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Understanding the behavior of three-phase systems is fundamental in modern electrical engineering,
especially when analyzing power distribution networks. In this context, a 400-volt, three-phase (3-
phase) supply connected across a balanced load composed of three identical impedances, each with
a resistance of 32 ohms, presents an excellent case study. This article explores the detailed
calculations, concepts, and practical implications of such a setup, providing insights into voltages,
currents, power, and the overall system performance.

---

Overview of Three-Phase Power Systems

What Is a Three-Phase System?
A three-phase system involves three alternating currents that are offset in phase by 120 degrees.
This configuration offers several advantages over single-phase systems, including:

Higher efficiency in power transmission

Reduced conductor material requirement

Constant power transfer to loads

Flexibility in motor operation

Types of Connections in Three-Phase Systems
Three-phase loads can be connected in various configurations:

Wye (Y) connection: Neutral point exists; line-to-line voltages are higher than line-to-neutral1.
voltages.

Delta (Δ) connection: No neutral; line-to-line voltages are equal to phase voltages.2.



In our scenario, the system is typically considered a line-to-line (phase-to-phase) supply, with the
load connected in a balanced manner.

---

System Parameters and Basic Concepts

Given Data and Assumptions

Supply Voltage (Line-to-Line), VL = 400 V

Number of phases = 3

Each load impedance, Z = 32 Ω (pure resistance)

Load is balanced: all three impedances are identical

Understanding Line-to-Line and Line-to-Neutral Voltages
In a balanced three-phase system:

Line-to-line voltage, VL = √3 × Vph

Phase (or line-to-neutral) voltage, Vph = VL / √3 ≈ 400 V / 1.732 ≈ 231 V

This relationship is fundamental for calculating phase currents and power.

---

Calculating Phase Currents and Power in the System

Phase Voltage and Impedance
Since each impedance is connected across a phase, the phase voltage is Vph ≈ 231 V. The
impedance per phase, Z = 32 Ω, is purely resistive.



Calculating Phase Currents
The current through each impedance (phase current) is:

Iph = Vph / Z = 231 V / 32 Ω ≈ 7.22 A

All three phase currents are equal in magnitude and in phase with their voltages due to the purely
resistive nature of the load.

Line Currents in the System
In a wye-connected load with a balanced resistive load:

Line current, IL = Iph ≈ 7.22 A

This simplifies calculations, as the line and phase currents are equal for a wye connection.

Total Power Delivered to the Load
The total real power (P) in a three-phase system is:

P = √3 × VL × IL × Power factor

Since the load is purely resistive, the power factor is 1.

Calculating power:

P = √3 × 400 V × 7.22 A ≈ 1.732 × 400 × 7.22 ≈ 5,000 W

Thus, the system delivers approximately 5 kW of real power.

---

Voltage and Current Waveforms and Power Factor

Waveforms in a Balanced Three-Phase System
- The three phase voltages are sinusoidal and offset by 120°.
- The currents follow similar sinusoidal waveforms, aligned with their respective voltages.
- For a purely resistive load, the current and voltage are in phase, resulting in a power factor of 1.

Impact of Power Factor
In this scenario, the power factor is ideal (unity). However, in real systems, loads often include
inductance or capacitance, which affects the power factor:



Inductive loads cause lagging power factor

Capacitive loads cause leading power factor

This influences the total current drawn and the system efficiency.

---

System Impedance and Effects on Power Distribution

Impedance of Each Load
Each impedance is purely resistive:

Z = R = 32 Ω

This simplifies analysis, as there are no reactive components to consider.

Effects of Load Impedance on System Behavior
- Pure resistance ensures maximum power transfer efficiency.
- Reactive components (inductance or capacitance) could introduce phase shifts and reduce
efficiency.
- Impedance magnitude influences the current magnitude; higher impedance yields lower currents.

Practical Considerations
- Ensuring balanced loads prevents circulating currents and system inefficiencies.
- Proper sizing of conductors and protective devices depends on load currents and impedance
characteristics.

---

Power Calculations and System Efficiency

Real Power Calculation
As previously calculated:

P ≈ 5 kW



Reactive Power and Power Factor
Since the load is purely resistive:

Reactive power, Q = 0 VAR

Power factor, PF = 1

System Efficiency and Losses
- Resistive loads are efficient, with minimal reactive power.
- Power losses in conductors are due to the resistance:

Losses = I2 × R_total

- For three conductors, each carrying 7.22 A:

Loss per conductor = (7.22)^2 × R_conductor

- Overall losses depend on conductor length and material.

---

Practical Applications and Safety Considerations

Applications of Such Systems
- Industrial motor drives
- Power distribution in manufacturing plants
- Large HVAC systems

Safety Measures
- Proper grounding and earthing
- Use of circuit breakers and protective relays
- Regular maintenance and inspection of equipment
- Adequate insulation and clearances

Design Considerations for Engineers
- Ensuring load balancing
- Correct sizing of conductors and protective devices
- Compatibility of load impedance with supply characteristics
- Monitoring power quality and harmonic distortion



---

Conclusion
Connecting a 400-V, three-phase supply across a balanced load of three identical resistances, each
with 32 ohms, results in a straightforward analysis demonstrating fundamental electrical principles.
The system delivers approximately 5 kW of power, with each phase current around 7.22 A. The
purely resistive load ensures unity power factor, minimal reactive power, and efficient power
transfer. Understanding these calculations and concepts is essential for designing, operating, and
maintaining effective three-phase power systems across various industrial and commercial
applications. Proper attention to safety, load balancing, and system efficiency ensures reliable and
optimal operation in real-world scenarios.

Frequently Asked Questions

What is the total load resistance when three identical
impedances, each with 32 Ω resistance, are connected across a
400 V supply?
Since the impedances are connected in a balanced configuration, the total load resistance depends
on the connection type. For a star connection, the equivalent resistance per phase is 32 Ω. The total
load resistance seen by the supply is determined by the specific connection (star or delta). If
connected in delta, the line-to-line impedance is 32 Ω; if in star, the phase impedance is 32 Ω, and
the line-to-line impedance is 3×32 Ω = 96 Ω.

How is the power distributed among the three loads in a
balanced three-phase system with identical impedances?
In a balanced three-phase system with identical impedances, each load consumes an equal amount
of power. The total power is divided equally among the three loads, with each load receiving one-
third of the total power supplied by the source.

What is the line-to-line voltage in the system, and how does it
relate to the phase voltage?
The line-to-line voltage in a 3-phase system is 400 V as given. The phase (or line-to-neutral) voltage
is related to the line-to-line voltage by V_phase = V_line / √3, which in this case is approximately 400
V / 1.732 ≈ 231 V.

What is the current flowing through each impedance in the
system?
Assuming a star connection, the phase impedance is 32 Ω, and the phase voltage is approximately
231 V. The current per phase is I_phase = V_phase / Z_phase = 231 V / 32 Ω ≈ 7.22 A. In a delta



connection, the line-to-line voltage applies directly across each impedance, resulting in the same
current per impedance.

How does the power factor affect the total power consumed in
this balanced load?
The total power consumed depends on the load impedance's resistive and reactive components. If
the impedance is purely resistive (as in 32 Ω resistance only), the power factor is unity, and the total
power is P = √3 × V_line × I_line. If reactive components are present, the power factor decreases,
reducing the real power delivered to the load.

What are the implications of connecting such a load on the
supply's current and voltage stability?
Connecting a balanced load with known impedance ensures that the current and voltage are evenly
distributed, promoting system stability. However, high currents (e.g., about 7.22 A per phase) can
lead to increased losses and potential voltage drops if conductors are not adequately rated, so
proper system design is essential to maintain voltage stability.

Additional Resources
A 400-V, 3-Phase Supply Connected Across a Balanced Load of Three Impedances Each Consisting of
a 32-Ω Resistance

Understanding the behavior of a three-phase power system is fundamental in electrical engineering,
especially when analyzing how balanced loads interact with supply voltages. In this article, we delve
deep into a typical scenario where a 400-volt, three-phase supply is connected across a balanced
load, each impedance comprising a 32-ohm resistor. This configuration is common in industrial and
commercial power systems, offering insights into current distribution, power consumption, and
system efficiency.

---

Overview of Three-Phase Power Systems

Three-phase power systems are the backbone of modern electrical distribution, providing a more
efficient and stable means of transmitting electrical energy compared to single-phase systems. They
consist of three sinusoidal voltages of equal magnitude and frequency, phase-shifted by 120 degrees.

Key Features:
- Constant Power Delivery: Unlike single-phase systems, three-phase systems deliver constant
power, reducing pulsations.
- Efficiency: They require less conductor material for transmitting a given amount of power.
- Flexibility: Suitable for both power transmission and heavy motor loads.

Common Applications:



- Industrial machinery
- Power distribution networks
- Large HVAC systems
- Electric motor operation

---

Details of the Given System Configuration

In our analysis, the system comprises:
- A 400 V, three-phase supply, which refers to the line-to-line RMS voltage.
- A balanced load connected across each phase, with each load consisting of a resistor of 32 ohms.

Clarification of System Parameters

- The 400 V supply is a line-to-line RMS voltage. This is typical in many industrial settings.
- The load being balanced implies identical impedances on each phase, ensuring symmetrical current
flow.
- Each impedance being purely resistive with a value of 32 Ω simplifies calculations but also limits
the analysis to resistive power consumption.

---

Analyzing the Load: Resistance and Power
Consumption

Calculating Phase Voltages:

Since the supply is 400 V line-to-line, the phase-to-neutral (or phase-to-ground) RMS voltage can be
derived:

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

This is the RMS voltage across each resistor in a Y-connected load.

Calculating Phase Currents:

The current through each resistor:

\[ I_{ph} = \frac{V_{ph}}{R} = \frac{231\,V}{32\,Ω} \approx 7.22\,A \]

Line Currents:

In a balanced three-phase resistive load, line currents are equal to phase currents:

\[ I_{L} = I_{ph} \approx 7.22\,A \]



Power Dissipation:

Power consumed per phase:

\[ P_{phase} = V_{ph} \times I_{ph} = (231\,V) \times (7.22\,A) \approx 1,669\,W \]

Total power delivered to the load:

\[ P_{total} = 3 \times P_{phase} \approx 5,007\,W \]

This is the real power consumption since the load is purely resistive.

Efficiency and Power Factor:

- The power factor is unity (1.0) in a purely resistive load.
- The system operates efficiently, with minimal reactive power.

---

Current and Power Calculations in the System

Line and Phase Currents

As noted, the phase current is approximately 7.22 A. Since the load is balanced, the currents in all
phases are equal in magnitude and phase.

Power Calculations

Total apparent power:

\[ S = V_{L-L} \times I_{line} \approx 400\,V \times 7.22\,A \approx 2,888\,VA \]

Real power:

\[ P = 3 \times V_{ph} \times I_{ph} \approx 5,007\,W \]

Reactive power:

\[ Q = 0\,VAR \quad (\text{since load is purely resistive}) \]

Power Factor

Given the load is resistive:

\[ \text{Power Factor} = 1.0 \]

---



Implications of the System for Power Distribution and
Motor Operations

Voltage Stability

The balanced nature of the load ensures voltage stability across the system, minimizing voltage
fluctuations and ensuring equipment operates within specified parameters.

Motor Loads and Power Quality

- For motor loads, such resistive loads simplify starting and operational characteristics.
- The balanced load minimizes harmonic distortions and enhances power quality.

System Efficiency

The resistive load ensures that nearly all supplied energy is converted into useful work, with minimal
reactive power losses.

---

Advantages of Using Equal Resistive Impedances

- Simplicity in Calculation: Purely resistive loads make analytical computations straightforward.
- Constant Power Delivery: Resistive loads deliver constant power with minimal fluctuations.
- Minimal Power Losses: Efficient energy transfer due to high power factor.

---

Potential Challenges and Limitations

- Limited Real-World Applicability: Many loads are inductive or capacitive, affecting power factor
and system behavior.
- No Reactive Power Compensation: Purely resistive loads do not utilize reactive power management
strategies.
- Heat Dissipation: Resistors dissipate heat, which requires adequate cooling and insulation.

---

Advanced Considerations and Practical Applications

Power Factor Correction

In practical scenarios, loads often include inductive or capacitive elements, leading to lagging or



leading power factors. Power factor correction capacitors or reactors are employed to optimize
system efficiency.

Harmonic Distortion

While resistive loads mitigate harmonic issues, complex loads may introduce harmonics, which
require filtering and mitigation strategies.

System Protection

Protection devices such as circuit breakers and fuses are crucial to prevent overloads and faults,
particularly when dealing with resistive loads that can generate significant heat.

---

Conclusion

Connecting a 400-V, three-phase supply across a balanced load of three 32-ohm resistances
exemplifies fundamental principles in three-phase power systems. The analysis reveals that such a
system is straightforward to evaluate, with predictable current and power consumption values. This
configuration demonstrates high efficiency, unity power factor, and minimal reactive power, making
it ideal for understanding basic power distribution concepts.

Features:
- Easy to analyze due to resistive nature.
- High efficiency with minimal power losses.
- Suitable for teaching fundamental three-phase principles.

Limitations:
- Lack of reactive elements limits real-world application modeling.
- Not representative of typical industrial loads that include inductance and capacitance.

In summary, such systems serve as excellent educational models and foundational cases for
understanding more complex, real-world power systems. Proper design, protection, and correction
measures are vital when scaling to practical applications involving diverse loads and power quality
considerations.
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