Temperature control

Achieving temperature accuracy
in low emissivity environments
Dr Fiona Turner* looks at the challenge of creating visually perfect glass panes
and how a consistent surface temperature profile can help to achieve that.

T

here is strong demand around the
world for heat-strengthened and
thermally tempered glass products.
However, to create visually perfect glass
panes, or lites, the stress across the entire
lite must be kept even during processing
and that requires precise temperature
control.
Infrared
temperature
measurement technology helps achieve
that by generating a thermal map of the
product that allows for better process
control. The mapping of low emissivity
glass, however, can be a challenge.

popular for architectural applications.
Low emissivity means there is very
little emitted radiation for an infrared
instrument to measure. There are hundreds
of different grades of low emissivity glass,
all with different emissivity values, so just
one compensation value cannot be used
for all glass types.
Low emissivity glass is also produced in
the same furnaces as uncoated glass, so

Thermally tempered glass
The thermal tempering process involves
glass being heat treated and then rapidly
cooled in a controlled manner in an air
quench section.
This gives the product its performance
benefits, ensuring it produces harmless
dice when broken, instead of sharp shards
that could be potentially dangerous if
used within a building.

Temperature measurement

Challenge
The requirement for low emissivity glass
for windows is firmly established. Low
emissivity glass is effective at reducing the
sun’s non-visible radiation from entering
a building.
It also retains existing heat inside a
building, so it benefits the end user who
enjoys reduced energy costs, making it

� � Fig 2. Distortion-free tempered
glass – v. distorted
glass.

� Fig 3. Ametek
Land Thermal
Tempering Infrared Measurement
Solution.

any infrared temperature measurement
system must cope with variations in
emissivity.
When emissivity is low, reflectivity
is high and background sources of
radiation can add extraneous signals to
the measurement. Incorrect estimation
of emissivity can cause errors in
temperature reading, so active emissivity
compensation is required.

For visual perfection to be achieved,
physical distortion must be avoided
and temperature controlled on entry
to the quench section. Uniform surface
temperature profile across the whole lite
must be achieved. This provides the same
even stress across the glass and ensures
distortion-free viewing when the glass is
used within a window (Fig 2).
Infrared temperature measurement
is commonly used for process control
during the thermal tempering process. If
a thermal image of each lite can be seen as
it enters the quench, the heating profile
can be adjusted to maintain the necessary
uniform glass temperature.
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All objects emit electromagnetic radiation.
Hotter objects emit more radiation and at
shorter wavelengths. A perfect blackbody
object emits the full radiation profile
predicted by Planck’s Law. For most
real surfaces, emissions are less efficient
than predicted by Planck’s Law, and the
emitted radiation is scaled down by a
factor known as surface emissivity.
Infrared thermometers are non-contact
instruments that sense emitted radiation
within a waveband, and then convert the
received signals into accurate temperature
measurement.
Glass
measurement
solutions normally rely on measurements
at 5µm, where the glass becomes opaque.
With
negligible
transmission,
emissivity is approximately 1 – reflectivity,
with typical values around 0.97.
However, modern low emissivity
coatings can reduce that emissivity to as
little as 0.05 which represents a challenge
for infrared thermometry.
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www.glass-international.com

Methodology
Ametek Land’s research and development
has led to the creation of an accurate
infrared measurement solution for the
thermal tempering process that can be
used on any glass type, including those
with the lowest emissivity.
That solution, shown in Fig 3, uses a
5µm line scanner that measures the low
emissivity surface through the narrow gap
between the furnace and air blowers and
aligned with one or more temperature
bias sensors on the underside of the glass
used for emissivity correction.
A true temperature, emissivity corrected
thermal map of the entire product surface
with sub-spot resolution is created in
software from successive scan data, which
then can be used to adjust furnace control
parameters and produce visually perfect
glass.
The gap between the furnace exit
and air quench section can be as small
as 10cm. However, this is sufficient for
a line scanning system that use the
movement of the lites themselves to
provide a second measurement axis and
to build a complete thermal image. The
line scanner continuously scans across
all glass lites as they exit the furnace
at 100 lines per second. The scanner is
designed to operate accurately without
cooling in ambient conditions up to
60°C and to continue to operate outside
its specifications, up to 70°C. A deflector
plate fits to the underside surface of the
enclosure, which deflects much of the hot
updraft at the furnace exit and prevents
the scanner from seeing its own reflection
when viewing low emissivity glass.
Ametek Land’s Landscan LSP-HD 50
has a scan angle of up to 80°. Industrial
glass tempering lines are typically a few
metres wide, so, to view the full width of
the line, the scanner must be placed some
distance away. In a typical glass tempering
line, this means the scanner has to be
positioned above the line, looking down

� Fig 5. Low emissivity glass thermal images.
at the glass as it emerges from the furnace.
Coated glass invariably is processed
with the coated side upwards (to avoid
contact with the rollers), so the scanner
is always viewing a surface with a
potentially unknown emissivity. Two or
three small temperature bias sensors are
installed on the underside of the line to
provide automatic emissivity correction.
The sensors measure the temperature
of the uncoated surface at a particular
point. This temperature reading is used
to correct the emissivity of the film so
that the whole scanner image displays
the correct temperature without needing
to recalibrate for different coating
constituents or uncoated glass.
Fig 4 shows the arrangement from each
direction. The scanner and two underside
sensors are positioned to align with
two compensation zones in the scanner
temperature profile. Both the scanner
and underside sensors need to look at the
same gap between support rolls.
The system takes contact closure
signals from the furnace controller door,
signalling the beginning and end of a
batch of lites emerging from the furnace.
As the batch passes, signals from the
scanner and underside thermometers are
monitored.
The first underside thermometer is used
to give a valid reading for temperature
correction. Only one of the underside
temperature sensors needs to have seen
the glass for correct compensation, but
it is essential that at least one glass lite is
seen by one of the underside sensors for
the compensation to work.
In practice, this is simply achieved
by marking stripes on the rollers at the
input, aligned longitudinally with each
compensation zone, so operators can
ensure a lite is over at least one of the
sensors, (Fig 4).
With Ametek’s Landscan process
imaging software, an emissivity value
is calculated that matches the scanner
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radiation measurement from zone 1 to
that of sensor 1, or from zone 2 to sensor
2. This emissivity is used to calculate
true temperature from the scanned
radiance for the whole batch of lites.
Low emissivity coating processes are
sufficiently controlled that the emissivity
value will be consistent for every lite of
the same grade.
Lites of the same batch are always
tempered together, partly for logistical
reasons and partly because different
grades of low emissivity glass pull more or
less heat out of the furnace.
Mixing grades would quickly cause a
temperature imbalance in the tempering
furnace.

Results
Fig. 5 shows a selection of thermal images
of low emissivity glass panes measured
using the system described above.
The temperature scale in the first
set of images is set to 620°C +/- 5°C.
Measurements within this desired range
are shown in green; hotter areas are yellow
/ red; colder areas are blue.
In both sets of images, the glass lites
were travelling from left to right. Most
of the glass is close to 620°C and shown
in green, but the leading edge is yellow,
closer to 640°C, and towards the tail in
the middle there is a colder blue area at
around 610°C. This is sufficient variation
to cause concern.
In the second set of images a more even
temperature profile has been achieved,
though around 15°C higher. This may
also cause concern.
The thermal images from the previous
batch of lites effectively show the
temperature profile within the furnace.
Trends from batch-to-batch can be
used to show if one side of the furnace
is running cooler than the other. The
distribution of lites is often the simplest
Continued>>
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Conclusion
The latest infrared line scanners and spot
thermometers allow glass manufacturers
to take temperature measurements of low
emissivity coated glass during the thermal
tempering process. The measurements
enable informed control of the thermal
profile within the furnace, which reduces
waste and optimises productivity, and

ensures reliable production of distortionfree glass. As glass coatings develop
infrared temperature measurement will
help producers optimise glass production.
�
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way to adjust the temperature profile
within the furnace – placing larger panes
on the hotter side of the furnace will do
much to draw heat from this area and
even out the temperature within. Batch
timing and other thermal controls also
can be adjusted, to reliably produce lites
with a uniform thermal profile within the
required temperature range.
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