The Following Data Refer To A 1-phase
Transformer: Turn Ratio 19.5: 1 R1 = 25 ; X1
= 100 ; R2 = 0.06

The Following Data Refer To A 1-phase Transformer: Turn Ratio 19.5: 1 R1 = 25 ; X1 = 100
; R2 = 0.06

Understanding the specifications and parameters of a transformer is essential for electrical engineers,
technicians, and students involved in power systems and electrical equipment design. The data
provided—namely, a single-phase transformer with a turn ratio of 19.5:1, resistances R1 and R2, and
reactance X1—serves as a foundation for analyzing transformer behavior, efficiency, and

performance. This article delves into these parameters, explaining their significance, how to interpret
them, and their impact on the operation of the transformer.

Introduction to Transformer Parameters

Transformers are electrical devices used to transfer electrical energy between circuits through
electromagnetic induction. The core parameters that define their operation include the turn ratio,
winding resistances, and reactance. These parameters influence voltage transformation, efficiency,
regulation, and overall performance.

Understanding the Given Data

The data provided for the transformer includes:

e Turn Ratio: 19.5:1
e Primary Resistance (R1): 25 ohms
e Primary Reactance (X1): 100 ohms

e Secondary Resistance (R2): 0.06 ohms

This information provides a comprehensive view of the transformer's electrical characteristics,
enabling detailed analysis and calculations.

Significance of the Turn Ratio



Definition and Calculation

The turn ratio defines the ratio of the number of turns in the primary coil to those in the secondary
coil. A ratio of 19.5:1 indicates that the primary winding has approximately 19.5 times more turns
than the secondary.

Mathematically, the turn ratio (n) is expressed as:
n=Np/Ns=19.5/1

where Np is the number of turns in the primary, and Ns in the secondary.

Impact on Voltage Transformation

The turn ratio directly influences the voltage transformation:

e Primary Voltage (Vp): The input voltage applied to the primary winding.

e Secondary Voltage (Vs): The output voltage across the secondary winding.

The relationship is:
Vs = Vp / Turn Ratio
or equivalently,
Vs=Vp/19.5

Assuming a primary voltage of 380V, the secondary voltage would be approximately 19.5V, ideal for
step-down applications.

Analyzing Resistance and Reactance

Primary Resistance (R1 = 25 ohms)

This resistance accounts for the winding resistance of the primary coil. It causes power losses (I?R
losses) as current flows through the winding, impacting efficiency.



Primary Reactance (X1 = 100 ohms)

Reactance reflects the inductive nature of the winding and the core's magnetic properties. It
influences the voltage drop across the winding during operation and affects the power factor.

Secondary Resistance (R2 = 0.06 ohms)

The secondary resistance is much lower, indicating a high-quality winding with minimal losses,
beneficial for efficient power transfer.

Calculating Equivalent Circuit Parameters

Analyzing the transformer involves constructing an equivalent circuit that simplifies the complex
electromagnetic phenomena into resistances and reactances.

Reflected Resistance and Reactance

Since the primary and secondary resistances and reactances are different, they are often referred to a
common side (preferably the primary) for analysis.

» Reflected secondary resistance (R2'):

R2'=R2 x (Np/Ns)?2=0.06 x (19.5/1)?> = 0.06 x 380.25 = 22.8 ohms

» Reflected secondary reactance (X2'):

X2' = X2 x (Np / Ns)?

Since no data is given for X2, it is often assumed to be negligible or similar to X1 if symmetrical.

The total primary equivalent resistance (R_eq):
R_eq =Rl + R2'= 25 + 22.8 = 47.8 ohms
Similarly, the total reactance (X_eq):

X eq = X1 + X2' = 100 + (assumed) X2'



This equivalent circuit helps in calculating voltage regulation and efficiency.

Transformer Efficiency and Voltage Regulation

Efficiency
Efficiency (n) indicates how effectively the transformer transfers power from primary to secondary:

n = (Output Power / Input Power) x 100%

Losses primarily occur due to winding resistances (R1, R2) and core losses (hysteresis and eddy
currents, not detailed here).

Voltage Regulation

Voltage regulation measures the change in secondary voltage from no load to full load:

 Expressed as a percentage:

e Regulation (%) = [(V_no load - V_full load) / V_full load] x 100%
High reactance causes voltage drops under load, impacting regulation.

Applications and Practical Considerations

Design Implications

The given parameters suggest a transformer designed for specific voltage and current levels, likely in
control circuits or low-voltage distribution.

Efficiency Optimization

Minimizing R2 and managing reactance are crucial for improving efficiency, especially at high power
levels.



Maintenance and Testing

Regular testing of resistance and reactance values ensures the transformer operates within desired
parameters, preventing failures.

Conclusion

The provided data for this 1-phase transformer offers vital insights into its operation and performance.
The turn ratio of 19.5:1 signifies a step-down transformer suitable for applications requiring voltage
reduction. The resistances and reactance values highlight the importance of winding quality and
electromagnetic characteristics, affecting efficiency, voltage regulation, and overall system stability.

Understanding how to interpret and use these parameters enables engineers and technicians to
optimize transformer design, troubleshoot issues, and ensure reliable electrical power distribution.
Proper analysis of the resistance and reactance, along with the turn ratio, forms the foundation for
designing efficient, safe, and effective transformer systems.

By mastering these concepts, professionals can ensure the optimal operation of transformers in
various electrical applications, from small control circuits to large power distribution networks.

Frequently Asked Questions

What does a turn ratio of 19.5:1 indicate in a 1-phase
transformer?

It indicates that the primary winding has 19.5 times more turns than the secondary winding,
determining the voltage transformation level between the two sides.

Given R1 = 25 Q and X1 = 100 Q, how do these parameters
affect the transformer’s performance?

R1 and X1 represent the primary winding's resistance and reactance, respectively, influencing the
equivalent impedance, voltage regulation, and efficiency of the transformer.

With a secondary resistance R2 of 0.06 Q, what impact does
this have on the transformer’s efficiency?

A very low R2 value reduces losses on the secondary side, thereby improving overall efficiency,
especially under load conditions.

How can the given data be used to calculate the impedance



looking into the primary side of the transformer?

Impedance can be calculated by converting the secondary resistance using the square of the turns
ratio and then adding primary resistance and reactance accordingly.

What are the typical applications of a transformer with a turn
ratio of 19.5:1?

Such transformers are commonly used for stepping down high voltages to lower levels in distribution
systems, measurement, or control applications where voltage reduction is required.

Additional Resources
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Introduction

Transformers are fundamental components in electrical power systems, serving the critical role of
voltage transformation, impedance matching, and power distribution. Among the various types,
single-phase transformers are prevalent in residential, commercial, and specialized industrial
applications due to their simplicity, efficiency, and ease of installation. This article delves into the
specifics of a 1-phase transformer characterized by a turn ratio of 19.5:1, along with detailed
electrical parameters such as resistances and reactances. Understanding these parameters is
essential for assessing transformer performance, analyzing faults, and ensuring proper integration
within electrical systems.

Overview of the Transformer Specifications

The data provided indicates a transformer with the following key characteristics:
- Turn Ratio: 19.5:1

- Primary Resistance (R1): 25 ohms

- Primary Reactance (X1): 100 ohms

- Secondary Resistance (R2): 0.06 ohms

These parameters form the basis for an in-depth analysis of the transformer's electrical behavior
under various operating conditions.

Understanding the Turn Ratio and Its Significance
What Is the Turn Ratio?

The turn ratio (N1:N2) of a transformer indicates the proportion of turns in the primary coil (N1) to the



secondary coil (N2). It directly influences the voltage transformation ratio, as per the fundamental
relation:

\[
\frac{V_{primary}}{V_{secondary}} = \frac{N_1}{N_2}
\]

Given a turn ratio of 19.5:1, this implies that the primary winding has 19.5 times more turns than the
secondary winding.

Implications for Voltage and Current
- Voltage Transformation: If the primary voltage is known, the secondary voltage can be calculated by

dividing the primary voltage by 19.5.
- Current Transformation: The current ratio is inverse to the turn ratio:

\[
\frac{l_{secondary}}{l {primary}} = \frac{N_1}{N 2} =19.5
\]

Hence, the secondary current is approximately 1/19.5 of the primary current, making the transformer
suitable for stepping down higher voltages to lower, safer levels.

Electrical Parameters: Resistance and Reactance

Primary Resistance (R1 = 25Q)

This resistance accounts for the winding resistance of the primary coil, which causes power losses in
the form of heat. A higher R1 indicates more resistive losses, which must be considered during
efficiency calculations.

Primary Reactance (X1 = 100Q)

The reactance reflects the inductive nature of the coil, influencing the impedance and phase shift
between voltage and current. It plays a vital role in the voltage regulation and the overall
performance of the transformer.

Secondary Resistance (R2 = 0.06Q)

The secondary resistance is significantly lower than the primary resistance, which is typical owing to

differences in wire gauge and winding length. This low R2 minimizes secondary power losses,
enhancing efficiency.

Deep Dive: Impedance Calculations and Implications

Calculating Primary Impedance (Z1)



The primary impedance can be expressed as:

\[
Z1=R.1+jX 1=25+ 100\ \Omega
\]

The magnitude of this impedance:

\[

[Z 1] =\sqrt{R 172 + X 172} =\sqrt{2572 + 100"2} = \sqrt{625 + 10,000} =\sqrt{10,625}
\approx 103.07\, \Omega

\]

Reflecting Secondary Resistance to Primary Side

The secondary resistance R2 can be reflected to the primary side using the square of the turns ratio:

\[

R_{2,reflected} = R_2 \times \left(\frac{N_1}{N_2}\right)~2 = 0.06 \times (19.5)"2 \approx 0.06
\times 380.25 \approx 22.8\, \Omega

\]

Similarly, the secondary reactance X2 (if not given) can be reflected:

\[
X _{2,reflected} = X_2 \times (19.5)"2
\]

However, since X2 is not provided, we primarily focus on the reflected resistance for loss estimation.

Losses and Efficiency Considerations
Copper Losses
Copper losses are primarily due to winding resistances:

\[
P {loss} =1 {primary}"~2 R 1+ 1 {secondary}"~2R 2
\]

Considering the reflected secondary resistance, total resistive loss can be approximated as:

\[
P {loss} \approx |_{primary}~2 (R_1 + R _{2,reflected})
\]

Because R2 is low, the primary resistive loss dominates. This emphasizes the importance of selecting
conductors with low resistance to improve efficiency.



Core Losses

Core losses (hysteresis and eddy current losses) depend on the material and construction but are not
specified here. They are typically evaluated separately during detailed design considerations.

Voltage Regulation and Impedance Voltage

The impedance voltage (or regulation voltage) is a measure of how much the terminal voltage drops
under load, expressed as a percentage:

\[
\text{Regulation} = \frac{(V_{no\load} - V_{full\,load})}{V_{full\,load}} \times 100\%
\]

Given the impedance components, the regulation can be estimated from the reactance and resistance
ratios, which influence the voltage drop during load conditions.

Practical Applications and Suitability
The specified transformer parameters suggest a device designed for:

- Voltage Step-Down Applications: Given the 19.5:1 turn ratio, the transformer is well-suited for
applications requiring significant voltage reduction, such as connecting high-voltage supply lines to
low-voltage consumer equipment.

- Measurement and Instrumentation: The low secondary resistance and high reactance may be
favorable in precision measurement scenarios where impedance matching is critical.

- Industrial Control and Automation: The transformer can be integrated into control circuits that
require isolation and voltage transformation.

Critical Analysis: Strengths and Limitations
Strengths:

- High Turn Ratio: Enables substantial voltage reduction, suitable for high-voltage to low-voltage
conversion.

- Low Secondary Resistance: Minimizes secondary losses, improving overall efficiency.

- Clear Impedance Profile: The reflected impedance can be accurately modeled for system analysis.

Limitations:

- High Primary Reactance: May introduce phase shifts and influence voltage regulation negatively.
- Significant Primary Resistance: Could lead to notable I?R losses, particularly under high load.

- Lack of Core Data: Without core material properties, comprehensive efficiency and loss analysis
remain incomplete.



Future Considerations and Design Optimization

For enhancing performance and adapting this transformer for specific applications, several factors
should be examined:

- Core Material Selection: To reduce hysteresis and eddy current losses, optimizing core material and
lamination thickness is essential.

- Winding Design: Using conductors with lower resistivity or increasing conductor cross-sectional area
can reduce R1.

- Impedance Matching: Fine-tuning reactance values can improve voltage regulation and reduce
phase shifts.

- Thermal Management: Ensuring adequate cooling for primary windings, especially given the
resistive losses, is critical.

Conclusion

The detailed data on this single-phase transformer with a 19.5:1 turn ratio and specified
resistance/reactance parameters offers valuable insights into its operational characteristics. The
primary resistance and reactance define its impedance profile, influencing voltage regulation,
efficiency, and fault behavior. Its low secondary resistance points to a design optimized for minimal
secondary losses, making it suitable for voltage reduction tasks in various electrical systems.

Understanding these parameters allows engineers and technicians to accurately model the
transformer’s performance, predict its behavior under load, and identify potential avenues for
optimization. As with all electrical devices, comprehensive analysis that incorporates core
characteristics, thermal considerations, and application-specific requirements is essential for ensuring
reliable and efficient operation.
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This comprehensive review provides a foundational understanding of the specified single-phase
transformer, emphasizing the importance of electrical parameters in its design, performance, and
application.
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