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1.  Abstract 
 
Occasionally, when a transformer is switched into or out of a system, the transient voltage produced at 
the terminals of the transformer may contain a high frequency oscillatory component.  This oscillatory 
voltage is the result of the system configuration and breaker characteristics.  When this voltage has a 
frequency component near one of the natural frequencies of the transformer, and is of sufficient 
magnitude and duration, damage to the internal insulation structure of the transformer may result.  This is 
a subject of interest of both the IEEE Transformers Committee and CIGRE. 
 
This presentation explores the internal transient voltages that maybe produced as a result of the 
application of oscillatory voltages to the input terminal of a transformer.  These transients are typically 
produced by the interaction of the transformer, breaker, load, and system.  This presentation defines 
conditions that may produce voltages adverse to the transformer insulation system.  It discusses the 
electrical characteristics of the system source, breaker, transformer, and load and the nature of their 
transient interaction.  It suggests mitigation techniques.  Several examples are provided. 
 
2.  Learning Objectives    
 
This presentation will discuss the characteristics of the breaker, transformer and load, and their 
interaction.  Specific topics discussed are:  
 
• Characteristics of switching devices including closing phenomena addressing both ideal energization 

and repetitive reignitions.  Opening phenomena will be discussed addressing both ideal interruption, 
current chopping, reignitions and repetitive reignitions.  Device characteristics will be presented 
outlining the difference between switches and breakers and the differences between various 
interrupter mediums. 

 
• Impedance characteristics of transformers will be explored and compared to normal impulse voltage 

characteristics.  An example of a two winding transformer will be used to illustrate the definitions of 
resonance and internal amplification. 

 
• The dynamic interaction of a system, breaker, and transformer will be explored. The effect of system 

topology will be examined. Mitigation methods will be suggested.   Finally, several examples will be 
presented. 

 
3.  Learning Outcomes 
 
The purpose of this presentation is to provide the participant a review of the characteristics of breakers 
and transformers and their unique interaction to aid in their recognition of conditions and applications 
where transformers are subjected to oscillatory switching transients that maybe damaging to their internal 
insulation structure.  Additionally, this presentation will discuss means to quantify their effect, and, if 
necessary, present methods of mitigation.  Additionally, it will discuss the work presently underway by the 
IEEE and CIGRE. 
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