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ABSTRACT

Estimation of the remaining life of a power transformer in service has been of a big concern
to most owners, especially when it is known to have been overloaded either continuously or
intermittently over long periods. Therefore, to make economical decisions for such transformer
replacement, it is critical to estimate the remaining life expectancy. This paper discusses, in detail,
the insulation aging and life expectancy estimation of oil-filled transformers and also provides a
simplified transformer overloading guidelines.

1. INTRODUCTION

Emergency and/or planned overloading capability of power transformers beyond their nameplate
rating is primarily limited by the winding hottest-spot temperature.  It depends on several factors including
design and operating characteristics, daily load curve, historical loading data, testing and maintenance
program, and specific applications. Determining accurately the hottest-spot temperature is very critical to
the transformer overall life expectancy assessment.

Most transformer failures can be related to the thermal deterioration of insulation which is
known to be a function of both time and temperature. For liquid-filled transformers, the traditional
winding insulation system is thermally upgraded oil-impregnated (cellulose) paper. Over time, the
paper loses mechanical (tensile) and electrical strength (surge withstand capability) and becomes
brittle when exposed to elevated operating temperatures causing the deterioration of the insulating
properties. Oxygen and water are the primary agents that degrade cellulose insulation. Heat acts as
catalysts and accelerates the reactions in producing various oil-degradation products.

The winding (I2R) losses, the core losses, and the stray losses in the tank and metal support
structures are the principle sources of heat that cause the oil and winding temperature rises.  Individual
temperature rises taken at different locations may vary due to local eddies. However, there may be
significant differences between top and bottom oil rises, and this depends on the design of the cooling
systems and winding construction. The difference between the top and bottom oil rises with forced oil
cooling (FOA) will be in the order of only a few degrees, whereas, this difference will be several times
larger for forced air cooled (FA) transformers.  A typical simplified transformer cooling model used for
analysis is illustrated in Fig. 1.
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Life Insulation Normal

T x EQAF
Life of Loss% 100×= ���������������������������������������8�
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End of Life Criteria Hours (Yrs.) 
50% retained tensile strength (RTS) 65,000   (7.42) 
25% retained tensile strength (RTS) 135,000 (15.41) 

200 retained RDP or 20% (RTS) 150,000 (17.12) 
Distribution Transformer 
Functional Life Test Data 

180,000 (20.55) 
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Life Normal � O2%H  2

O2Life@0.5%H Normal
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Type of Loading Current 
(pu.) 

Winding 
Hot-spot 

Top-oil 
Temp. 

Normal Life Expectancy Loading 2 120 105 
Planned Loading beyond the Nameplate Rating 2 130 110 
Long-Time Emergency Loading 2 140 110 
Short-Time Emergency Loading 2 180 110 
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