} = \frac{240\,V}{10\,Ω} = 24\,A
\]

Step 3: Calculate Load Line Current

\[
I_{L} = \sqrt{3} \times I_{ph} = \sqrt{3} \times 24\,A \approx 41.57\,A
\]

Step 4: Confirm Line Voltage and Currents

- The line-to-line voltage supplied to the load remains at 415 V.

- The line current is approximately 41.57 A.

This example illustrates how phase and line voltages relate and how to determine current
magnitudes in such circuits.



Additional Considerations for Real-World Applications

While the above calculations assume ideal conditions, real-world systems require accounting for
factors such as:

- Voltage drops across conductors and transformers.

- Impedance imbalances in the load.

- Power factor effects, which influence the apparent, active, and reactive power.

- Safety margins and adherence to electrical standards.

Summary of Key Formulas

| Scenario | Relationship | Formula | Notes |
|------------|----------------|---------|--------|
| Delta source line-to-line voltage | Given | \(V_{L} = V_{source}\) | Direct measurement |
| Delta source phase voltage | Derived | \(V_{ph} = V_{L} / \sqrt{3}\) | Needed for load calculations
|
| Star load line-to-line voltage | Derived | \(V_{L} = \sqrt{3} \times V_{ph}\) | For load connection |
| Star load phase voltage | Equal to line-to-neutral | \(V_{ph} = V_{L} / \sqrt{3}\) | Power supply to
each phase |
| Line current in star | \(I_{L} = \sqrt{3} \times I_{ph}\) | For load currents |

Final note: Always verify the configuration and parameters before performing calculations. Accurate
measurements and understanding of system connections are fundamental to ensuring correct
voltage and current determinations.

Conclusion

Calculating line voltage and phase voltage in circuits involving delta sources and star loads is
essential for designing, analyzing, and troubleshooting three-phase power systems. Recognizing the
relationships and applying the correct formulas ensures safe and efficient operation. Whether
working on power generation, transmission, or distribution systems, the principles outlined in this
article provide a solid foundation for understanding and performing these critical calculations.
Always consider system specifics and real-world factors to refine your analysis and ensure
compliance with safety standards.

Frequently Asked Questions



What is the difference between delta source and star load
configurations in a circuit?
A delta source configuration connects the load in a triangle shape, providing a line-to-line
connection, while a star load connects in a Y shape, with each load connected to a common neutral
point. The main difference lies in their connection method, affecting voltage and current
distribution.

How do you calculate line voltage in a delta source circuit?
In a delta source, the line voltage equals the phase voltage, so V_line = V_phase. If the phase voltage
is known, the line voltage can be directly taken as that value.

How is phase voltage determined in a star load circuit?
In a star load, the phase voltage is the line-to-neutral voltage, which can be calculated if the line-to-
line voltage is known using the relation V_phase = V_line / √3.

What is the formula to calculate line voltage from phase
voltage in a delta load?
In a delta load, the line voltage is equal to the phase voltage, so V_line = V_phase. Therefore, if
phase voltage is known, line voltage can be directly obtained.

How do you find phase voltage of a circuit with a given line
voltage in a star load?
The phase voltage in a star load is calculated as V_phase = V_line / √3. So, if the line voltage is
known, divide it by √3 to find the phase voltage.

Why is it important to distinguish between line and phase
voltages in circuit analysis?
Understanding the distinction is crucial because the calculations for power, current, and voltage
depend on whether you're dealing with line-to-line or line-to-neutral values, especially in delta and
star configurations.

Given a circuit with a delta source and star load, how do you
approach calculating the line and phase voltages?
First, identify the source and load configurations, then use the appropriate relations: in delta
sources, line voltage equals phase voltage; in star loads, phase voltage can be found from line
voltage by dividing by √3. Apply these relations to find the unknown voltages.



What are typical applications where delta source and star load
configurations are used?
Delta sources are commonly used in industrial power systems for their ability to handle high
voltages, while star loads are typical in residential and commercial distribution systems for safety
and voltage stability.

Additional Resources
For The Circuit Below Are Delta Source And Starload: Calculate:-1- Line Voltage & Phase
Voltage

Understanding the intricacies of electrical circuits, especially those involving different
configurations like delta (Δ) and star (Y), is fundamental for electrical engineers, technicians, and
students alike. These configurations are used extensively in power systems to optimize voltage
levels, improve efficiency, and ensure safety. This article provides a comprehensive analysis of a
specific circuit where a delta-connected source supplies a star-connected load, focusing on
calculating the line and phase voltages involved. By delving into the characteristics, relationships,
and calculations pertinent to these configurations, readers will gain a thorough understanding of the
behavior of such systems and the methodology to analyze them accurately.

---

Introduction to Delta and Star (Y) Configurations

Before delving into the calculations, it is essential to understand the fundamental differences
between delta and star configurations, their typical applications, and their electrical characteristics.

Delta (Δ) Connection

- Definition: In a delta connection, the ends of each of the three windings are connected to form a
closed loop resembling a triangle.
- Connections: The three line conductors connect to the junctions of the coils.
- Voltage Relationships: The line voltage is equal to the phase voltage in a delta connection.
- Current Relationships: The line current is related to phase current by the factor \(\sqrt{3}\), i.e.,
\(I_{L} = \sqrt{3} \times I_{ph}\).

Applications: Delta configurations are favored in high-power applications due to their ability to
handle higher voltages and currents.

Star (Y) Connection

- Definition: In a star connection, one end of each of the three windings is connected to a common



neutral point, with the other ends connected to the line conductors.
- Connections: The neutral point provides a reference point, and the line conductors connect to the
unconnected ends.
- Voltage Relationships: The line voltage is \(\sqrt{3}\) times the phase voltage, i.e., \(V_{L} =
\sqrt{3} \times V_{ph}\).
- Current Relationships: The line current equals the phase current in a star connection.

Applications: Star configurations are typically used in low-voltage systems or for providing a neutral
point for grounding.

---

Understanding the Circuit Configuration

In the scenario under consideration, a delta-connected source supplies a star-connected load. Such a
configuration is common in power distribution systems, where the generator or supply side is delta-
connected, and the load side uses a star connection to provide neutral grounding and facilitate
voltage regulation.

Key Aspects:

- Source: Delta-connected, with a specified line-to-line (or line-to-line) voltage.
- Load: Star-connected, with a specified line-to-neutral (phase) voltage.
- Objective: To determine the line and phase voltages in the load, given the source configuration and
voltages.

This setup often involves analyzing the voltage transformation between source and load, considering
the relationships between line and phase voltages in each configuration.

---

Calculating Line and Phase Voltages in the Given
Circuit

The core of this article hinges on the precise calculation of line and phase voltages in the circuit
described. To proceed systematically, we will examine the typical steps involved, making necessary
assumptions where data is not explicitly provided.

1. Identifying Known Data and Assumptions

- Source Voltage (Delta): Usually specified as line-to-line voltage, \(V_{L_{source}}\).
- Load Configuration: Star, with phase-to-neutral voltage \(V_{ph_{load}}\).
- Impedances: For simplicity, assume purely resistive loads or known impedances for each phase.



Example assumptions (for elaboration):

- \(V_{L_{source}} = 400\,V\) (common in industrial systems).
- The load impedance per phase is such that it draws a known current or produces a known phase
voltage.

2. Understanding Voltage Relationships in Delta and Star

Given that:

- For a delta source:

\[
V_{L_{source}} = V_{ph_{source}}
\]

- For a star load:

\[
V_{L_{load}} = \sqrt{3} \times V_{ph_{load}}
\]

and

\[
V_{ph_{load}} = \text{the phase-to-neutral voltage across each load winding}
\]

The challenge arises in relating these voltages across the source and load, especially when
considering the transformation and the nature of the connection.

3. Step-by-Step Calculation Approach

Step 1: Determine the phase voltage of the delta source.

\[
V_{ph_{source}} = V_{L_{source}} = 400\,V
\]

Since the source is delta-connected, the phase voltage (the voltage across each winding) equals the
line-to-line voltage.

Step 2: Determine the phase voltage of the star load.

The load is star-connected; the phase voltage is typically the line-to-neutral voltage.

Step 3: Establish the relationship between source and load voltages.



If the source and load are connected directly, the phase-to-neutral voltage seen by the load depends
on the source voltage and the impedance between them.

In a typical scenario without additional impedance, the phase voltage at the load is influenced by the
source voltage:

\[
V_{ph_{load}} = V_{ph_{source}}
\]

or

\[
V_{ph_{load}} = \frac{V_{L_{source}}}{\sqrt{3}}
\]

depending on the configuration.

Step 4: Calculate the load line-to-line voltage.

Given the load is star-connected:

\[
V_{L_{load}} = \sqrt{3} \times V_{ph_{load}}
\]

which allows us to compute the line-to-line voltage across the load.

Step 5: Final calculation of line and phase voltages:

- Line Voltage of Load:

\[
V_{L_{load}} = \sqrt{3} \times V_{ph_{load}}
\]

- Phase Voltage of Load:

\[
V_{ph_{load}} = \frac{V_{L_{load}}}{\sqrt{3}}
\]

In many practical cases, the load's phase voltage is dictated by the source voltage, assuming
negligible impedance effects.

---



Analytical Insights and Practical Considerations

While the above calculations provide a framework, several real-world factors influence the actual
voltages observed:

- Impedance and Load Characteristics: The presence of resistive, inductive, or capacitive elements
affects voltage drops and phase angles.
- Transmission Line Effects: Resistance and inductance of lines cause voltage drops, especially in
long-distance power transfer.
- Power Factor: The load's power factor influences the phase relationships and effective voltages.
- Transformer or System Impedances: In complex systems, transformers or other impedance
elements modify voltages further.

Important Note: The actual calculation often involves complex phasor analysis, considering
magnitudes and phase angles, especially in unbalanced or reactive systems.

---

Summary of Key Relationships and Formulas

| Configuration | Relationship between Line and Phase Voltages | Relationship between Line and
Phase Currents |
|----------------|------------------------------------------------|----------------------------------------------|
| Delta (Δ) | \(V_{L} = V_{ph}\) | \(I_{L} = \sqrt{3} \times I_{ph}\) |
| Star (Y) | \(V_{L} = \sqrt{3} \times V_{ph}\) | \(I_{L} = I_{ph}\) |

Applying these relationships correctly is crucial for accurate calculations and system analysis.

---

Conclusion and Final Remarks

The analysis of a circuit involving delta source and star load configurations exemplifies the
importance of understanding how different connection schemes influence voltage and current
relationships in power systems. Accurate calculation of line and phase voltages enables engineers to
design, troubleshoot, and optimize electrical systems effectively.

In real-world applications, these calculations underpin the safe and efficient operation of electrical
networks, from industrial plants to power distribution grids. Mastery of the underlying principles,
coupled with an understanding of the specific circuit parameters, ensures that engineers can predict
system behavior, prevent faults, and improve overall system reliability.

This comprehensive review underscores that, regardless of the specific circuit parameters, the
fundamental relationships between voltages and currents in delta and star configurations form the
backbone of electrical system analysis. As power systems continue to evolve with smart grids and



renewable energy sources, the principles discussed here will remain integral to understanding and
managing complex electrical networks.

---

Note: For precise numerical solutions, actual circuit data such as source voltage, load impedance,
and phase angles must be provided. The above discussion offers a framework adaptable to various
specific scenarios.
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