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Understanding the efficiency of power transformers is crucial for designing energy-
efficient electrical systems and minimizing operational costs. When a transformer reaches
its maximum efficiency of 98% at a rated capacity of 15 KVA with unity power factor, it
signifies that the device operates optimally under specific load conditions. However, the
all-day efficiency — which considers variable loads and operational hours — provides a
more comprehensive picture of its real-world performance. This article delves into the
concept of transformer efficiency, particularly focusing on calculating the all-day
efficiency of a transformer with these parameters, exploring factors influencing efficiency,
and offering insights on how to optimize transformer performance for sustained
operational excellence.

Understanding Transformer Efficiency

Transformer efficiency is a measure of how effectively a transformer converts input
electrical power into output power. It is expressed as a percentage and calculated as:

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

In ideal conditions, a transformer would be 100% efficient, meaning no power losses.
However, real transformers incur certain losses that reduce their efficiency:

- Core (Iron) Losses: Also known as no-load losses, these occur due to hysteresis and eddy
currents in the core when the transformer is energized, even if no load is connected.

- Winding (Copper) Losses: These are resistive losses in the transformer’s winding
conductors when current flows through them under load conditions.

- Leakage and Other Losses: Minor losses due to leakage flux, dielectric losses, and stray
losses.

The efficiency of a transformer varies with the load, typically peaking at or near its rated
load (15 KVA in this case) and decreasing at very light or very heavy loads.



Maximum Efficiency at 15 KVA with Unity Power
Factor

The maximum efficiency of 98% at 15 KVA and unity power factor indicates that the
transformer performs optimally at its rated capacity with the load power factor of 1
(unity). This maximum efficiency point is generally associated with the load where the iron
and copper losses are balanced, minimizing the total losses.

Key points to note:

- Rated capacity: 15 KVA

- Maximum efficiency: 98%

- Power factor at maximum efficiency: Unity (1.0)

- Operational conditions: Typical load centered around the rated capacity

This maximum efficiency is a critical design parameter, guiding engineers to operate the
transformer in the most efficient region.

Calculating All-Day Efficiency: Concept and
Approach

While maximum efficiency provides an ideal snapshot, the all-day efficiency considers
varying load conditions throughout the operational hours of the transformer. It provides a
realistic measure of how the transformer performs over days, weeks, or months,
considering fluctuating load demands.

Factors influencing all-day efficiency:

- Load profile throughout the day
- Duration at each load level
- Transformer losses at different loads

Approach to calculation:

1. Identify Load Profile: Determine the percentage of rated load the transformer carries
during different periods. For example:

- 0-25% load (idle or minimal load)

- 25-50% load

- 50-75% load

- 75-100% load (rated load)

2. Determine Efficiency at Each Load Level: Use the efficiency curve or approximate
calculations based on known losses at different loads.



3. Calculate Energy Losses and Output Power: For each period, compute the energy
delivered and losses.

4. Aggregate Over the Operational Period: Sum the energy delivered and total losses over
the entire day, then compute the overall efficiency.

Efficiency Curve and Losses at Different Loads

Transformers do not operate at maximum efficiency all the time. Their efficiency varies
with load, often represented by an efficiency curve:

- At light loads: Copper losses are minimal, but iron losses remain constant, leading to
lower efficiency.

- At rated load: Efficiency peaks as the iron and copper losses are balanced.

- At overloads: Copper losses increase significantly, decreasing overall efficiency.

Typical loss values:

- Iron (core) losses: Constant, e.g., 1-2% of rated power
- Copper (winding) losses: Variable, proportional to the square of the load current

Step-by-Step Calculation of All-Day Efficiency

Assuming the following typical parameters for the transformer:

- Rated Power: 15 KVA

- Maximum efficiency: 98% at full load
- Iron losses (constant): 200 W

- Copper losses (at full load): 600 W

Sample load profile for a typical day:

| Load Level | Percentage of Rated Load | Duration (hours) |
| | | |

| Idle | 0-25% | 4 hours |

| Light Load | 25-50% | 4 hours |

| Moderate Load| 50-75% | 4 hours |

| Full Load | 75-100% | 4 hours |

Calculations:

1. Determine losses at each load:



- Copper losses scale with the square of load percentage.

| Load % | Copper Losses (W) | Total Power (W) | Efficiency at that load |

| | | | |

| 25% | \( (600) \times (0.25)"2 = 37.5\) | \( 15,000 \times 0.25 = 3,750 ) | Approximate
efficiency |

| 50% | \( 600 \times 0.5°2 = 150\) | 7,500 | |

| 75% | \( 600 \times 0.75°2 = 337.5\) | 11,250 | |

| 100% | 600 | 15,000 | |

2. Calculate losses at each load:

- Iron losses: 200 W (constant)
- Copper losses as above

3. Calculate efficiency at each load:

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

\[ \text{Input Power} = \text{Output Power} + \text{Total Losses} \]

For example, at full load:

\[ \text{Input Power} = 15,000 + (200 + 600) = 15,800\, W \]
\[ \eta = \frac{15,000}{15,800} \times 100\% \approx 94.9\% \]

Similarly, at 25% load:

\[ \text{Output Power} = 3,750\, W \]

\[ \text{Losses} = 200 + 37.5 = 237.5\, W \]

\[ \text{Input Power} = 3,750 + 237.5 = 3,987.5\, W \]

\[ \eta \approx \frac{3,750}{3,987.5} \times 100\% \approx 94.1\% \]
4. Compute total energy delivered and total losses over the day:

- Sum the energy delivered:

\[ E {delivered} = \sum (\text{Power} \times \text{Hours}) \]

- Sum the total losses similarly.

5. Calculate all-day efficiency:

\[ \text{All-day efficiency} = \frac{\text{Total energy delivered over the day} } {\text{Total
energy input over the day}} \times 100\% \]



Implications and Optimization Strategies

Understanding and calculating the all-day efficiency helps in:

- Operational Planning: Ensuring the transformer operates within its most efficient load
range during peak hours.

- Design Optimization: Selecting transformers with suitable ratings and loss
characteristics for specific applications.

- Cost Savings: Reducing energy losses translates into lower electricity bills and minimizes
environmental impact.

Strategies to optimize transformer efficiency:

- Load Management: Distribute electrical loads evenly to avoid overloading or
underloading.

- Use of High-Quality Materials: Employ transformers with low core and copper losses.

- Regular Maintenance: Ensure the transformer is in optimal condition, with clean cooling
systems and tight connections.

- Implementing Power Factor Correction: While the scenario assumes unity power factor,
in real applications, correcting power factor can improve efficiency.

Conclusion

Calculating the all-day efficiency of a transformer with a maximum efficiency of 98% at 15
KVA and unity power factor provides valuable insights into its operational performance.
While maximum efficiency is achieved at the rated load, the actual efficiency over a typical
day fluctuates based on load profile and operational hours. By understanding the load-
dependent losses and employing strategic operational and maintenance practices,
engineers and facility managers can ensure that transformers operate close to their
optimal efficiency, leading to significant energy savings and prolonged equipment lifespan.

In summary, the process involves analyzing load variations, calculating losses at each load
level, and aggregating these to determine the overall efficiency across the entire
operational period. With proper planning and maintenance, achieving high all-day
efficiency is attainable, maximizing the benefits of a high-eff

Frequently Asked Questions

What is the significance of the maximum efficiency of
98% at 15 KVA for the transformer?

The maximum efficiency of 98% at 15 KVA indicates that the transformer operates most
efficiently at this load, minimizing power losses and optimizing energy usage during



typical operation conditions.

How is the all-day efficiency of a transformer calculated,
and what factors influence it?

All-day efficiency is calculated by considering the total energy output over a 24-hour
period divided by the total energy input, accounting for load variations, core and copper
losses, and operating hours at different loads, with factors like load profile and power
factor affecting it.

Why is the power factor considered to be unity when
analyzing the all-day efficiency of this transformer?

A power factor of unity simplifies efficiency calculations by assuming no reactive power
losses, allowing focus on real power losses; this provides an idealized maximum efficiency
scenario for the transformer.

What is the typical approach to determine the all-day
efficiency of a transformer rated at 15 KVA with 98%
maximum efficiency?

The approach involves integrating the load profile over a 24-hour period, calculating the
energy losses at various loads, and then determining the ratio of total useful energy output
to total energy input, considering losses at each load point.

How does the maximum efficiency of 98% affect the
transformer’s losses and operational cost over a day?

A maximum efficiency of 98% means the transformer has relatively low losses, which
reduces energy wastage and operational costs over the day, especially when operating
near the rated load, leading to energy savings and lower electricity bills.

Additional Resources
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Introduction

Transformers are indispensable components in electrical power systems, facilitating the
efficient transfer of electrical energy between circuits through electromagnetic induction.
Their performance characteristics—particularly efficiency—are critical for optimizing
energy usage, reducing operational costs, and ensuring system reliability. Among the
myriad parameters used to evaluate transformer performance, all-day efficiency offers a



comprehensive measure, reflecting how well a transformer operates over a typical day
under varying load conditions.

In this article, we delve into the detailed analysis of determining the all-day efficiency of a
transformer that boasts a maximum efficiency of 98% at 15 kVA and operates at unity
power factor. This scenario is common in industrial and commercial applications where
transformers are subjected to fluctuating loads throughout the day. Understanding how to
accurately compute the efficiency across the entire operational period aids engineers,
system planners, and maintenance personnel in making informed decisions about
transformer selection and system design.

Understanding Key Parameters

Before proceeding with the calculations, it is essential to clarify some foundational
concepts:

- Maximum efficiency (98%) at 15 kVA: The transformer reaches its peak efficiency at a
load of 15 kVA, which is often its rated capacity.

- Unity power factor (pf = 1): The power factor indicates that the load is purely resistive,
simplifying the analysis since reactive power components are absent.

- Load variation: In real-world scenarios, the load on a transformer fluctuates during the
day, necessitating a method to evaluate efficiency over this period.

- All-day efficiency: The ratio of total energy delivered to the load over a 24-hour period to
the total energy drawn from the source during the same period.

Theoretical Foundations for Efficiency Calculation
1. Basic Efficiency Equation
The efficiency (\(\eta\)) of a transformer at a given load is calculated as:

\[
\eta = \frac{\text{Output Power} } {\text{Input Power}} = \frac{P {load}}{P {load} +
\text{Core Loss} + \text{Winding Losses}}

\]

At maximum efficiency, the transformer’s core loss equals the winding (copper) loss at the
rated load.

2. Core and Copper Losses

- Core Loss (\(P_{core}\)): Typically constant, independent of load, due to hysteresis and
eddy currents.

- Winding Loss (\(P_{cu}\)): Varies with load, proportional to the square of the load

current.

Given the maximum efficiency at rated load:



\[
\eta {max} = 0.98
\]

and rated load:

\[
S {rated} = 15\, \text{kVA}

\]

The losses at maximum efficiency are:

\[
P {core} =P {cu} \text{ at rated load}
\]

and the total losses at rated load:

\[
P {total} = P {core} + P {cu}
\]

From the efficiency at rated load:

\[
0.98 = \frac{15\, \text{kVA} \times 1} {15\, \text{kVA} \times 1 + P {core} + P {cu}}

\]

Since at maximum efficiency \(P_{core} = P {cu}\):

\[
0.98 = \frac{15}{15 + 2 P {core}}

\]

Solving for \(P_{core}\):

\[
15+ 2 P {core} = \frac{15}{0.98} \approx 15.31

\]

\[

2 P {core} =15.31-15=0.31

\]

\[

P {core} \approx 0.155\, \text{kW}
\]

Thus,

\[



P {core} \approx 155\, \text{W}
\]

and

\[
P {cu} \approx 155\, \text{W}

\]

Calculating All-Day Efficiency
1. Load Profile Assumptions

Transformers rarely operate at constant load throughout the day. To evaluate the all-day
efficiency, a typical load profile is assumed, often based on real-world data or standardized
profiles such as those provided by standards organizations.

A simplified, representative load profile might be:

| Load Level (kVA) | Percentage of Rated Load | Duration (hours) |
I | | I

| 0% | 0% | 4 hours |

| 50% | 50% | 8 hours |

| 75% | 75% | 6 hours |

| 100% | 100% | 4 hours |

Alternatively, load variation can be represented by a continuous function, but for
simplicity, discrete load levels are often used.

2. Calculating Energy Consumption at Different Loads

The total energy input over 24 hours is the sum of the energy consumed at each load level:

\[

E {total} =\sum {i} P {in,i} \timest i

\]

where \(P_{in,i}\) is the input power at load level \(i\), and \(t _i\) is the duration.

a. Power Input at Each Load

The input power at each load depends on the load and the efficiency at that load:

\[
P {load,i} =S i\timespf=S i
\]

(since pf=1)



The efficiency at each load level:

\[
\eta i = \frac{P _{load,i} }{P {load,i} + P {core} + P {cu,i}}
\]

But since \(P_{core})) is constant and \(P_{cu,i}\) varies with load:

\[
P {cu,i} = P {cu,\text{rated}} \times \left(\frac{S i}{S {rated}}\right)™~2
\]

Given \(P_{cu,\text{rated}} = 155\, \text{W}\):

| Load Level | \(S_i\) (kVA) | Load ratio \(\frac{S i}{S {rated}}\) | \(P_{cu,i}\) (W) |
\(P_{load,i}\) (W) | \(\eta_i\) |

I I I I | I I
|0%|0]0[O0[0]|—|

| 50% | 7.5 0.5 155 W x 0.25 = 38.75 W | 7,500 W | \(\eta_{50\%}\) |

| 75% | 11.25] 0.75 | 155 W x 0.5625 = 87.1 W | 11,250 W | \(\eta_{75\%}\) |

| 100% | 15| 1] 155 W | 15,000 W | \(\eta_{100\%}\) |

b. Efficiency at Each Load Level
Using the efficiency formula:

\[
\eta i = \frac{P {load,i}}{P {load,i} + P {core} + P {cu,i}}
\]

Calculations:

- 50% load:

\[

\eta {50\%} = \frac{7500} {7500 + 155 + 38.75} \approx \frac{7500}{7693.75} \approx
0.975 \text{ or } 97.5\%

\]

- 75% load:

\[
\eta {75\%} = \frac{11250}{11250 + 155 + 87.1} \approx \frac{11250}{11492.1}
\approx 0.979 \text{ or } 97.9\%

\]

- 100% load:

\[
\eta {100\%} = \frac{15000} {15000 + 155 + 155} = \frac{15000} {15310} \approx
0.979 \text{ or } 97.9\%



\]

Note: For 0% load, the efficiency is undefined as no load current flows; practically, the
transformer consumes core losses only, which are minimal compared to load losses at
higher loads.

3. Calculating Energy Input per Load Level
Total energy input at each load level over the day:

\[
E i=P {in,i} \timest i
\]

where

\[
P {in,i} = \frac{P {load,i}}{\eta i}
\]

Calculations:

- 50% load:

\[
P {in,50\%} = \frac{7500}{0.975} \approx 7692 \text{ W}
\]

\[
E {50\%} = 7692 \times 8 = 61,536\, \text{Wh}
\]

- 75% load:

\[
P {in,75\%} = \frac{11250}{0.979} \approx 11500\, \text{W}

\]

\[
E {75\%} = 11500 \times 6
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