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DEVELOPING PERMANENTLY INSTALLED SYSTEM FOR 

ULTRASONIC THICKNESS MONITORING IN DEMANDING 

ENVIRONMENTS BASED ON HOTSENSE® TECHNOLOGY. 

 

CRITICAL ISSUE 
Effective monitoring of asset integrity subject to corrosion and erosion while minimizing the exposure 

of personnel to difficult and potentially hazardous working environments has always been a major 

problem in many industries. One solution of this problem is permanently installed ultrasonic wall-

thickness monitoring equipment which can remotely provide information on the rate of metal loss, 

even in the most severe environments and at extreme temperatures. Here, a permanently installed 

system for ultrasonic wall-thickness monitoring based on Ionix HotSense® technology is designed and 

investigated. The system applicability for wall thickness monitoring in high temperature environment 

is demonstrated through experimental studies on pipes with specific dimensions at temperatures up 

to 350 °C. 

 

Application keywords: Oil & Gas; Chemical; Nuclear; Metal Loss 

 

 

SUMMARY 

The Challenge 
To develop and test permanently attached ultrasonic thickness measurement system based on Ionix 

HotSense® technology for wall-thickness monitoring at temperatures up to 380 °C. 

 

The Solution 
Combining the high temperature characteristics of the piezoelectric materials developed by Ionix with 

the current state of the art in the area of permanently installed ultrasonic thickness measurement 

systems, to deliver a scalable system for remote high temperature thickness monitoring. 
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BACKGROUND 
Monitoring the destructive effects of corrosion and erosion in pipes and vessels operating at high 

temperature and pressure is an ongoing problem in many industries. It is estimated corrosion and 

erosion could costs industry hundreds of billions of dollars [1]. Having a system providing information 

on the integrity of critical components could reduce significantly the cost associated with 

unscheduled plant shutdowns, lost production and repair/replacement costs.  

 

The corrosion and erosion affects the components integrity by reducing their thickness with time. 

There are different methods and techniques for measuring thickness. Ultrasonic pulse-echo thickness 

measurement [2] is one of the methods which has been successfully applied for determination of wall 

thickness which is direct indicator for the metal loss caused by corrosion or erosion. The method is 

well established mostly because it is non-invasive and offers good resolution at relatively low cost. 

The ultrasonic transducers used and their capability to withstand temperature are one of the most 

important factor which determines the maximum temperature at which measurement could be taken. 

Conventional ultrasonic transducers are limited to operating temperatures up to 180 °C due to the 

majority of devices relying on piezoelectric ceramic ‘lead zirconate titanate’ (PZT) to produce and 

detect the acoustic signal. One possibility to use such transducers at much higher temperature is to 

use an intermediate component which thermally insulates the transducer from the hot surface. Usually 

such approach requires constant cooling in order to maintain lower temperature at the end of the 

intermediate component where the transducer is located. Another possibility is to use material like 

bismuth titanate (Bi4Ti3O12) which can operate at temperatures above 300 °C. The downside of this 

approach is that such materials have relatively low activity (piezoelectric coefficient d_33)  at such 

temperatures. 

 

Ionix advanced technologies have developed HotSense® technology based on a new family of 

piezoelectric materials which can withstand temperatures up to 380 °C. The technology has been 

successfully applied in other areas where generation and reception of ultrasonic waves is required. 

 

The scope therefore of this study is to design, build and test a permanently installed system based on 

Ionix HotSense® technology which could monitor the wall thickness of a stainless steel pipe, without 

manual intervention after installation and at temperatures up to 350 °C continuously. 
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IMPLEMENTATION 
The implementation of Ionix HotSense® technology for measuring pipe wall thickness was divided in 

several steps. Two pipes made of 316 stainless steel with different outside diameter and pipe wall 

thickness were selected and sourced. The pipes were 3.5” Schedule 40 and 4” Schedule 40 with 

outside diameter 101.4mm, 114.6mm and pipe wall thickness 5.3mm, 5.6mm, respectively [1]. Two 10mm 

diameter single element 4.5 MHz ultrasonic transducers based on Ionix HotSense® technology with 

geometry suitable to couple to the curved surface of the pipes were designed. The acoustic coupling 

between each pipe and transducer was ensured by specially selected couplant which can withstand 

temperatures above 400 °C for long periods of time. Coupling between the transducer and the pipe 

wall at temperatures up to 400°C was generated by a purpose designed mounting system. The 

mounting system was held on the pipe using metal bands. All components were made of 316 stainless 

steel and assembled as shown in Figure 1. 

 

 

Figure 1: Pipe assembly. 

 

Each pipe assembly was enclosed in a box oven and heated at ambient, 50 °C to 350 °C in 50°C steps. 

Each transducer was connected via a high temperature co-axial cable, through an electrical port in the 

oven to an US-Key pulser/receiver unit. The pulser was set to deliver 100 v, 150 ns top hat pulse to the 

ultrasonic transducer and the time settings of the receiver were set in such way so the reflections 

from the outer and inner surface of the pipe can be recorded. Figure 2 show the reflections recorded 

for 3.5” Schedule 40 pipe. 
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Figure 2: Reflections from the outer and inner surface for 3.5” Schedule 40 pipe. 

 

The difference in time of flight between the reflections from the outer and inner surface of the pipe 

was determined at each temperature and converted in thickness through the temperature dependent 

acoustic speed measured in [3]. The pipe wall thickness of the 4” Schedule 40 pipe was determined in 

the same way. The results are presented in Table 1. 

 

 

Table 1: Actual vs. measured pipe wall thickness. 

 

CONCLUSION 
It was demonstrated that the wall thickness of pipe can be measured with few percent accuracy at 

temperatures up to 350 °C by using purpose designed ultrasonic, permanently installed system based 

on Ionix HotSense® technology.  
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Pipe Actual       Measured thickness, mm
size thickness 20 °C 50 °C 100 °C 150 °C 200 °C 250 °C 300 °C 350 °C

3.5" Sch 40 5.3 mm 5.33 5.31 5.29 5.30 5.29 5.33 5.32 5.32
4" Sch 40 5.6 mm 5.54 5.52 5.52 5.52 5.55 5.54 5.51 5.50
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