A 5 KW, 230 V Motor Draws A Current Of 24 A
From The Supply. Determine The Efficiency Of This

Motor.

A 5 KW, 230 V Motor Draws A Current Of 24 A From The Supply. Determine The Efficiency Of This

Motor.

Understanding the efficiency of electric motors is crucial for engineers, technicians, and anyone
involved in designing or maintaining electrical systems. Efficiency indicates how well a motor converts
electrical energy into mechanical energy, minimizing energy losses and optimizing performance. In this
article, we will explore how to determine the efficiency of a motor given specific parameters: a 5 kW

power rating, operating at 230 V, and drawing a current of 24 A from the supply.

Introduction to Motor Efficiency

Motor efficiency is a measure of the ratio of useful mechanical output power to the electrical input

power supplied to the motor. It is expressed as a percentage:

\[
\text{Efficiency} (\eta) = \left( \frac{\text{Output Power}}{\text{Input Power}} \right) \times 100\%
\]

A high-efficiency motor ensures less energy wastage, leading to cost savings and reduced

environmental impact.



Understanding the Given Data

Before delving into calculations, let's understand the data provided:
- Power rating of the motor, \( P_{rated} = 5\, \text{kW} \)
- Supply voltage, \( V = 230\, \text{V} \)

- Current drawn from the supply, \( | = 24\, \text{A} \)

The key goal is to determine the efficiency of this motor based on these parameters.

Step-by-Step Calculation of Motor Efficiency

To find the efficiency, we need to determine the input power and compare it with the rated or output

power.

1. Calculate the Input Power

The electrical input power supplied to the motor can be calculated using the formula:

\[
P_{in} = V \times | \times \text{Power Factor} \times \text{Efficiency}

\

However, since the power factor is unknown at this stage, and the problem is to determine efficiency,

we start by calculating the apparent power and then estimate the real power.

Apparent Power (\(S\)):



\[

S =V \times | = 230\, \text{V} \times 24\, \text{A} = 5520\, \text{VA}

\

Real Power (\(P_{in}\)):

\[

P_{in} = S \times \text{Power Factor} = 5520\, \text{VA} \times \text{Power Factor}

\

Since power factor is unknown, we need to estimate the real power using the motor's rated power.

2. Estimate the Power Factor

For an ideal motor, the rated power (\( P_{rated} \)) is the useful mechanical power output, which is 5

kW. The electrical input power should then be slightly higher due to losses.

Assuming the motor operates at near unity power factor (which is typical for large industrial motors),

the input power:

\[

P_{in} \approx V \times | = 5520\, \text{W}

\

But this is higher than the rated power, indicating that the actual power factor is less than 1.

Alternatively, we can estimate the power factor based on the rated power and the apparent power:

\[
\text{Power Factor} = \frac{P_{rated}}{S} = \frac{5000\, \text{W}}{5520\, \text{VA}} \approx 0.906



\

This indicates a power factor of approximately 0.906.

3. Calculate Actual Input Power

Using the estimated power factor:

\[

P_{in} = V \times | \times \text{Power Factor} = 230\, \text{V} \times 24\, \text{A} \times 0.906 \approx
230 \times 24 \times 0.906

\

Calculating:

\[

230 \times 24 = 5520

\

\[

5520 \times 0.906 \approx 5000\, \text{W}
\

Thus, the electrical input power is approximately 5 kW, aligning with the motor's rated power.

Calculating the Efficiency

Since the rated power output of the motor is 5 kW, and the input power is approximately 5 kW, the

efficiency can be calculated as:



\[
\eta = \frac{\text{Output Power}}{\text{Input Power}} \times 100\%
\]

Assuming the input power is 5 kW and the output power is also 5 kW (neglecting minor losses for

simplicity):
\[
\eta \approx \frac{5\, \text{kW}}5\, \text{kW}} \times 100\% = 100\%

\

However, in real-world applications, some power is lost as heat, vibrations, and other inefficiencies.

Typical efficiencies for industrial motors of this size range from 85% to 95%.
To determine a more realistic efficiency, considering typical losses:

- Mechanical and electrical losses: approximately 5% to 15%

Thus, the efficiency is likely in the range:

\[

\eta \approx 85\% \text{ to } 95\%

\

A reasonable estimate for this motor, given the data and typical efficiencies, would be around 90%.

4. Final Efficiency Calculation

Using the formula:



\[
\text{Output Power} = \text{Input Power} \times \eta

\

and knowing the rated power output is 5 kW, and input power is approximately 5.56 kW (from

apparent power):

\[
\eta = \frac{5000\, \text{W}}{5560\, \text{W}} \approx 0.899 \text{ or } 89.9\%
\]

So, the efficiency of the motor can be estimated at approximately 90%.

Summary of Findings

- The apparent power drawn by the motor is 5520 VA.
- Estimated power factor is about 0.906.

- Electrical input power is approximately 5.0-5.56 kW.
- Mechanical output power is rated at 5 kW.

- The efficiency of the motor is approximately 90%.

Importance of Motor Efficiency

Understanding and calculating motor efficiency helps in:

- Reducing energy costs
- Improving system performance

- Selecting appropriate motors for specific applications



- Ensuring compliance with energy standards

- Minimizing environmental impact

Other Factors Affecting Motor Efficiency

While the calculations above provide an estimate, actual efficiency can vary based on:

- Motor design and quality
- Load conditions

- Maintenance practices

- Operating environment

- Power quality

Conclusion

Determining the efficiency of a motor from given electrical parameters involves understanding the
relationship between power, current, voltage, and power factor. For the 5 kW, 230 V motor drawing 24
A, the efficiency is approximately 90%, indicating a well-performing motor with minimal energy losses.
Regularly assessing motor efficiency can lead to significant savings and improved operational

performance in industrial settings.
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Frequently Asked Questions

What is the power rating of the motor and how is it related to the
current and voltage supplied?

The motor has a power rating of 5 kW, and it operates at a supply voltage of 230 V while drawing a

current of 24 A, which influences its efficiency calculation.

How do you calculate the input power of the motor?

The input power is calculated using the formula: Power (W) = Voltage (V) x Current (A), so 230 V x 24
A = 5520 W or 5.52 kW.

What additional information is needed to determine the efficiency of

the motor?

You need to know the output power (which is 5 kW in this case) and the input power to calculate

efficiency accurately.

How is the efficiency of a motor calculated?

Efficiency is calculated as (Output Power / Input Power) x 100%. In this case, it's (5 kW / 5.52 kW) x
100%.

What is the approximate efficiency of the motor based on the given
data?

Efficiency U (5 / 5.52) x 100% U 90.58%.

Why is it important to know the efficiency of a motor?

Knowing the efficiency helps assess energy consumption, operational costs, and performance,



ensuring optimal selection and maintenance.

What factors can affect the efficiency of a motor like this?

Factors include motor design, load conditions, winding resistance, friction, and thermal losses.

Can the efficiency be improved for this motor, and how?

Yes, efficiency can be improved by reducing losses through better cooling, high-quality components,

proper maintenance, and operating within optimal load conditions.

Additional Resources

A 5 KW, 230 V Motor Draws A Current Of 24 A From The Supply. Determine The Efficiency Of This
Motor.

Introduction

In the realm of electrical engineering and industrial applications, electric motors serve as the backbone
for a multitude of mechanical operations, ranging from small household appliances to large industrial
machinery. Understanding the efficiency of these motors is essential for optimizing energy
consumption, reducing operational costs, and ensuring sustainable practices. This article delves into a
specific scenario involving a 5 kW, 230 V motor that draws a current of 24 A from the supply, aiming

to determine its efficiency through detailed analysis.

Understanding the Basic Concepts

What Is Motor Efficiency?



Motor efficiency is a measure of how effectively an electric motor converts electrical energy into
mechanical energy. It is expressed as a percentage and is calculated by dividing the output power

(useful work done) by the input power (total electrical energy supplied), multiplied by 100.

\[
\text{Efficiency} (\eta) = \frac{\text{Output Power}}{\text{Input Power}} \times 100\%
\]

High efficiency indicates minimal energy losses, leading to better performance and lower operational

costs.

Key Parameters in the Scenario

- Rated Power (Output Power): 5 kW
- Supply Voltage (V): 230 V
- Current Drawn (I): 24 A

Step 1: Calculating the Input Power

The first step in determining efficiency involves calculating the electrical power supplied to the motor,

known as the input power. This is typically given by:

\[
P_{in} = V \times | \times \text{Power Factor} \times \text{Efficiency Factor}

\

However, in many practical scenarios, especially when the power factor and efficiency are not initially
known, a simplified calculation assumes the power factor is close to 1 for preliminary estimates, or

more accurately, the real power is calculated considering the power factor.



Note: Since the power factor is not provided in this scenario, we will assume a typical power factor for
industrial motors, which is around 0.85 to 0.90. For an accurate calculation, we should take an

estimated power factor of 0.85.

Calculating Real Power Input:

\[
P_{in} = V \times | \times \text{Power Factor}

\

Substituting the known values:

\[

P_{in} = 230\,V \times 24\ A \times 0.85

\

\[

P_{in} = 230 \times 24 \times 0.85 = 230 \times 20.4 = 4692\,\W

\

This indicates that the input power is approximately 4692 Watts.

Step 2: Reconciling Output Power
The rated power of the motor is given as 5 kW, which represents the mechanical output power under
standard operating conditions. To determine the efficiency, we need to compare this output power to

the input power.

\[



\text{Output Power} = 5\ \\text{kW} = 5000\,W
\

Given the input power is approximately 4692 W, this presents an inconsistency, as the input appears

less than the output, which is physically impossible. This indicates the need for refining assumptions.

Important: The initial assumptions may oversimplify the calculation because:

- The rated power of 5 kW is likely the rated output power.
- The actual input power must be higher than the output power due to losses.
- The initial calculation of input power was based on an estimated power factor, but the actual power

factor may be different.

Step 3: Calculating Actual Input Power with Known Parameters

To properly determine the efficiency, we can use the power formula:

\[
P_{in} = V \times | \times \text{Power Factor}

\

Given that the motor draws 24 A at 230 V, and assuming typical power factor values (say, 0.85), the

input power:
\[
P_{in} = 230 \times 24 \times 0.85 = 4692\\W

\

If the rated output power is 5 kW (or 5000 W), then the efficiency is:



\[
\eta = \frac{P_{out}{P_{in}} \times 100 = \frac{5000}{4692} \times 100 \approx 106.5\%
\]

which is impossible due to physical limitations.

This discrepancy suggests that the actual power factor is higher, or that the motor's rated power is the

mechanical power output, and the electrical input power is higher.

Step 4: Estimating the Power Factor and Input Power

Given that the efficiency cannot exceed 100%, and considering real-world motor efficiencies typically

range from 85% to 95%, the input power should be roughly:

\[
P_{in} = \frac{P_{out}}{\eta}
\]

Assuming an average efficiency of 90%:

\[
P_{in} = \frac{5000}{0.9} \approx 5555\,\W
\]

Now, calculating the implied power factor:

\[

\text{Power Factor} = \frac{P_{in}}{V \times I} = \frac{5555}{230 \times 24} = \frac{5555}{5520} \approx
1.007



\

Since the power factor cannot exceed 1, this suggests that the actual power factor is very close to 1,

and the input power is around 5555 W.

Alternatively, if we accept the initial input power calculation as accurate (~4692 W), then the efficiency

would be:

\[
\eta = \frac{P_{out}{P_{in}} \times 100 = \frac{5000}{4692} \times 100 \approx 106.5\%
\]

which is physically impossible.

Step 5: Final Calculation and Conclusion

Given the discrepancies, the most reasonable assumption is that the motor's actual input power is

approximately 5555 W, considering typical efficiency values.

Therefore:

\[
\boxed{
\text{Efficiency} \approx \frac{5000}{5555} \times 100 \approx 90\%

}
\

This aligns with typical efficiencies of industrial electric motors, which generally range from 85% to

95%.



Summary of Key Findings

- The input power to the motor is approximately 5555 W, based on typical efficiency assumptions.
- The output power is rated at 5 kW.
- The efficiency of the motor is approximately 90%, a common value for such motors.

- The power factor is estimated to be close to 1, indicating efficient power utilization.

Implications and Practical Significance

Understanding the efficiency of motors is fundamental for designing energy-efficient systems. A motor
operating at approximately 90% efficiency signifies that only about 10% of electrical energy is lost as
heat, noise, and other forms of energy dissipation. Improving efficiency further can lead to substantial

energy savings, especially when scaled across multiple motors in industrial settings.

Furthermore, maintaining high efficiency requires regular maintenance, proper load management, and
using motors appropriate for the application. This ensures not only energy savings but also prolongs

the lifespan of the equipment.

Final Thoughts

In conclusion, by analyzing the given parameters and applying fundamental electrical engineering
principles, we deduce that the 5 kW, 230 V motor drawing 24 A operates with an efficiency of
approximately 90%. Such a value is typical for industrial motors, reflecting a well-optimized balance
between performance and energy consumption. Continuous efforts to monitor and improve motor

efficiencies contribute significantly to sustainable industrial practices and cost-effective operations.
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