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1. Abstract 

All electromagnetic apparatus with iron cores have varying degrees of magnetic 
remnance, which retains a substantial portion of the magnetic induction to which the 
core is driven until polarity is reversed at the power source. This characteristic of iron 
means that when magnetizing power is removed, as with opening a switch, that the core 
remains magnetized. When power is reapplied to the core, the magnetic state to which 
the core will next be driven depends on the phase angle of the source relative to the 
retained magnetic state of the core. If the phase angle is identical to the state when the 
circuit was switched off, then magnetizing current will remain well behaved, and of very 
small amplitude. However, if the phase angle is sufficiently out phase and at a voltage 
zero, a very large inrush current will result. This seminar examines the inrush condition, 
looking at causal factors, amplitude with size and type of transformer as well as the 
effect of source impedance. Analytical examination of harmonics is considered as well 
as the impact on differential protection. Speakers include manufacturers and users in an 
open dialogue with plenty of opportunity for audience interaction! 

2. Learning Objectives 

Highlights of this seminar will be the following: 

• Fundamentals of inrush 
• Circuit analysis without and with resistance included 
• Algorithms for inrush calculations 
• Typical inrush currents versus power ratings, winding connections, core materials, and 

other factors 
• Energy levels, wave shapes and second harmonic determination 
• Impact on differential protection, and false tripping avoidance 
• Operating practice at the user end 

3. Proposed Learning Outcomes 

A much better understanding of inrush currents and what to expect when transformers 
are applied in both step-down and step-up conditions as well as the impact of delta or 
grounded wye winding connection schemes. The audience will gain an appreciation for 
how inrush current changes with time, including the first half cycle, the first full cycle, 
and the 1/10th second points, so important to over-current protection. The audience will 
also see the impact of inrush on differential relays and learn how to use the second 
harmonic to control false tripping. 
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