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When a three-phase source supplies power to two parallel-connected three-phase loads, both

configured as Wye (Y) connected, understanding the behavior of currents in the system becomes

essential. This setup is common in industrial and commercial power distribution, where multiple loads

share a common source, and their interaction impacts overall system performance, efficiency, and

safety. The current flowing in each phase, as well as the line and load currents, depends on the load

characteristics, phase relationships, and the nature of the connection. In this article, we will explore the

fundamental principles of current behavior in such systems, analyze the factors influencing current

distribution, and discuss practical considerations for engineers and technicians managing these

configurations.

Understanding the Basic Configuration

Three-Phase Source and Load Connection

In a typical three-phase power system, the source provides three sinusoidal voltages, each phase

separated by 120°, and the loads are connected in a Wye (Y) configuration. In a Wye connection,

each load element (such as a resistor, motor, or other device) is connected between a phase line and

a common neutral point. When two such loads are connected in parallel across the same source, they



share the same phase voltages, but their current flow depends on individual load impedances and their

phase relationships.

Parallel Connection of Two Wye-Connected Loads

Connecting two Wye loads in parallel means that each load is independently connected between the

phase line and the neutral, and both loads are supplied from the same source. The key points include:

Both loads experience the same phase-to-neutral voltage from the source.

Each load draws current based on its impedance and phase angle.

The total current in each phase line is the algebraic sum of the currents drawn by both loads.

This configuration results in a combined load that can influence the current distribution, power factor,

and overall system stability.

Current Behavior in Parallel Wye-Connected Loads

Current in Each Load and Phase Line

The current flowing through each load depends on the load impedance and the phase-to-neutral

voltage. For each phase:



The individual load current (Iload) is determined by Ohm's law: Iload = Vphase / Zload.

The phase currents are generally sinusoidal, with phase angles determined by the load's power

factor angle.

When loads are balanced, the currents in each phase are equal in magnitude and symmetrically

spaced in phase.

The line current in each phase conductor (Iline) is the vector sum of the load currents in that phase.

For balanced loads:

Iline = √3 × Iphase

However, when loads are unbalanced, the currents differ in magnitude and phase angle, leading to

more complex current waveforms.

Effect of Load Impedances and Power Factors

The nature of each load's impedance significantly influences the current:

Resistive Loads: Currents are in phase with voltages, resulting in purely real power consumption.

Inductive Loads: Currents lag voltages by an angle φ, reducing the power factor and increasing

the reactive component.

Capacitive Loads: Currents lead voltages, with similar effects on power factor and reactive

power.



When two loads with different power factors are connected in parallel, the total current in each phase

becomes a combination of their individual currents, which may not be in phase, leading to harmonic

distortion and additional reactive power.

Analyzing the Current in the System

Vector (Phasor) Analysis

To accurately assess the currents, engineers employ phasor diagrams:

Represent each load current as a phasor with magnitude and phase angle.

Sum the load phasors vectorially to find the total phase current.

Determine the line currents by multiplying the phase currents by √3, considering phase shifts.

This analysis helps visualize how the individual load currents combine and how they influence the total

current in each phase.

Influence of Unbalanced Loads

Unbalanced loads cause phase currents to differ, leading to:



Unequal line currents, which can induce neutral currents if applicable.

Potential voltage drops and voltage unbalance across the system.

Increased losses and possible overheating of conductors and equipment.

Proper analysis using symmetrical components and simulation tools can predict and mitigate these

effects.

Practical Considerations and Implications

Impact on Power System Design

Understanding how currents behave in this configuration guides system design:

Ensuring conductors and equipment are rated for the maximum expected currents.

Implementing measures to balance loads and minimize neutral currents.

Designing protection schemes that respond appropriately to unbalanced conditions.

Power Factor Correction



Since loads may have lagging or leading power factors, additional components like capacitors or

synchronous condensers can be used to:

Improve overall power factor.

Reduce reactive currents and associated losses.

Enhance voltage stability across the system.

Monitoring and Maintenance

Regular measurement of phase currents and voltages helps detect:

Unequal loading or imbalance.

Harmonic distortion caused by nonlinear loads.

Potential faults or deteriorating insulation.

Proper maintenance ensures the system operates efficiently and safely.

Conclusion

Understanding the current behavior in a system where a three-phase source feeds two parallel-



connected Wye loads is fundamental for effective power system management. The currents in each

phase depend on load impedance, power factor, and load balance. Accurate analysis, whether through

phasor diagrams or simulation tools, is essential to predict system performance, optimize efficiency,

and prevent issues such as overheating, voltage instability, or equipment failure. Proper design

considerations, power factor correction, and ongoing monitoring are vital for maintaining a reliable and

efficient electrical distribution system in such configurations.

By mastering these principles, engineers and technicians can ensure that multi-load systems operate

smoothly, safely, and with maximum efficiency, ultimately contributing to the stability and sustainability

of power networks.

Frequently Asked Questions

How does connecting two parallel Wye-connected loads affect the

load current distribution in a 3-phase system?

When two Wye-connected loads are connected in parallel, the total load current divides between them

based on their impedance values. The current in each load depends on its individual impedance and

the phase voltage, resulting in a proportional distribution that maintains system balance if the loads are

identical.

What are the implications of load imbalance on the currents in a

parallel Wye-connected load system fed by a 3-phase source?

Load imbalance causes unequal currents in each load branch, which can lead to increased current in

some loads, higher losses, and potential overheating. It may also cause voltage fluctuations and

reduce overall system efficiency.



How do the phase currents relate to line currents in a parallel Wye-

connected load system fed by a 3-phase source?

In a parallel Wye-connected load, the line current is equal to the sum of the currents in the loads

connected in parallel on each phase. Since the loads are connected phase-to-neutral, the phase

current directly flows through each load, and line currents are typically equal to these phase currents.

What is the impact of load impedance variations on the current

distribution in a parallel Wye-connected load system?

Variations in load impedance cause changes in the current flowing through each load. Higher

impedance results in lower current, and vice versa. This can lead to uneven current sharing, increased

system losses, and potential voltage stability issues.

How can the total current supplied by the 3-phase source be

calculated when feeding two parallel Wye-connected loads?

The total line current can be calculated by summing the phase currents in each load, considering the

load impedances and supply voltage. For identical loads, the line current per phase is determined by

dividing the phase voltage by the load impedance, and the total source current is the vector sum of

these currents across all phases.

Additional Resources

A 3-phase Source Is Feeding Two Parallel Connected 3-phase Loads. Both Loads Are Wye-

connected. The Current is a fundamental topic in three-phase power systems, encompassing the

analysis of how current distributes when multiple loads are connected in parallel to a three-phase

source. This scenario is common in industrial and commercial power distribution systems, where

multiple loads operate simultaneously, sharing the same supply. Understanding the behavior of

currents in such configurations is crucial for proper system design, ensuring load balancing, minimizing



losses, and maintaining system stability.

---

Introduction to Three-Phase Power Systems

What is a 3-phase system?

A 3-phase system consists of three sinusoidal voltages of equal magnitude, frequency, and phase

difference of 120°, supplied by a three-phase source. These systems are preferred in power

transmission and distribution because they are more efficient and economical for delivering large

amounts of power.

Common configurations

- Wye (Y) connection: Each load phase is connected to a common point (neutral), forming a 'Y' shape.

- Delta (Δ) connection: Load phases are connected in a closed loop, forming a triangle.

In this article, both loads are Wye-connected, which implies certain characteristics in current and

voltage relationships.

---

The Scenario: Two Parallel Wye-Connected Loads Fed by a 3-Phase Source

Imagine a three-phase source delivering power to two separate loads connected in parallel. Both loads

are Wye-connected, and they share the same supply lines. The key aspects to analyze include:

- The supply voltages and their phase relationships.

- The load impedances and their influence on current flow.

- The total current drawn from the source.



- The individual currents in each load.

- How the currents combine at the source.

---

Fundamental Concepts and Assumptions

Balanced vs. Unbalanced Loads

- Balanced loads: All three phases have equal impedance, and currents are equal in magnitude and

symmetrically spaced.

- Unbalanced loads: Impedances differ across phases, leading to unequal currents and more complex

analysis.

For simplicity, this guide will initially focus on balanced loads, then discuss unbalanced scenarios.

Impedance of Wye-Connected Loads

Each load has an impedance \( Z \), which can be represented as:

\[ Z = R + jX \]

where:

- \( R \) is resistance.

- \( X \) is reactance.

- \( j \) is the imaginary unit.

Voltage and Current Relationships

In a Wye-connected load:

- The phase voltage \( V_{ph} \) is the voltage across each load element.



- The line-to-line voltage \( V_{L} \) relates to the phase voltage as:

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

- The phase current \( I_{ph} \) in each load is:

\[ I_{ph} = \frac{V_{ph}}{Z} \]

---

Analyzing the Currents in the Parallel Loads

Step 1: Determine the supply voltages

Assuming a balanced 3-phase supply, the line-to-line voltages are:

\[ V_{AB} = V_{L} \angle 0^\circ \]

\[ V_{BC} = V_{L} \angle -120^\circ \]

\[ V_{CA} = V_{L} \angle 120^\circ \]

The phase voltages (with respect to neutral) are:

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

Each load sees this phase voltage across its phases.

Step 2: Calculate individual load currents

For each load:

\[ I_{ph} = \frac{V_{ph} \angle 0^\circ}{Z} \]



Since both loads are Wye-connected and identical, their currents are similar unless their impedances

differ.

Step 3: Determine total currents in each phase

In parallel configurations, the total phase current supplied by the source to each load is the sum of the

currents flowing into each load along that phase.

For example, for phase A:

\[ I_{A_{total}} = I_{A_{Load 1}} + I_{A_{Load 2}} \]

Similarly for phases B and C.

Step 4: Calculate line currents and line-to-line currents

The line currents are vectors sum of the phase currents, taking into account their phase angles.

- For balanced loads, the line currents are equal in magnitude and shifted by 30° relative to the phase

voltages.

- For unbalanced loads, each phase current must be calculated separately.

---

Current Distribution in Parallel Wye-Connected Loads

Balanced Load Scenario

In the case where both loads are identical and balanced:

- Each load draws the same phase current \( I_{ph} \).



- Total current in each phase line is:

\[ I_{line} = 2 \times I_{ph} \]

- The total three-phase current from the source is the vector sum of these line currents.

Unbalanced Load Scenario

When loads are unbalanced:

- The currents in each phase differ.

- The total line currents are the sum of the individual phase currents, which may not be symmetrical.

- This can cause circulating currents and increased losses.

---

Current in Each Load: Detailed Analysis

Calculating individual load currents

Given the phase voltage \( V_{ph} \), and load impedance \( Z \):

\[ I_{ph} = \frac{V_{ph}}{Z} = \frac{V_{ph}}{\sqrt{R^2 + X^2}} \angle -\theta \]

where:

\[ \theta = \arctan \left( \frac{X}{R} \right) \]

This phase angle indicates the displacement between voltage and current.

Effect of load impedance



- Purely resistive load (\( X=0 \)):

- Current in phase with voltage.

- Inductive load (\( X > 0 \)):

- Current lags voltage.

- Capacitive load (\( X < 0 \)):

- Current leads voltage.

Total current supplied by the source

The source sees the sum of all load currents, considering their phase angles, which involves vector

addition.

---

Impact on Power System Design and Operation

Load balancing

Ensuring that the two loads are balanced minimizes circulating currents, reduces losses, and prevents

overheating.

Power factor correction

Reactive components in loads can be compensated with capacitors or inductors to improve power

factor and reduce current draw.

Monitoring and protection

Accurate measurement of currents and voltages helps in detecting faults, unbalanced conditions, and

ensuring reliable operation.



---

Practical Considerations and Common Challenges

Circulating currents

When loads are unbalanced, circulating currents may flow through the neutral or between phases,

potentially damaging equipment.

Neutral currents

In Wye-connected systems, neutral currents can be significant if loads are unbalanced, affecting the

sizing of neutral conductors.

Harmonics and non-linear loads

Modern loads like variable frequency drives and electronic loads introduce harmonics, complicating

current analysis and system design.

---

Summary and Key Takeaways

- In a 3-phase system feeding two parallel Wye-connected loads, the current distribution depends on

the load impedances and phase relationships.

- Balanced loads lead to symmetrical current flow, simplifying analysis.

- Unbalanced loads require detailed vector calculations to accurately determine phase and line

currents.

- Understanding the current flow enables engineers to optimize system performance, ensure safety,

and prevent equipment failure.

- Proper system design considers power factor correction, load balancing, and harmonic mitigation.



---

Final Thoughts

Analyzing the currents in a 3-phase system feeding multiple parallel Wye-connected loads is an

essential task for electrical engineers. It involves understanding the interplay of voltages, impedances,

and phase angles, and how these factors influence the overall system performance. Whether

designing new systems or troubleshooting existing ones, mastery of these concepts ensures efficient,

reliable, and safe electrical power distribution.

---

If you want to deepen your understanding of three-phase systems, consider exploring topics like

symmetrical components, fault analysis, and power quality management, which are integral to

advanced electrical system analysis.
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