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1. Abstract

Transformer failures caused by short-circuit events are relatively rare events, but such failures may result in
a catastrophic transformer failure, and/or in a major power outage and associated lost of revenues.
According to IEEE and IEC standards, transformers shall be designed to withstand the electromagnetic
forces and the thermal stresses produced during the flow of a short-circuit current. Such ability to withstand
a short-circuit can be demonstrated by short-circuit tests or may be demonstrated by calculations as
described in IEEE C57.12.00, IEEE C57.12.90 and IEC 60076-5. The need of requesting a short-circuit test
should be based on a technical evaluation of the proposed design and on an economical evaluation of the
risk associated with the possible lost of a transformer following a short-circuit event. This tutorial will provide
some of the economical and technical aspects to be considered.

Small transformers, particularly those having non-circular coils and or having low X/R, and other special
construction transformers as axial-split coil transformers may have particular behavior and/or need particular
testing method. Those covered in the proposed revision of C57.12.90 will be presented and explained.
Different test methods may be used such as the pre-set and the post-set methods. Both methods will be
described and explained and the pros and cons of each method will be identified. Experiences gained in the
past years show that the diagnostic methods used during a short-circuit test series as outlined in the
standards are sometimes not sufficient to prove that the transformer has survived the test series without
internal damages. New diagnostic tools have been developed and will be described.

Finally, recent surveys within high-power test laboratories show that the percentage of transformer designs
which survive the test on the first trial is quite low for large power transformers. In addition, a CIGRE
worldwide survey regarding transformer short-circuit failures in service show that the occurrence of a short-
circuit failures is quite low, while a recent study at Hydro-Quebec showed that transformer failure rate due to
short-circuit events is significantly higher than reported by the survey.

2. Learning Objectives

The tutorial will provide:
e Status regarding documents C57.12.00, C57.12.90;
How transformers are designed to withstand short-circuit stresses;
Conceptual understanding of the parameters involved in a short-circuit test program;
Adequacy of calculations vs. performing a test;
Importance of demonstrating the ability of a transformer to withstand a short-circuit for strategic
locations or applications;
e Description of new diagnostic tools.



3. Learning Outcomes

As a result of attending of this tutorial session members will gain:
¢ An understanding that transformer short-circuit related failures are more frequent than reported;
¢ An outline of technical and economical parameters to be analyzed when the demonstration of the
ability of the transformer to withstand the short-circuit current is considered;
¢ |nputs regarding test methodology and diagnostic techniques.
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