Should The Leakage Inductance Of An
Inductor Be In Parallel Or In Series With The
Magnetizing Inductance?

Should The Leakage Inductance Of An Inductor Be In Parallel Or In Series With The
Magnetizing Inductance?

When designing or analyzing inductors and transformer circuits, understanding the placement of
leakage inductance relative to the magnetizing inductance is crucial. The question of whether the
leakage inductance should be modeled in parallel or in series with the magnetizing inductance
influences both the theoretical understanding and practical implementation of magnetic
components. Properly representing these inductances ensures accurate simulation, optimal
performance, and effective troubleshooting of electrical systems. This article explores the
fundamental concepts, practical implications, and engineering considerations to help determine the
correct configuration of leakage and magnetizing inductances.

Understanding Magnetizing and Leakage Inductance

What Is Magnetizing Inductance?

Magnetizing inductance is the inductance responsible for establishing the magnetic flux in the core
of an inductor or transformer when current flows through it. It reflects the ideal, energy-storing part
of the magnetic circuit, representing the core's ability to support magnetic flux. The magnetizing
inductance is primarily determined by the core's geometry, material properties, and the number of
turns in the winding.

What Is Leakage Inductance?

Leakage inductance is the inductance caused by the magnetic flux that does not link the primary and
secondary windings (in transformers) or does not fully contribute to the magnetic flux in the core (in
inductors). It arises due to imperfect coupling between turns or coils, and the flux that "leaks"
outside the core region. Leakage inductance affects the frequency response, voltage regulation, and
transient behavior of magnetic components.

Modeling Inductors: Series vs. Parallel Configurations

Traditional Series Model of Inductors

In most circuit analyses, an inductor's equivalent circuit comprises a magnetizing inductance in
series with a parasitic or leakage inductance. This series model accurately captures the behavior of



inductors in steady-state AC conditions, where the leakage inductance and magnetizing inductance
are considered as two inductors connected in series. The total inductance seen from the terminals is
influenced by both components, especially during transient events.

Parallel Representation of Leakage Inductance

Alternatively, leakage inductance can be modeled as a parasitic element connected in parallel with
the magnetizing inductance. This approach is less common but is useful in certain analysis contexts,
especially when considering the leakage flux pathways that do not link the entire winding or core.

Why Is The Series Configuration the Standard Choice?

Common Practice in Circuit Modeling

In most practical and theoretical analyses, the leakage inductance is modeled in series with the
magnetizing inductance because this configuration aligns with the physical behavior of magnetic
circuits. The leakage flux is generated by the same current that produces the magnetizing flux but
follows a different path, resulting in an inductance that appears in series.

Transient Response and Voltage Behavior

Series modeling accurately predicts how voltage and current behave during transients. When a
sudden change occurs, the leakage inductance opposes abrupt current changes, and its series
placement correctly reflects this in the circuit equations. This is especially important in switch-mode
power supplies and other high-frequency applications.

Consistency with Magnetic Circuit Theory

Magnetic circuit analysis inherently considers leakage flux as a pathway that is part of the series
flux path, making the series model the most intuitive and physically accurate representation.

When Might A Parallel Model Be Appropriate?

Specialized Analysis of Leakage Paths

While the series model is standard, in certain advanced analyses—such as detailed electromagnetic
simulations or specialized equivalent circuit models—modeling leakage inductance as a parallel
element can offer insights into leakage flux pathways that do not interact directly with the core or
main flux.



High-Frequency and RF Applications

At very high frequencies, parasitic effects become more complex. Certain modeling frameworks and
simulation tools may incorporate leakage inductance as a parallel element to account for distributed
effects, parasitic capacitances, or complex flux leakage pathways.

Equivalent Circuit Simplifications

In some simplified equivalent circuits, representing leakage inductance in parallel with the
magnetizing inductance can facilitate calculations when analyzing complex multi-winding
transformers or multi-layer inductors, especially in the context of coupled inductors or advanced
filter designs.

Practical Implications and Engineering Considerations

Design and Testing

Engineers typically measure leakage inductance in series with the magnetizing inductance because
this configuration directly relates to the physical coupling and is straightforward to interpret during
testing. Accurate modeling influences transformer design, efficiency calculations, and transient
response predictions.

Simulation and Circuit Analysis

Circuit simulation tools (like SPICE) generally favor the series model for inductors, aligning with the
physical flux paths. Implementing leakage inductance as a series element allows for better transient
and frequency response analysis.

Impact on Performance and Troubleshooting

Understanding whether leakage inductance behaves as a series or parallel element influences how
engineers approach issues such as voltage spikes, ringing, and electromagnetic interference (EMI).
Correct modeling ensures more reliable performance and effective troubleshooting.

Summary and Best Practices

e The standard and most physically accurate approach is modeling leakage inductance in series
with the magnetizing inductance.

e Series modeling aligns with magnetic circuit theory and accurately predicts transient and
steady-state behaviors.



 Parallel modeling can be useful in specialized analyses, high-frequency applications, or when
employing complex equivalent circuits.

e In practical design, testing, and simulation, the series configuration remains the preferred
method for representing leakage inductance.

e Understanding the correct placement of leakage inductance enhances the accuracy of circuit
analysis, improves performance, and facilitates effective troubleshooting.

Conclusion

In summary, the leakage inductance of an inductor should generally be modeled in series with the
magnetizing inductance. This configuration best reflects the physical realities of magnetic flux
paths, accurately captures transient behavior, and aligns with standard circuit analysis practices.
While advanced applications or specific analysis techniques may sometimes benefit from a parallel
representation, for most practical purposes—especially in design, testing, and simulation—the series
model remains the most appropriate choice. Properly understanding and implementing this
configuration ensures optimal performance, reliability, and insight into magnetic component
behavior.

Frequently Asked Questions

Should the leakage inductance of an inductor be modeled in
parallel or in series with the magnetizing inductance?

The leakage inductance should be modeled in series with the magnetizing inductance because it
represents the flux that does not link the entire core and is inherently in series with the magnetizing
branch.

What is the primary reason for representing leakage
inductance in series with the magnetizing inductance?

Leakage inductance reflects the portion of the magnetic flux that leaks outside the core, and
modeling it in series accurately captures its effect on the circuit's impedance and transient response.

Can leakage inductance be modeled in parallel with the
magnetizing inductance?

No, leakage inductance is typically modeled in series because it directly affects the current path and
flux linkage, whereas parallel modeling is not representative of its physical behavior.



How does the placement of leakage inductance affect the
analysis of transformer or inductor circuits?

Placing leakage inductance in series allows for accurate analysis of voltage drops, impedance, and
transient phenomena associated with flux leakage, whereas a parallel placement would misrepresent
its effect.

Why is it important to distinguish between leakage inductance
and magnetizing inductance in design?

Differentiating between the two helps in accurately predicting device performance, such as
efficiency, voltage regulation, and transient response, since they have different roles within the
magnetic circuit.

What is the typical modeling approach for leakage and
magnetizing inductances in transformer equivalent circuits?

The standard approach is to model the magnetizing inductance as a parallel branch representing the
core flux linkage, and the leakage inductance as a series element in the primary and secondary
circuits to account for flux leakage paths.

Additional Resources

Should The Leakage Inductance Of An Inductor Be In Parallel Or In Series With The Magnetizing
Inductance?

Inductors are fundamental components in electrical and electronic circuits, serving functions
ranging from filtering and energy storage to tuning and impedance matching. Central to
understanding their behavior is the concept of inductance itself—how it interacts with other circuit
elements and how it influences circuit performance. A nuanced aspect of inductor design involves
the leakage inductance, which is an inherent parasitic property, and the magnetizing inductance,
which relates to the core's magnetic properties.

The question of whether the leakage inductance should be modeled in parallel or in series with the
magnetizing inductance is more than a theoretical concern; it impacts how engineers design,
analyze, and optimize circuits. Clarifying this relationship is crucial for accurate modeling, efficient
circuit operation, and achieving desired performance metrics.

This article explores the nature of leakage and magnetizing inductance, their roles in inductor
operation, and the reasoning behind their typical modeling configurations. We will examine the

implications of modeling leakage inductance in either parallel or series arrangements, providing
insights for engineers and students alike.

Understanding Inductance Components: Magnetizing and Leakage Inductance

Before delving into the modeling configurations, it is essential to understand the physical origins and



characteristics of the two main inductance components:
Magnetizing Inductance (Lm)

Magnetizing inductance represents the idealized inductance associated with the magnetic core of an
inductor. It quantifies the inductor's ability to establish a magnetic flux within the core when current
flows through the coil. This inductance is responsible for the main energy storage in the magnetic
field and determines the core's magnetization characteristics.

- Physical basis: It is linked to the number of turns, core permeability, and geometry.

- Behavior: Follows the ideal inductor model in the absence of parasitic effects.

- Role in circuit: Defines the bulk of the inductance and the fundamental reactive behavior.

Leakage Inductance (LI)

Leakage inductance arises from the magnetic flux that does not link the entire coil or magnetic core
but "leaks" outside the ideal magnetic path. It is a parasitic property caused by imperfect coupling
between the coil turns and the magnetic core.

- Physical basis: Due to the magnetic flux lines that do not link all turns or escape through gaps in
the magnetic path.

- Behavior: Acts as an additional inductance in the circuit, often causing voltage spikes or transient

effects.
- Impact: Can influence switching behavior, cause voltage stress, and affect filter performance.

Modeling the Inductor: Series or Parallel?

In circuit analysis and design, representing the inductor's complex behavior accurately is crucial.
The two primary approaches are:

Series Model

The most common and straightforward approach models the inductor as a series combination of two
inductances:

- Magnetizing inductance (Lm): The dominant inductance representing the ideal magnetic coupling.
- Leakage inductance (Ll): Modeled as an additional inductance in series with Lm.

This model is intuitive because the leakage inductance directly adds to the magnetizing inductance,
resulting in a total inductance:

Total Inductance (L total) = Lm + LI
Advantages:

- Simplifies analysis, especially in steady-state AC conditions.
- Clearly shows the parasitic nature of leakage inductance as an additive element.

Limitations:



- May oversimplify transient responses involving coupling and energy transfer.
- Less flexible for certain circuit topologies, such as transformer modeling.

Parallel Model

Alternatively, the leakage inductance can be represented as a parasitic element in parallel with the
magnetizing inductance, especially in more advanced or detailed models.

- Physical interpretation: Reflects the idea that some flux paths do not link the entire coil but are
associated with leakages that behave as separate magnetic circuits.

- Equivalent circuit: The leakage inductance is modeled as a parasitic inductor shunt to the
magnetizing inductance.

Advantages:

- Better suited for high-frequency modeling where leakage paths behave more like parasitic shunt
inductances.

- Can provide more accurate transient and high-frequency response predictions.

Limitations:

- Less intuitive for simple steady-state analysis.
- More complex to analyze and interpret physically.

Historical and Practical Perspectives

Traditionally, engineers have preferred the series model because of its simplicity and ease of use. It
aligns with the physical intuition that leakage inductance adds to the magnetizing inductance,
creating a total series inductance affecting current and voltage behavior.

However, in specialized fields such as high-frequency transformer design or RF circuits, the parallel

model becomes more relevant. Here, leakage flux paths often act more like parasitic shunt elements,
and modeling them as parallel inductances yields more accurate results.

Implications for Circuit Design and Analysis
Choosing the appropriate model impacts several aspects of circuit engineering:
Transient Response and Switching Behavior

In power electronics, where switches turn on and off rapidly, leakage inductance can cause voltage
spikes, ringing, and electromagnetic interference.

- Series model: Helps predict the overall impedance seen by switching elements, aiding in snubber
and snubber circuit design.



- Parallel model: Useful when analyzing high-frequency parasitic effects and resonances.
Transformer and Coupled Inductor Design

Transformers require careful modeling of leakage inductance to ensure proper impedance matching,
voltage regulation, and minimal energy loss.

- Series model: Commonly used for calculating leakage flux and leakage inductance in transformer
design.

- Parallel model: Applied in complex multi-winding transformers or coupled inductors where leakage
paths are more accurately represented as parasitic shunt elements.

Filter and Impedance Matching Applications

In filter design, leakage inductance can introduce unwanted resonances or attenuation.

- Series approach: Facilitates the calculation of the total inductance affecting the filter's cutoff
frequency.

- Parallel approach: Useful in high-frequency filters where parasitic effects dominate and shunt
inductances better capture leakage effects.

Deep Dive: Which Model Should You Use?

The decision hinges on:

- The frequency range of operation.

- The circuit topology.

- The desired accuracy.

- The nature of the inductor (power, RF, high-frequency).

For most low-frequency power applications:

- The series model suffices and is more straightforward.
- It aligns with the physical intuition that leakage inductance adds to magnetizing inductance.

For high-frequency or RF applications:

- The parallel or hybrid models offer better accuracy.
- They account for parasitic effects and high-frequency resonances more precisely.

In practice:
- Engineers often start with the series model for initial calculations.

- They refine their models using high-frequency parasitic elements, including parallel leakage
inductance, when precise behavior is necessary.

Conclusion: Bridging Theory and Application



The question of whether leakage inductance should be in parallel or in series with the magnetizing
inductance does not have a one-size-fits-all answer. Instead, it depends on the specific application,
operating frequency, and required modeling precision.

In general:

- The series model remains the most common and physically intuitive approach, especially for
steady-state and low-frequency analysis.

- The parallel model becomes essential in high-frequency, RF, or precise transient modeling
scenarios.

Understanding the physical origins and implications of each approach empowers engineers to select
the most appropriate model for their design challenges, ensuring that their circuits perform reliably
and efficiently across all operating conditions.

Ultimately, the goal is to develop an accurate, predictive model that captures the essential behaviors
of the inductor in its intended application. Whether that involves placing leakage inductance in
parallel or series hinges on the context—an insight that underscores the importance of nuanced
understanding in engineering design.
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