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Ultrasonic thickness gauging isn’t limited to testing materials 
at normal (ambient) temperatures. Measurements can be 
made on materials whose surface temperature approaches  
932 °F (500 °C). When working with metals, there may 
be times when the thickness needs to be measured during 
operations at elevated temperatures.

Oil refineries have requirements for periodic thickness 
measurements of high-temperature process piping, vessels, 
and tanks (primarily alloyed steel) using ultrasonic testing 
(UT) to monitor corrosion and other defects that can cause 
equipment failure.

The refining process starts with heating crude oil and 
putting it into a distillation column (also known as a still). 
In the still, diesel, gas, and other products boil off and 
are extracted at different temperatures. The distillation 
temperature for petroleum products ranges from as low as 
85 °F (29 °C) to greater than 1050 °F (566 °C). These high 
temperatures make inspecting refinery equipment challenging. 
Since the refining process runs continuously, the machinery 
can’t be cooled down for thickness inspections without 
shutting down the entire process. 

Heat can complicate the accuracy and efficiency of 
measurements. If the wrong transducer is used, the heat 
can damage it and shorten its useful life; many can only 
tolerate temperatures up to about 125 °F (52 °C). At higher 
temperatures, standard transducers will eventually suffer 
permanent damage due to internal disbonding caused by 
thermal expansion. Changes in temperature also affect 
sound velocity and attenuation in materials, and these 
factors need to be accounted for when taking measurements. 
Because sound velocity decreases as temperature increases, 
thickness measurements taken at a higher temperature than 

that used for calibration will result in thickness values that 
are larger than the actual part thickness. This can lead to a 
false sense of security when taking safety-critical thickness 
measurements. For this reason, it is essential to use correctly 
calibrated equipment when taking high-temperature thickness 
measurements. The following tips will help users overcome 
the challenges of testing materials at elevated temperatures.

Use a High-Temperature Dual Element 
Transducer
High-temperature transducers fall into two categories: dual 
element transducers and delay line transducers. A high-
temperature dual element transducer should be used to take 
thickness measurements of hot corroded metal with rough 
surfaces. Dual element transducers have an internal delay 
line material that serves as a thermal insulator between the 
active elements and the hot test surface, which enables the 
transducers to be in intermittent contact with hot surfaces 
without damaging the transducer element. It’s critical to 
choose a transducer that’s rated for use at the temperature of 
the inspection and to not exceed the recommended duty cycle 
of about 5 seconds of contact followed by a minimum of one 
minute of air cooling.

Use a High-Temperature Couplant
Special high-temperature couplants are required at 
temperatures greater than about 200 °F (93 °C). Most 
common ultrasonic couplants, such as propylene glycol, 
glycerin, and ultrasonic gels, will quickly vaporize if used 
on hot surfaces. Ultrasonic testing at high temperatures 
requires specially formatted couplants that will remain in 
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a stable liquid or paste form without boiling off, burning, or 
releasing toxic fumes. Standard glycerin couplant is not rated for 
temperatures above 200 °F (93 °C), so using it will result in a loss 
of signal and potential damage to the transducer. Instead, choose 
a high-temperature couplant that’s rated for the temperature of 
the inspection. A variety of high-temperature couplants rated for 
temperatures up to 1250 °F (677 °C) are readily available.

At very high temperatures, even specialized high-temperature 
couplants must be used quickly since they can dry out or solidify 
and no longer transmit ultrasonic energy. Dried couplant residue 
should be removed from the test surface and the transducer before 
the next measurement.

Increase the Gain
Sound attenuation in all materials increases with temperature. In 
typical fine-grain carbon steel alloys, attenuation at 5 MHz increases 
by more than 12 dB per ~4 in. (101.6 mm) sound path (equivalent 
to a round-trip path of ~2 in. [50.8 mm] each way) between room 
temperature and 930 °F (500 °C). This effect can require the use 
of significantly increased instrument gain when testing over long 
sound paths at high temperatures. Attenuation tends to increase 
with temperature at an even higher rate in materials such as plastics 
and composites. Most modern ultrasonic testing equipment features 
user-adjustable gain parameters. Because of the high attenuation 
levels associated with high-temperature measurements, it is often 
useful to increase the gain to attain a usable signal.

Use Temperature Compensation Software
The velocity of sound in all materials changes with temperature. 
Normally, the velocity increases as the material gets colder and 
decreases as it gets hotter, with abrupt changes near the freezing 
or melting points. Velocity changes are related to changes in 
elastic modulus and density, and, depending on the material and 
temperature range, the relationship can be significantly nonlinear. 
According to the standard ASTM E797-95, the sound velocity of 
carbon steel decreases by about 1% per 55 °C or 131 °F (ASTM 
2001). Measuring hot carbon steel with a thickness gauge set to the 
sound velocity at room temperature can lead to incorrect readings. 

Figures 1 and 2 show the changes in velocity/transit time and 
attenuation when a 0.5 in. (12.7 mm) steel block is heated to 
570 °F (300 °C). The pulse transit time increases from 4.37 µs to 
4.59 µs, and an additional 18.2 dB of gain is needed to equalize 
the echo amplitude. The change in transit time would represent a 
measurement error of about +5% or 0.025 in. (0.63 mm) if the 
operator does not recalibrate the velocity for the hot test piece.

For maximum accuracy, users need to account for the effect 
of the higher temperature on the velocity of sound. To do this, 

users need to calibrate the gauge’s sound velocity setting to the 
temperature where measurements will be made. This can be tedious 
and difficult to accomplish, but some modern ultrasonic thickness 
gauges include a temperature compensation feature that, when 
active, automatically adjusts for the change in sound velocity 
based on temperature values that are entered before the inspection 
(see Figure 3). (Please note that some temperature compensation 
software uses a temperature coefficient for carbon steel. Other 
coefficients can be calculated for different materials.) 

Figure 1. Room temperature, 24.6 dB gain.

Figure 2. 570 °F (299 °C), 42.8 dB gain.
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To use the temperature compensation software feature, calibrate 
to a reference standard at room temperature and input the 
elevated temperature of the material being tested. The gauge will 
automatically compensate for the velocity change and display the 
temperature-compensated thickness value. This software eliminates 
the need to calibrate on a heated reference standard or manually 
calculate the temperature offset, and it provides the temperature-
corrected thickness measurement in real time.

An alternative to using temperature compensation software 
is to measure after calibrating to a reference standard at room 
temperature and then input the data into a spreadsheet. After 
measuring the temperature of the test material, the inspector can 
calculate the actual sound velocity of the test material, and then 
use that number to convert their measured thickness readings to 
the correct values. This technique is not only inefficient, but the 
inspector will not know the true thickness of the part while the 
inspection is in progress and will not be able to easily identify 
incorrect measurements. Another less common technique is to heat 
a reference standard to the temperature of the test material, either 
by using heating elements or by holding the reference standard in 
contact with the test material. This technique is inefficient because 
it is difficult to handle a hot reference standard and because it 
is typically difficult to heat a reference standard up to the exact 
temperature of the test material. Once the standard is removed 
from the heating source, the temperature (and sound velocity) will 
change, leading to an inaccurate calibration.

Increase the Thickness Gauge’s Measurement 
Update Rate
Increasing the thickness gauge’s measurement update rate helps to 
reduce the amount of time required for the instrument to pick up a 
signal and the amount of time the transducer needs to be in contact 
with the hot surface. When taking measurements on very hot 
surfaces, it is recommended to use the highest measurement update 
rate possible to reduce the chance of damaging the transducer.

Apply Couplant to the Tip of the Transducer,  
Not the Surface of the Material
If couplant is applied to the surface of the hot material, it will most 
likely burn off before the user can make a measurement. Instead, 
apply an appropriate couplant to the tip of the transducer and 
couple it to the hot surface using firm pressure. Make sure not to 
twist or grind the transducer into the test surface, as this can cause 
transducer wear. Any dried couplant residue should be removed 
from the transducer tip between measurements.

Limit the Transducer Contact Time to 5 Seconds
All standard high-temperature transducers are designed with a duty 
cycle in mind. Although the delay line insulates the interior of 
the transducer, lengthy contact at elevated temperatures will cause 
significant heat buildup and, eventually, permanent damage to the 
transducer. For most dual element transducers, the recommended 
duty cycle for surface temperatures between approximately 194 °F 
(90 °C) and 797 °F (425 °C) is no more than 10 seconds of contact 
with the hot surface followed by one minute of air cooling. To be 
safe, it is typically recommended to limit contact time to 5 seconds. 
Note that this is only a guideline; the ratio of contact-to-cooling 
time becomes more critical at the upper end of a given transducer’s 
specified temperature range. If a valid thickness reading cannot 
be obtained in 5 seconds, uncouple the transducer from the hot 
surface, wait for the transducer to cool, apply more couplant to the 
tip of the transducer, and try again.

More advanced instruments enable the user to “freeze” the 
measurement screen. This is a key feature that can be used for 
high-temperature measurements since it enables the user to briefly 
couple onto the sample, capture a reading, press the FREEZE key, 
uncouple the transducer, and then make measurement adjustments 
to the A-scan.

Regularly Perform a Transducer Zero Calibration
It has been discussed that a material’s sound velocity changes 
with temperature, so as the delay lines within the dual element 
transducers heat up, they transmit sound at a different speed.       

Figure 3. Temperature compensation set to +772° F (+411 °C).
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To compensate for this, users should periodically perform 
a transducer zero calibration. A transducer zero calibration 
compensates for electronic switching delays in the gauge, cable 
delays, and transducer delays. Some ultrasonic thickness gauges 
support an automatic transducer zero calibration function. This 
can easily be performed by first wiping the couplant off the face of 
the transducer and then pressing a designated key command. This 
function recalibrates the instrument to compensate for any thermal 
drift in the transducer. 

Never Let the Transducer Get Too Hot to Hold
As a general rule, if the outer case of the transducer becomes too 
hot to comfortably hold with bare fingers, then the interior of the 
transducer is reaching a potentially damaging temperature and the 
transducer must be allowed to cool down before testing continues. 
Let the transducer cool in air or dip the face of the transducer 

in ambient temperature water. Users should then re-zero by 
performing a transducer zero calibration.

Performing ultrasonic thickness measurements on high-
temperature materials poses a challenge to inspectors in many 
industries. However, with the correct equipment and techniques 
outlined in this article, it is possible to obtain accurate and 
repeatable thickness measurements on materials as hot as  
900 °F (482 °C).  h
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