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Measuring refractory thickness
Yakup Bayram* discusses a partnership between PaneraTech, Owens-Illinois  
(O-I) and Libbey Glass that has led to a breakthrough solution in the problem 
of refractory thickness measurement.

Furnace life optimisation has 
always been an imperfect goal 
for glass manufacturers. The lack 

of determining methods to measure 
refractory thickness has made it risky to 
push a furnace campaign too far without 
performing maintenance. The high cost 
of repair has meant the industry has tried 
for many years to find a way to maximise 
furnace campaign without high risk.  

Unfortunately, these efforts have 
produced only ‘improved speculation’. 
After decades of research, the industry 
appears to have conceded that this will 
always be a flawed process. The balance 
between leak prevention and asset 
optimisation has become accepted as an 
unsolvable problem.  

However, PaneraTech, a company that 
specialises in developing radar-based 
sensor solutions for asset life and process 
optimisation, was approached by O-I and 
Libbey Glass to work on a solution for 
refractory thickness measurement (Fig. 
1). PaneraTech’s engineers had the right 
background to find a method for ‘seeing 
through’ furnace walls because of its 
experience in developing advanced radar 

technologies.  
Libbey Glass, O-I and the National 

Science Foundation (NSF) Industrial 
Partnership Division in the United States 
funded the research. 

Libbey supplied the development 
furnaces (Fig. 2), PaneraTech supplied 
experienced engineers and the teams 
worked together to develop a method for 
measuring refractory thickness. The result 
is a furnace inspection and maintenance 
solution called SmartMelter.

Radar technology 
Advanced radar technology is used in 
many applications to detect anomalies, 
and PaneraTech’s engineers have 
experience working with this technology 
for defence applications and more. 

For example, radar can detect the 
early presence of tumors in the brain 
by identifying cracks and voids. This 
same technology is used to find pipes 
underground. The collaborative research 
team believed that the science behind 
these techniques could lead to a similar 
application for furnace walls.

The PaneraTech engineers applied 

their experience with radar imaging 
and computer tomography to develop 
sensors that detect areas of erosion inside 
furnace walls. These sensors launch radar 
waves into refractory walls to collect 
erosion data and refractory thickness 
measurements. Trained personnel can 
take measurements easily from the 
outside walls with the touch of a button. 
This process is safe and unintrusive, using 
the same radio waves that your phone 
uses, but with significantly less power - 
about one million times less (Fig. 3).  

The solution, which has been validated 
in several trials with major industry 
leaders, includes transmission of the 
collected data to a software system for 
evaluation and record keeping.

One-time mapping
The SmartMelter solution requires a one-
time mapping of the furnace walls for 
accurate measurement analysis. Sidewall 
blocks are mapped as numbers, and 
insulation sections are mapped as letters. 

z Fig 1. Libbey, O-I and PaneraTech team members at the early stages of Refractory Thickness Sensor 

Technology demonstration.

z Fig 2. The SmartMelter development furnace 

was designed, built and operated by Libbey Glass in 

Toledo, USA
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Once this has been completed, furnace inspection is a two-step 
process: take measurements and analyse the data.  

Two different sensors are used to detect glass infi ltration and 
measure wall thickness; the collected data is transmitted to 
SmartMelter XSight software for a ‘view’ of actual wall conditions. 

This enables condition-based maintenance for the fi rst time in the 
history of glass manufacturing.

Measuring the walls
The Refractory Thickness Sensor (RTS) records the interface between 
the glass and the wall to measure residual refractory thickness, 
such as fused cast AZS. The RTS is placed in direct contact with the 
AZS wall. The Furnace Tomography Sensor (FTS) interacts with the 
insulation layers to map early-stage glass penetration and measure 
residual insulation thickness; it is placed directly on the insulation 
wall.  

Each measurement takes about one second to record. Depending 
on accessibility to walls and size of the furnace, total furnace 
inspection can take from half a day to two days to complete.  

SmartMelter is shown to work on the following refractories and 
insulations: Fused Cast AZS, High Zirconia Fused Cast AZS (96%), 
Bonded AZS, Super Duty Fire Brick, IFB, Fire Board, Clay Flux, 
Sillimanite – just about any insulation material used in furnaces. 

The entire system is self-diagnostic and maintenance-free. The 
SmartMelter sensors don’t interfere with other instruments and can 
be used in hot environments. The sensors have touched surfaces 
as high as 1650°F (900°C) without incurring damage and they are 
designed to shut down at dangerous levels.  

Analysing the data
Once the measurements have been collected, the data is transmitted 
to software and displayed for analysis and visualisation. Each 
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z Fig 3. SmartMelter Sensors in use.
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mapped refractory block and furnace section is labeled in the 
software for complete visualisation of the refractory thicknesses 
and glass penetration areas. The software system also keeps 
records of all furnace inspections, including thermal images, 
endoscopy and visual reports.  

With this clear view into refractory walls, no speculation is 
necessary to make decisions about furnace maintenance. 

Costly measures such as applying an overcoat or shutting 
down for repairs can be postponed without risk until the actual 
condition of the furnace requires it. 

The glass industry no longer has to accept the struggle 
between safety and furnace life optimisation.

Example one: container glass 
The SmartMelter RTS Sensor was validated on a container 
glass furnace at Vidrala. PaneraTech was approached by the 
International Partners in Glass Research (IPGR) to perform 
a blind trial of the RTS Sensor before the furnace was drained 
for cold repairs. PaneraTech mapped the furnace walls and 
collected measurements five days before the drain, with no 
prior knowledge of actual wall thickness. A total of 11 spots were 
measured on the furnace from both sidewalls, a doghouse and 
the area between the throats. Before the furnace was drained, 
the collected data was submitted to Vidrala.

Vidrala recovered the original blocks and measured the actual 
residual thickness after the furnace drain. They compared 
these measurements with the measurements recorded by the 
SmartMelter RTS Sensor. The overall thickness of the wall at 
the glass line was within 4mm (0.15 inch) of the measurements 
taken by the SmartMelter. 

Example two: floatline furnace
The Refractory Thickness Sensor (RTS) was also validated by a 
successful demonstration on a float line furnace. 

A global float glass manufacturer was preparing to lower the 
glass line for hot repair and invited PaneraTech to perform a 
blind trial on one of its furnaces in Europe. Without knowledge 
of the actual thickness of the fused-cast AZS block, PaneraTech 
measured eight blocks from both sides of the float line furnace. 

A week after the measurements were taken and submitted 
to the manufacturer, the glass was lowered to a safe level. The 
blocks were recovered and the manufacturer compared the 
SmartMelter RTS Sensor data with the actual AZS thickness. 
The SmartMelter measurements were within 5mm of the actual 
thickness of the blocks. 

SmartMelter demonstration
PaneraTech is currently inviting customers to its SmartMelter 
demonstration programme. Through this programme, glass 
manufacturers can experience SmartMelter first hand. The 
participating company identifies a furnace that is at critical 
stage. Before operations cease for maintenance or rebuilding, 
PaneraTech maps the furnace and trains personnel to collect 
data with the sensors and evaluate the data in XSight software. 

PaneraTech inspects the furnace along with company 
personnel to ensure they are trained to measure walls correctly. 

The company receives complete data on the condition of 
furnace walls and retains access to XSight software for six 
months. More information is available on PaneraTech’s website. 

Hall 15 Booth E31
*CEO, PaneraTech, Chantilly, VA, USA  www.smartmelter.com
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