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Understanding the operational characteristics of transformers is fundamental in electrical
engineering, especially when analyzing their efficiency, performance, and safety. Among various
testing methods, the open-circuit (OC) and short-circuit (SC) tests are crucial for determining key
parameters such as core losses, copper losses, equivalent circuit parameters, and efficiency. This
article presents a detailed analysis of the open-circuit and short-circuit test results for a 10 KVA,
450/120 V single-phase transformer, illustrating how these tests are conducted, their significance,
and the interpretation of the results.

Introduction to Transformer Testing

Transformers are essential devices used to transfer electrical energy between circuits at different
voltage levels. To ensure their correct functioning and to accurately model their behavior, various
tests are performed during manufacturing and maintenance. The open-circuit and short-circuit tests
are standard procedures to evaluate the transformer's parameters.

Purpose of Open-circuit and Short-circuit Tests

Open-circuit test: Determines core losses (iron losses) and the magnetizing current, which
helps in calculating the equivalent circuit parameters related to the core.

Short-circuit test: Measures the copper losses in the windings and helps in determining the
equivalent resistance and reactance of the transformer, which are crucial for efficiency
calculations.

Transformer Specifications

Before analyzing the test results, it is essential to understand the specifications of the transformer
under test:

Power Rating: 10 KVA



Primary Voltage (V₁): 450 V

Secondary Voltage (V₂): 120 V

Type: Single-phase Transformer

Open-circuit Test: Procedure and Results

Test Procedure

The open-circuit test is performed by connecting the primary winding of the transformer to the rated
voltage (450 V in this case) while keeping the secondary winding open. The measurements include:

- Voltage across the primary (V₁)
- No-load current (I₀)
- Power absorbed (P₀)

The test is typically conducted at rated voltage and frequency under normal operating conditions.

Sample Data and Observations

| Parameter | Measured Value |
|--------------|----------------|
| V₁ | 450 V |
| I₀ | 0.5 A |
| P₀ | 100 W |

Analysis of Results

- Core Losses (Iron Losses): Since the no-load power mainly accounts for core losses, P₀ = 100 W
indicates the iron losses at rated voltage.
- Magnetizing Current: I₀ = 0.5 A signifies the magnetizing current, which is mainly reactive.
- No-load Power Factor: \(\cos \phi_0 = \frac{P_0}{V_1 \times I_0} = \frac{100}{450 \times 0.5}
\approx 0.44\)

Calculation of Core Loss Components

Assuming the core loss components are mainly due to hysteresis and eddy currents, the equivalent
circuit parameters can be derived:



- Core Loss Resistance (R₀):
\[
R_0 = \frac{V_1^2}{P_0} = \frac{(450)^2}{100} = 2025 \, \Omega
\]

- Magnetizing Reactance (X₀):
\[
X_0 = R_0 \times \tan \phi_0 = 2025 \times \tan \cos^{-1}(0.44) \approx 2025 \times 1.09 \approx
2205 \, \Omega
\]

These parameters are used to model the transformer's core behavior at no load.

Short-circuit Test: Procedure and Results

Test Procedure

The short-circuit test involves applying a reduced voltage to the primary winding such that the rated
current flows through the windings while the secondary is shorted. The measurements include:

- Voltage across the primary (V_sc)
- Current through the primary (I_sc)
- Power consumed (P_sc)

The test is performed at a low voltage (typically 5-10% of rated voltage) to keep the power losses
within safe limits.

Sample Data and Observations

| Parameter | Measured Value |
|--------------|----------------|
| V_sc | 45 V |
| I_sc | 22 A |
| P_sc | 220 W |

Analysis of Results

- Copper Losses: The power P_sc = 220 W represents the copper losses in both primary and
secondary windings at full load.
- Equivalent Resistance (R_eq):
\[
R_{eq} = \frac{P_{sc}}{I_{sc}^2} = \frac{220}{(22)^2} = \frac{220}{484} \approx 0.454 \,
\Omega



\]

- Equivalent Reactance (X_eq):
The applied voltage and current give the impedance:

\[
Z_{eq} = \frac{V_{sc}}{I_{sc}} = \frac{45}{22} \approx 2.05 \, \Omega
\]

\[
X_{eq} = \sqrt{Z_{eq}^2 - R_{eq}^2} = \sqrt{(2.05)^2 - (0.454)^2} \approx \sqrt{4.20 - 0.206}
\approx 2.03 \, \Omega
\]

Summary of Equivalent Circuit Parameters

| Parameter | Value |
|--------------|---------|
| R₀ (core resistance) | 2025 Ω |
| X₀ (magnetizing reactance) | 2205 Ω |
| R_eq (winding resistance) | 0.454 Ω |
| X_eq (leakage reactance) | 2.03 Ω |

These parameters are essential for calculating the efficiency and voltage regulation of the
transformer under various load conditions.

Efficiency and Voltage Regulation

Using the test results, the efficiency (η) at full load can be estimated:

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

Assuming the full load output power is 10 KVA:

\[
\text{Output Power} = 10\, \text{kVA} \times 120\, \text{V} \times \text{power factor (assumed
0.8)} \approx 8,000\, \text{W}
\]

The input power includes copper and core losses:

\[
P_{input} = P_{core} + P_{copper} = 100\, \text{W} + 220\, \text{W} = 320\, \text{W}
\]



Thus,

\[
\eta \approx \frac{8000}{8000 + 320} \times 100\% \approx 96.15\%
\]

Voltage regulation can be calculated using the equivalent circuit parameters, which indicates how
much the secondary voltage drops under full load conditions.

Conclusion

The open-circuit and short-circuit tests provide vital insights into the performance and efficiency of a
transformer. For the 10 KVA, 450/120 V single-phase transformer analyzed in this example:

- The core losses (iron losses) are approximately 100 W, indicating the energy lost in the magnetic
core.
- The copper losses at full load are around 220 W, reflecting the resistive losses in the windings.
- The calculated efficiency at full load is around 96.15%, demonstrating good performance.
- The equivalent circuit parameters derived from these tests help in modeling the transformer
accurately for various load conditions.

Understanding these test results allows electrical engineers to optimize transformer design, improve
efficiency, and ensure safe operation within electrical systems. Proper interpretation of open-circuit
and short-circuit tests is essential for maintenance, troubleshooting, and quality assurance in power
distribution networks.

---
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Frequently Asked Questions

What are the primary objectives of performing open-circuit
and short-circuit tests on a 10 KVA, 450/120 V single-phase
transformer?
The primary objectives are to determine the transformer’s core losses, magnetizing current,
equivalent circuit parameters, and copper losses, which help in assessing its efficiency and
performance.

How are the open-circuit and short-circuit tests conducted on



a 10 KVA, 450/120 V transformer?
The open-circuit test is performed by applying rated voltage to the high-voltage side with the low-
voltage side open, measuring core losses and magnetizing current. The short-circuit test involves
shorting the low-voltage side and applying a reduced voltage to measure copper losses and
equivalent resistance.

What do the results of the open-circuit and short-circuit tests
reveal about the transformer’s performance?
The results provide data on core losses, winding resistance, leakage reactance, and the equivalent
circuit parameters, which are essential for calculating efficiency, voltage regulation, and overall
performance.

Why is the short-circuit test performed at a reduced voltage,
and how does this impact the analysis?
The short-circuit test is performed at a reduced voltage because the current is high and the losses
are primarily copper losses; applying rated voltage would be unsafe and unnecessary. This simplifies
calculations and allows accurate determination of resistance and reactance.

What typical values are obtained from the tests for a 10 KVA,
450/120 V transformer, and how are these used in practical
applications?
Typical values include core loss (from open-circuit test), winding resistance, and leakage reactance
(from short-circuit test). These parameters are used to model the transformer in circuit analysis,
predict voltage regulation, efficiency, and assist in troubleshooting or designing related systems.

Additional Resources
Example 15 The Open-circuit And Short-circuit Tests Result Of 10 KVA, 450/120 V Single Phase
Transformer provides a comprehensive analysis of the electrical characteristics and performance
parameters of a typical single-phase transformer. These tests are fundamental in transformer
engineering, allowing engineers to assess core losses, copper losses, efficiency, and overall
operational behavior without dismantling the device. This detailed review aims to explore the
significance of these tests, interpret their results, and understand how they influence transformer
design, operation, and maintenance.

---

Introduction to Transformer Testing

Transformers are vital components in electrical power systems, responsible for voltage
transformation, reduction, and isolation. To ensure their reliability, efficiency, and safety, various



testing methods are employed. Among these, the open-circuit (no-load) test and the short-circuit
(short-circuit) test are standard, routine procedures that help determine core losses, copper losses,
and equivalent circuit parameters.

The 10 KVA, 450/120 V single-phase transformer serves as an ideal case study due to its manageable
size, typical voltage ratings, and widespread application in small power distribution systems. The
results of these tests inform us about the transformer's efficiency, regulation, and losses, which are
critical for both design optimization and operational planning.

---

Understanding the Open-Circuit Test

Purpose and Procedure

The open-circuit test, also known as the no-load test, is performed by applying rated voltage to the
primary winding while the secondary is left open. The primary is connected to the power supply, and
the core losses (hysteresis and eddy current losses) are measured indirectly via the power consumed
during the test. This test is conducted at rated voltage and no load current, typically very small,
making it safe and straightforward.

Procedure:
- Connect the primary of the transformer to the rated voltage (e.g., 450 V).
- Keep the secondary open.
- Measure the applied voltage (V₁), the no-load current (I₀), and the power input (P₀).
- Record the core loss component, which is primarily represented by P₀.

Key Results and Interpretation

From the open-circuit test, the essential parameters obtained are:

- Core Losses (P₀): These are constant at rated voltage and frequency, mainly hysteresis and eddy
current losses.
- No-Load Current (I₀): Typically small, representing magnetizing current.
- Magnetizing Reactance (Xₘ): Calculated from the no-load measurements, representing the
magnetizing branch.
- Core Loss Resistance (R_c): Represents the core losses in the equivalent circuit.

Sample Results for the 10 KVA Transformer:
- Input Power (P₀): 50 W
- No-Load Current (I₀): 0.5 A
- Applied Voltage (V₁): 450 V

Analysis:
- The core losses are relatively low, indicating a good quality core material and efficient lamination



design.
- The small no-load current signifies minimal magnetizing power required, leading to lower no-load
losses.

Features and Significance

- Provides data to determine the core loss component (R_c) of the equivalent circuit.
- Helps in estimating the efficiency at no load and understanding the magnetization behavior.
- Assists in designing the transformer’s core material and lamination thickness.

---

Understanding the Short-circuit Test

Purpose and Procedure

The short-circuit test evaluates the copper (winding) losses when the transformer is under load
conditions. It is performed by applying a reduced voltage to the primary winding such that the rated
current flows, with the secondary shorted. This test is conducted at a low voltage (approximately
5-10% of rated voltage) to prevent damage and to accurately measure copper losses.

Procedure:
- Connect the secondary to a short circuit.
- Apply a reduced voltage to the primary until the rated current flows.
- Measure the applied voltage (V_sc), the current (I_sc), and the power input (P_sc).
- Use these measurements to calculate equivalent circuit parameters.

Key Results and Interpretation

For the 10 KVA transformer:
- Applied Voltage (V_sc): 50 V
- Current (I_sc): 22.2 A (approximate rated current)
- Power (P_sc): 200 W

Analysis:
- Copper losses are calculated as P_cu = P_sc, reflecting the winding resistance.
- The equivalent resistance (R_eq) of the windings can be found via:

\[
R_{eq} = \frac{P_{sc}}{I_{sc}^2} = \frac{200}{(22.2)^2} \approx 0.404 \, \Omega
\]

- The leakage reactance (X_eq) is deduced from the voltage and current phase angle or impedance



measurements.

Implications:
- The low copper losses indicate good conductor quality and efficient winding design.
- Knowledge of R_eq and X_eq is essential for calculating voltage regulation and efficiency under
load.

Features and Significance

- Determines the winding resistance and leakage reactance.
- Used to estimate copper losses at different load conditions.
- Helps in the design of efficient transformers with minimal I²R losses.

---

Analysis of Test Results and Equivalent Circuit
Parameters

Combining data from both tests allows the construction of the transformer’s approximate equivalent
circuit:

- Core loss resistance (R_c): Derived from open-circuit test.
- Magnetizing reactance (X_m): Also from open-circuit test.
- Winding resistance (R_eq): From short-circuit test.
- Leakage reactance (X_eq): From short-circuit test.

Using the sample data:
- R_c ≈ 1000 Ω (based on core losses and rated voltage)
- R_eq ≈ 0.404 Ω
- X_m and X_eq can be calculated similarly, based on impedance measurements.

Interpretation:
- The core loss component (R_c) is significantly higher than winding resistance, indicating the core is
designed for minimal hysteresis and eddy current losses.
- The leakage reactance impacts voltage regulation and short-circuit current calculations.
- The low winding resistance signifies efficient winding design, reducing copper losses.

---

Efficiency and Voltage Regulation

Efficiency calculations rely on the losses identified:
\[
\text{Efficiency} (\eta) = \frac{\text{Output Power}}{\text{Input Power}} = \frac{V_{out} \times



I_{load} \times \text{power factor}}{\text{Input Power}}
\]

Voltage regulation is affected by leakage impedance:
\[
\text{Regulation} = \frac{\text{V}_{no\,load} - \text{V}_{full\,load}}{\text{V}_{full\,load}} \times
100\%
\]
which is influenced by the leakage reactance and winding resistance.

For the 10 KVA transformer:
- The efficiency at full load can be estimated considering the copper and core losses.
- Voltage regulation remains within acceptable limits due to low leakage reactance.

---

Advantages and Limitations of the Tests

Advantages:
- Non-destructive and simple to perform.
- Provides critical data for designing and analyzing transformer performance.
- Helps in diagnosing faults and assessing aging effects.

Limitations:
- Only provides approximate parameters; actual operating conditions may vary.
- Assumes linear behavior; does not account for nonlinearities like saturation.
- Cannot directly measure certain losses like stray losses without additional testing.

---

Conclusion and Practical Implications

The open-circuit and short-circuit tests are fundamental in understanding the operational
characteristics of a transformer. For the 10 KVA, 450/120 V single-phase transformer, the results
demonstrate efficient core design with low core and copper losses, indicating good manufacturing
quality and suitable performance for typical applications.

These tests inform engineers about the transformer's efficiency, voltage regulation, and loss
components, guiding maintenance decisions and operational strategies. For instance, knowing the
copper resistance allows for accurate power loss estimation under load, while the core loss data
helps in selecting appropriate materials and design modifications to improve efficiency.

In summary:
- The open-circuit test effectively evaluates core losses and magnetizing parameters.
- The short-circuit test accurately measures winding resistance and leakage reactance.
- Combining these results enables the creation of a reliable equivalent circuit model.



- Proper interpretation of test results ensures optimal transformer operation, longevity, and
efficiency.

Final thoughts:
Routine testing, including open-circuit and short-circuit procedures, is indispensable for ensuring
the safe, efficient, and reliable operation of transformers in power systems. For small transformers
like the 10 KVA model discussed, these tests provide valuable insights, supporting both quality
assurance during manufacturing and ongoing maintenance during service life.
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