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ABSTRACT

Infrared thermographers involved in predictive maintenance programs often use temperature measurement as a means of
quantifying the severity of a problem. Temperature is certainly an important factor in evaluating equipment. However, if you
follow guidelines that are based solely on absolute temperature measurement -or on a temperature rise (Delta T) — you run
the risk of incorrectly diagnosing your problems. The consequences of such actions can lead to a false sense of security,
equipment failure, fire, and even the possibility ofpersonal injury. Understanding the additional factors involved in diagnosis
is essential for obtaining productive results. One of these factors is the load or current flowing through conductors. The load
can have a drastic effect on the temperature of a component. Changing loads can cause additional concerns because
temperature changes lag behind load changes. The purpose of this paper is to illustrate the relationship between load and
temperature of a faulty connection. The thermal response of a changing load is also investigated.

Keywords: Keywords: infrared, thermography, predictive maintenance, temperature, current, load, electrical inspections,
fused cut out, switch

1. INTRODUCTION

An experienced thermographer can inspect numerous components quickly with an infrared imager. In addition he or she can
make an informed recommendation to prioritize repair schedules based on the condition of the equipment rather than
according to a timetable. For the most part, these recommendations are based on temperature criteria. In a perfect world,
electrical equipment supply manufacturers would provide these threshold criteria. Currently, very little information is
available from the manufacturers. Thermographers are therefore faced with the problem of deciding how to classify
equipment as properly functioning, requiring more frequent monitoring, or critical. The problem lies in the fact that there is a
wide variety of equipment in the field that was produced by many manufacturers and installed as long as 30 years ago.
Thermally characterizing this equipment would be resource intensive. To add to the problem, variability in the conditions
under which the equipment is surveyed will have dramatic effects on the results. Several independent organizations have
begun to address this need by publishing severity criteria recommendations including the International Testing Association
and the Electric Power Research Institute.

The printed word carries a lot of weight, and many people are inclined to follow established guidelines, confident that they
are "going by the book." Inevitably, an anomaly will be found and classified as normal; or at the most, requiring
maintenance when it is convenient to do so. This anomaly then causes the equipment to fail even though all the guidelines
were followed to the letter. So, what went wrong? There are many factors that can cause this situation. Some ofthese factors
are: load, wind, solar heating, emissivity, variations in material properties (i.e. thermal conductivity), and the structure of the
target. All too often in the tables, load is ignored, loosely defmed, or grouped in with other parameters, such as equipment
type, temperature ratings, etc. The following five aspects relating to the importance of current load are examined in this
paper: temperature as a severity criteria, using delta-T's vs. absolute temperatures, compensation equations, transient vs.
steady state evaluation, and minimum load requirements for accurate thermograms.

2. TEMPERATURE AS A SEVERITY FACTOR

How hot is too hot? New thermographers ask this question often. It is a legitimate inquiry. If a sincere effort is made to
conduct a thermographic inspection in the most efficient manner, it is necessary to locate and repair problems that truly need
corrective measures; and, to avoid misdiagnosis of problems, so that efforts are not expended in fixing components that are
working properly. So, thermographers are constantly searching for a means of identifying real problems. It is inevitable that
temperature is going to be one of the factors, if not the primary factor, involved in the identification of problems. The
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classical approach to the identification of faults has been the utilization of a criteria table with temperatures and
characterizations, grade assignments, or suggested actions. Here is a typical guideline, from the International Testing
Association Maintenance Testing Specifications, 1997 (NETA MTS-1997):

4°C — 15 °C 11°C — 20°C Indicates orobable deficiency; repair as
time permits

- - - 22°C — 40°C
Monitor continuously until corrective

measures can be accomplished
> 16°C > 40°C Major discrepancy; repair immediately

Table 1 . Thermographic Survey - Suggested Actions Based on Temperature Rise

Temperature specifications vary depending on the exact type of equipment. Even in the same class of equipment
(i.e. cables) there are various temperature ratings. Heating is generally related to the square of the current;
therefore, the load current will have a major impact on temperature rise. In the absence of consensus standards for
temperature rise, the values in this table will provide reasonable guidelines.

We have examined several guidelines and standards used by various industries and utility companies and, with respect to
current load, most oftheir procedures have statements similar to the following:

". . . Corrective measures required as scheduling permits or ASAP, depending on the class of load and the severity
oftemperature rise in this range."
". . . The criteria are based on fully loaded circuits."
". . . Decision as to priorities and order of maintenance should be determined by the degree of temperature rise and

' criticality of the equipment or process involved."

We are confident that in the future we can expect to see further refmement of tables, including more variables, such as load,
wind, thermal insulating factors (elbows, splices) etc.

3. TEMPERATURE RISE

A single temperature reading, of and by itself, is usually insufficient information with respect to diagnosing a potential
problem. One must take into account the environmental temperature as well as any other heat loss or gain that can take place.
In a transformer heat is generated by eddy currents, (in the core) and by resistance, (in the windings). A correct understanding
of the equipment being inspected is essential if one is to make a proper thermographic diagnosis. And, as we shall see,
understanding how current loads contribute to temperature is an integral factor in evaluating the severity of a fault.

4. HOW RESISTANCE GENERATES HEAT

To understand why current load is important with respect to temperature measurements, it is necessary to understand how
heat is generated in electrical equipment. There is a fairly straightforward relationship between current I, resistance R, and
power P. The power generated in a circuit is the product ofthe current squared and the resistance. Or:

P=12R. (1)

All current carrying conductors used in electrical equipment have some resistance. Therefore, power will be generated in any
conductor carrying a load. Properly operating electrical equipment will have a thermal signature that depends on the type of
equipment, environmental temperatures, current load, and how long the equipment has been under load. In general,
conductors that have been carrying a reasonable current load continuously, over an extended period of time, will look hotter
than their surroundings. It is normal for conductors to heat up. Most guidelines, as indicated, suggest that thermographic
surveys should be conducted at maximum load, or at some reasonable percentage of maximum. Most electrical faults are
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essentially high resistance paths, caused by loose connections, corrosion, etc. If we assume that resistance remains fairly
constant, consider what happens as the load increases.

. If the load doubles, the power increases by a factor of four.

. Ifthe load triples, the power increases by a factor of nine.

. If the load quadruples, the power increases by a factor of sixteen.

These values clearly indicate the importance of current load with respect to power dissipated through a high resistance path.
To quantify and examine this more closely, a special test fixture was constructed. The resistance was kept constant, current
load was varied, and temperature measurements were taken.

5. TEST FIXTURE

In order to simulate a real electrical fault, a fused cutout switch was used. The fuse and copper arc-shorting rod were removed
from the fuse tube. A heating element was installed in the cap end of the fuse holder; simulating a high resistance contact
between the fuse cap and the top contact. Thermographers experienced in inspecting these devices have stated that they
cannot tell the difference between the simulated fault and a real one.

The heating element was connected to a BK isolated variable AC power supply. The output was adjusted from 0 to 120 volts
AC. A meter on the supply was used to measured voltage or current, selected by using switches. A current probe, connected
to a digital multimeter, was used to measure the current. A type K thermocouple was used to monitor the temperature at the
contacts. Thermographic temperature data were taken with a Fur ThennaCam PM 390 and saved on a PCMCIA card as 12
bit TIFF files. TherMonitor 95 Pro thermal image processing and Plot 95were used to analyze the thermal images. An area
on the cap of the fuse clip was outlined and the maximum, mean and minimum temperatures were recorded for each image.
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Figure 1. Test Setup














