Transformer Inrush Current Explained Causes,
Risks and How to Reduce It
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Transformer Inrush Current Explained: when a transformer is first energised, it can draw a current far higher than its normal
operating level for a very short period. This is known as inrush current.

In many applications, it is brief and manageable. In others, it creates real problems. Nuisance tripping, blown fuses, stressed
components and voltage dips can all happen if the transformer and wider system are not properly matched. For engineers, panel
builders and OEMs, it is one of those issues that is easy to overlook until it starts causing disruption.

At Majestic Transformer Co, this is not a theoretical problem. The company already highlights low inrush transformer work as part of
its custom manufacturing capability, alongside a wider range of bespoke transformer solutions for industrial and specialist
applications.

What Is Transformer Inrush Current?

Transformer inrush current is the temporary surge of input current that occurs the moment power is applied. It usually lasts for only a
short time, but during that window it can be many times higher than the transformer’s full load current.

This happens because the transformer core is establishing magnetic flux from its energised state. Depending on the point in the AC

cycle at switch-on, the transformer can briefly demand a very high magnetising current before settling into normal operation.
In plain English, the transformer is not faulty. It is reacting to the way magnetism builds inside the core at startup.

Why Does Inrush Current Happen?

Several factors influence how severe inrush current becomes:

1. Switching point on the AC waveform

If the transformer is energised at an unfavourable point in the cycle, the magnetic flux can rise sharply and cause a higher surge.

2. Residual magnetism in the core

When a transformer is switched off the core will usually retain magnetism (remanence) from that operation and the next energisation
event can produce a large inrush current.

3. Transformer design

Core material, winding arrangement, rating and overall construction all affect startup behaviour. This is one reason custom
transformer design can matter in real-world installations.

4. Load and application conditions

Some systems are simply less tolerant of startup surges. Protective devices, upstream supply limitations and connected equipment
can all make inrush more of anissue.

What Problems Can Inrush Current Cause?
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A transformer with high inrush current may still work perfectly well once running, but the startup surge can trigger problems
elsewhere in the system.

Common issues include:

e Nuisance tripping of breakers or protection devices
e Blown fuses during energisation

o \oltage dips affecting nearby equipment

e Stress on switchgear, relays and contactors

e Reduced reliability in sensitive or tightly specified installations

This matters particularly in industrial environments, control systems and custom-built equipment where startup behaviour needs to
be predictable.

When Does Low Inrush Design Matter Most?

Low inrush transformer design becomes more important when:

e The supply is limited or sensitive

e Protective devices are tripping during startup

e The transformer is part of a control panel or specialist machine build

e Equipment must restart reliably without faults

e There are repeated energisation cycles

e The application has tighter electrical performance requirements than a standard off-the-shelf unit can meet

Majestic already positions custom transformers as the right option where standard catalogue units do not suit the application,
especially in cases involving unusual voltage combinations, restricted space, environmental protection and high inrush loads.

How Can Inrush Current Be Reduced?

There is no one-size-fits-all fix. The right approach depends on the transformer, the application and the wider electrical system.

Transformer design changes

A bespoke transformer can be designed to reduce startup surge through core and winding choices tailored to the application.

Soft-start or control methods

In some systems, external components can help manage startup conditions, though this can add complexity and more points of
failure.

Correct protection selection

Sometimes the issue is not the transformer alone but the mismatch between its startup characteristics and the selected protective
devices.

Application-led specification

This is the bit people skip. If the actual operating environment, supply conditions and switching behaviour are not considered at
specification stage, inrush problems are much more likely later.

Standard Transformer or Bespoke Solution?

For routine applications, a standard transformer may be completely fine. Majestic offers a range of standard products including Single
Phase Cased Transformers and Custom Transformers depending on the requirement. Their cased single-phase units are commonly

used for low voltage tools, lighting and machine voltage conversion, while their custom transformer offering is aimed at applications
needing a more tailored solution.
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Where startup surge is causing problems, though, a bespoke low inrush design is often the smarter route. It can remove the need for
extra workaround components and produce a cleaner, more reliable long-term result. That’s exactly the kind of practical trade-off
shown in Majestic’s low inrush case study.

Signs You May Need a Low Inrush Transformer

You may want to review your transformer specification if:

e Breakers trip at power-up but not during normal running

o Fuses fail during startup

e The transformer works, but the installation behaves unpredictably when energised

e You are building a control panel, machine or specialist system with tight electrical tolerances

e Astandard unit has already created startup issues

That usually means the conversation needs to move away from catalogue selection and toward application-specific design.

Need Help Choosing the Right Transformer?

Inrush current is one of those problems that can look small on paper and become expensive in practice. The best fix is usually not
guesswork. It is getting the transformer and system specification right from the start.

If your application is experiencing startup issues, Majestic Transformer Co can help assess the requirement and advise whether a
standard transformer or a bespoke low inrush design is the better fit. Majestic has been manufacturing custom electrical

transformers since the early 1940s and positions bespoke design as a core part of its offer.

FAQ
What is the transformer inrush current

Transformer inrush current is the temporary surge of current that occurs when a transformer is first switched on. It can be several

times higher than the normal operating current, even when the transformer is working correctly.

Is inrush current normal in a transformer

Yes, a certain level of inrush current is normal when a transformer is energised. The issue is not whether it happens, but whether the

surge is high enough to cause problems such as tripping breakers or stressing system components.

What causes high transformer inrush current

High inrush current is usually caused by the point on the AC cycle when the transformer is switched on, residual magnetism in the

core, the transformer’s design, and the conditions of the electrical system it is connected to.

Can transformers inrush current trip breakers

Yes, If the startup surge is high enough, it can trip circuit breakers, blow fuses, or activate other protective devices, even if the

transformer runs normally once energised.

How long does the transformer inrush current last

It usually lasts for a very short time when the transformer is first switched on. Even though it is brief, it can still cause real issues if the
installation is sensitive or poorly matched.

How can transformer inrush current be reduced

Inrush current can be reduced through better transformer design, correct specification, suitable protective device selection, and in

some cases soft-start or control methods. In more demanding applications, a bespoke low inrush transformer may be the best option.

When should | consider a low inrush transformer

You should consider a low inrush transformer if breakers trip at startup, fuses blow during energisation, or your application requires
more controlled and reliable switching performance.

Explore our developer-friendly HTML to PDF API Printed using PDFCrowd R IMGEY Y



https://pdfcrowd.com/api/html-to-pdf-api/?ref=pdf
https://pdfcrowd.com/?ref=pdf
https://pdfcrowd.com/html-to-pdf/?ref=pdf

Is a custom transformer better for high inrush applications

In many cases, yes. A custom transformer can be designed around the specific electrical and operational demands of the application,
which can help reduce startup issues and improve reliability.
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Newsletter

Sign up to receive the latest design and manufacturing news for bespoke and custom built electrical transformers.
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