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ANSI/IEEE defines a transformer as a static electrical 'device, involving no continuously moving parts, 
used in electric power systems to transfer power between circuits through the use of electromagnetic 
induction. The term power transformer is used to refer to those transformers used between the generator 
and the distribution circuits, and these are usually rated at 500 kVA and above. Power systems typically 
consist of a large number of generation locations, distribution points. and interconnections within the 
system or 'Nith nearby systems, such as a neighboring utility. The complexity of the system leads to a 
variety of transmission and distribution voltages. Power transformers must be used at each of these 
points where there is a transition between voltage levels. 

Power transformers are selected based on the application, with the emphasis toward custom design 
being more apparent the larger the unit. Power transformers are available for step-up operation, 
primarily used at the generator and referred to as generator step-up (GSU) transformers, and for 
step-down operation, mainly used to feed distribution circuits. Power transformers are available as 
single· phase or three-phase apparatus. 

The construction of a transformer depends upon the application. Transformers intended for indoor 
use are primarily of the dry type but can also be liquid immersed. For outdoor use, transformers are 
usually liquid immersed. This section focuses on the outdoor, liquid-immersed transformers, such as 
those shown in Figure 2.1. 
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2·2 Electric Power Transformer Engineering. Second Edition 

FIGURE 2.1 20 MVA, 161:26.4 x 13.2 kV with LTC, three phase transformers. 

2.2 Rating and Classifications 

2.2.1 Rating 

In the U.s" transfonuers are rated based on the power output they are capable of delivering continu
ously at a specified rated voltage and frequency under "usual" operating conditions without exceeding 
prescribed internal temperature limitations. Insulation is known to deteriorate with increases in 

temperature, so the insulation chosen for use in transfonuers is based on how long it can be expected 
to last by limiting the operating temperature. The temperature that insulation is allowed to reach under 
operating conditions essentially detenuines the output rating of the transformer, called the kVA rating. 
Standardization has led to temperatures within a transformer being expressed in tenus of the rise above 
ambient temperature, since the ambient temperature can vary under operating or test conditions. 
Transformers are designed to limit the temperature based on the desired load, including the average 
temperature rise of a winding, the hottest-spot temperature rise of a winding, and, in the case of liquid
filled units, the top liquid temperature rise. To obtain absolute temperatures from these values, simply 
add the ambient temperature. Standard temperature limits for liquid-immersed power transformers are 
listed in Table 2.1. 

The nonnallife expectancy of a power transformer is generally assumed to be about 30 years of service 
when operated within its rating. However, under certain conditions, it may be overloaded and operated 
beyon<:l its rating, with mOderately predinable ~loss oflife." Situations that might involve operation beyond 
rating include emergency rerouting of load or through-faolts prior to dearing of the faolt condition. 

Outside the U.S., the transformer rating may have a slightly different meaning. Based on some 
standards, the kVA rating can refer to the power that can be input to a transformer, the rated output 
being equal to the input minus the transformer losses. 

TABLE 2.1 Standard Lirn.its for Temperature Rises Above Ambient 

Average winding temperature rise 
Hot spot temperature rise 
Top liquid temperature rise 

'The base rating is frequently specified and tested as a 55'C rise. 
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