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Temperature investment
raises productivity and quality
changes, and these constantly affect the
cooling, heat conduction and other factors that
influence the final temperature of a tool.
In optimising its temperature monitoring,
Ljunghäll is also responding to customer
demands for greater traceability. If an engine
component malfunctions in a lorry in Brazil,
it should be possible to trace the fault back
to its source.
“If the reason is that we did not reach the
correct temperature during the die casting
operation, then that should be traceable,”
Bo says.
Other factors are environmental and
energy issues. At full production levels,
Ljunghäll uses eight megawatts of electricity. Given such an energy-intensive process,
applying more heat than absolutely necessary
just to be on the safe side is almost as bad
as being too cold. Having precisely the right
temperature saves on the energy bills and also
reduces the company’s carbon footprint.
“The more we automate, the more important temperature measurement becomes,” says Bo
Johansson of Sweden’s largest die casting company, Ljunghäll AB in Småland.

The firm of Ljunghäll AB in southern Sweden
has the largest die-casting factory in the
Nordic region. The company is now further
optimising both its quality and productivity
with the aid of more exact temperature
measurement.
Most of Ljunghäll’s production goes to vehicle
manufacturers in Sweden and Germany. Last
year was not an easy time but the company is
now investing in order to become even more
of a total supplier.
As well as its factory in the village of Södra
Vi, Småland, the company also has a die-casting
plant in Caslav in the Czech Republic for more
labour-intensive orders. In contrast, the Swedish
factory does highly automated manufacturing
plus the finishing and assembly of complete
components.
“The more we automate, the more important
temperature measurement becomes,” says
Bo Johansson, foreman in the electricity
department.
Fewer people producing more
Die casting has traditionally been a handcraft
but at Ljunghäll most of the physical work
is actually done by more than 100 robots.

Fewer people are thereby responsible for
more volume. In this situation, it is vital that
thecontrol systems have the correct input data
and the operators receive the correct information on which to base their decisions.
Even more important than greater
productivity, though, is the quality of what
is produced.
“If the temperature is a few degrees too
low, pores can occur in the castings,” Bo
explains. “At best, we will discover them if
the component is X-rayed before delivery;
at worst, they will be discovered at the next
stage by another manufacturer or the end
customer.”
More careful monitoring of the temperature can prevent such defects. The importance
of temperature to the company is underlined
by the text printed on sweatshirts given to
each employee, some of whom were wearing
them during our visit.
The text reads: “710 °C – We are hot”.
More tool changes
Maintaining exactly that temperature becomes
more difficult because the number of products
is increasing and production runs are becoming shorter. More products means more tool

Surplus heat to local homes
Work is also ongoing to connect Ljunghäll to
the local district heating network so that the
factory’s surplus heat can be used to warm
houses in the village. Temperature monitoring
is important here, too, not least so that the
company can be correctly paid for what it
supplies.
Ljunghäll is working to embed the
measurement process more deeply within the
factory’s main production control system. At
the maintenance department, a large screen
displays a schematic of the entire factory. Any
alerts are displayed on the screen at various
levels, first at the departmental level and
then the operator can search for the specific
cause for the alert. The company has not yet
decided how in-depth the system will be, but in
theory the system could trace everything that
happens during the production process.

Ljunghäll manufactures complex die-cast
products in a highly automated factory.

2009 better than expected
for Pentronic
“Last year exceeded our expectations even
though it was the first time since 1980 that
our revenues didn’t increase.”
The comment comes from Pentronic’s
CEO Lars Persson. His relative optimism
should be measured against the fact that for
many companies 2009 was a terrible year,
to quote Sweden’s Minister for Employment
Sven Otto Littorin.
Pentronic’s revenues decreased marginally
during 2009 but the company’s market shares
increased. There were several reasons for this,
as Lars explains:
“We gained many new customers last
year, both in Sweden and abroad. Many
foreign customers initiated contact with us
themselves, often on the recommendation
of others. In an unstable market companies
p rioritise reliable and knowledgeable
suppliers.”
Successful customers
Another explanation is that Pentronic is
operating in an expanding market. Tough
economic times increase rather than decrease
the need for more efficient processes and

b etter measurement performance, in order to
cut costs and improve competitiveness.
The most important reason why Pentronic
is coping well with the crisis, though, is that
a number of its customers continue to be
successful, especially in the energy sector. In
the longer term the world needs more energy,
which must also be more environmentally
sustainable. Their long-term nature makes
these projects less impacted by economic
ups and downs.
“To give one example, bioenergy is a
growing area, and this is reflected in more
deliveries of moisture gauges,”
Lars says.
Investing in development
During 2009 Pentronic continued
to invest both in more efficient
production methods and in new
products. Five engineers worked
full time to develop a new kind
of transmitter designed to be
integrated in temperature sensors,
and also a new digital bus and
gateway for efficient signal trans-

Testing and fine-tuning
measurement performance
The process of testing and fine-tuning
a newly made sensor determines its
true performance in real life situations.
The importance of this procedure is
becoming increasingly clear as the world
demands lower energy consumption,
higher performance and better quality.
Pentronic can adapt this procedure to
the specific needs of each customer.
Most temperature sensors from Pentronic are
subjected to traceable acceptance tests before
being delivered to the customer. The company
has expanded this process and now offers
various levels of customised solutions.
The standard test is done at 0 °C (Pt100s/
RTDs) or 100 °C (thermocouples). At the
customer’s request, this test can also be done
at other temperatures that are more relevant

Edin Beganovic (at left) helps to construct
temperature sensors for heart-lung machines
and Per Wilén has helped to design and sell
these sensors. Both have personally tested the
design as patients during heart operations.

mission. The project is still in its infancy but
the first model has been in serial production
for almost a year now.
In 2009 Pentronic hired Lars Björkvik,
formerly a factory manager with Electrolux, to
be technical manager. His task is to supervise
and optimise production flows. Pentronic has
been doing this work for a number of years
but last year the process accelerated.
“Everyone who works with lean
manufacturing knows that this work never
ends – improvements are always possible
– so it now forms an integral part of our
operations,” Lars Persson says.
The result of last year’s financial crisis
is that Pentronic is well equipped for the
future, with more efficient production and
new p roducts under development.

to the specific purpose in question.
One alternative acceptance test
commonly applied to larger production runs
of thermocouples is as follows: Sensors made
from the same roll of material are subjected
to two types of tests. The sensors made from
the first, last, and middle section of the roll
are tested at several specific temperatures in
order to confirm the material’s properties in
detail. The remaining sensors are subjected
to the standard test.
Optimising measurement systems
In another type of test, two or three sensors
that form part of a single temperature probe
must stay within a specific tolerance range
during the test.
The next level of acceptance testing
involves testing parts or all of an entire
measurement system. One example involves
fine-tuning sensors and transmitters so they
operate optimally together.
“We fine-tune thousands of sensors and
transmitters like this every year,” says sales
manager Roland Gullqvist.
This fine-tuning reduces measurement
uncertainty and also means that readings
can be used directly without being corrected
(while of course taking into account the
relevant measurement uncertainty). The same
method is used in the field to acceptance
test or calibrate an entire measurement chain
within a customer’s industrial process. These

field tests are usually done by Pentronic’s
accredited laboratory.
Life-or-death calibrations
The key to achieving optimal measurement
performance is to do the testing and
fine-tuning at the correct temperature. One
obvious example is temperature measurement
in heart-lung machines. When a patient’s heart
is shut down and the machine has taken over
is not the time to be making approximate
measurements.
“Two of our colleagues underwent
heart operations during which they were
connected to heart-lung machines equipped
with temperature sensors from Pentronic,”
Roland explains. “One of them had helped
to design and sell the type of sensor being
used, and the other colleague had helped to
manufacture it.”
There could be no clearer illustration
of how crucial it is to match a sensor’s
acceptance test to the sensor’s specific
future task.
All acceptance tests done at Pentronic
are performed in a room that is immediately
a djacent to the company’s accredited
laboratory, and are done with full traceability
to national standards. If the customer wishes,
the acceptance tests and calibrations can
be done inside the laboratory and under
accreditation in order to achieve the highest
possible precision.
The most advanced form of acceptance
testing is done on several thousand products
each year and involves total acceptance
testing inside the accredited laboratory.

When is a radiation shield useful?
QUESTION: We are measuring the temperature
in an exhaust pipe with a sensor that is inserted
into the pipe. The sensor is equipped with a
radiation shield. The engine is running with a
mostly constant load and the temperature of
the exhaust gases is fairly constant. On one
occasion we measured the temperature of
the exhaust gases both with and without the
sensor’s radiation shield. When we compared
the results there was almost no difference. Is
that correct?
		
Simon R .
ANSWER: When you start up the engine, the
temperature of the sensor, radiation shield and
pipe wall is at about the same. Both the sensor
and the radiation shield are quickly heated by the
exhaust gases because the response time for
both these components is relatively short. Generally it takes longer to heat up the pipe wall. The
heat transfer to and from the sensor is governed
by convection and radiation. If you measure the
temperature of the exhaust gases during the
engine start-up process with and without the
radiation shield, there will be a difference. The
radiation shield reduces the heat transfer due
to radiation from the sensor to the cooler pipe
wall. The wall subsequently also heats up. If
the pipe is well insulated, the wall surface will
take on a temperature that is slightly cooler
than the temperature of the exhaust gases. In
this situation, the radiation has little effect on

Strong owner behind
Pentronic’s growth
Pentronic is owned by Indutrade, which is
listed on the NASDAQ OMX Stockholm.
Indutrade is a group based on a philosophy rather than on products. The aim is to
create customer value by offering technically
advanced products, systems and services.
Pentronic is one of more than 100 companies
in a group that in 2008 had annual net sales

the temperature of the sensor. The worse the
pipe insulation is, the lower the temperature of
the pipe wall, and the radiation therefore has
an increased effect on the temperature of the
sensor. Accordingly, in some cases there can be
only a small temperature difference when you
measure with or without the radiation shield.
Under other conditions, there can be quite a
large difference. When the temperature of the
exhaust gases increases or decreases, you will
always get different temperatures when you use
sensors with or without a radiation shield. The
factors influencing this temperature difference
include i.a. the sensor’s thermal properties, the
convection, and the radiation.
In January 2010 the outdoor temperature
in many places in southern Sweden dropped
to below minus 20 °C and the temperature
stayed at that low level for several days. If you
had measured the temperature in a room with
an exterior wall, you would have found that the
temperature reading was different depending
on whether you had used thermometer with a
radiation shield or not. Without the radiation
shield, the difference – the measurement error –
could in some cases have
been several degrees.

Sensor equipped with a radiation shield

of 570 million Euro. Indutrade is expanding
rapidly and made four acquisitions in January
2010 alone.
Indutrade differs from groups that grow
through acquisition because it does not
synergise its business operations to create
economies of scale. Instead, Indutrade
chooses to invest in strong companies that are
among the market leaders. Indutrade’s aim is
that these companies will continue to grow as
planned with the help of a strong owner.
Pentronic is an example of how Indutrade’s
strategy works. Even before it was acquired,
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QUESTIONS
ANSWERS

The effect of the radiation also appears to
increase over time. When the outdoor temperature drops, there is always some delay before
the temperature of the inside of the exterior wall
starts to drop, which delays the effect of the
radiation. The response time of the wall depends
partly on how the wall is built – the more solid the
construction, the longer the response time.
Affects both sensors and people
Normally it can take between half a day to several
days’ time before the inside of the house’s
exterior walls has adapted to the lower outdoor
temperature. In the same way, there is a delay
before the inside temperature of the exterior walls
rises when the outdoor temperature goes up.
A person who is inside a room with an
exterior wall will be affected in the same way
as a thermometer. Cold exterior walls increase
the heat transfer via radiation from the person’s
body to his or her surroundings. The person
feels that the temperature in the room is getting
colder, even though the air temperature in the
room is the same as in a room that only has
interior walls.
If you have comments or questions, contact
Professor Dan Loyd at the Institute of Technology at Linköping University: dan.loyd@liu.see

Pentronic had a leading market position with
a clearly defined strategy based on leading
expertise in the temperature field and on
production focused on customised solutions
with the resources to manufacture large
volumes.
Indutrade has set aside resources so
that Pentronic can continue to follow this
path. One example of this strategy is an
extensive development project for a new
type of transmitter and communication bus
for temperature sensors.

Straight from the lab

Laboratory’s systems calibration
performance to be assessed
A new audit to be done this spring will
involve sending a new test object around to
a number of accredited calibration laboratories, including Pentronic’s. The test object is
a high-resolution instrument with two Pt100
sensors for different temperature ranges.
Monitoring accredited laboratories is
done in two ways. First, the quality systems
and procedures are regularly inspected. In
Sweden this is done by the Swedish Board for
Accreditation and Conformity Assessment
(SWEDAC). Part of this procedure involves
inspecting the results of the audits in which
the laboratory has participated.

Accredited laboratories are themselves
responsible for finding out what audits will
be carried out and applying to participate in
them. One good website for this purpose is
www.intercomparison.org. This proficiency
testing organisation serves both the Nordic
and Baltic markets.
Secondly, an audit is a sophisticated form
of self-inspection. An accredited laboratory can
invite other such laboratories to participate.
A measurement object is sent around to all
the participating labs, which use their normal
procedures to do a calibration. The results are
then compared between the labs.

“That way we can compare how we handle
our equipment and do our measurement
uncertainty calculations,” explains Lars
Grönlund, manager of Pentronic’s laboratory.
“The goal is that customers should get
equivalent calibrations from all accredited
laboratories.”
This spring’s proficiency testing, which
encompasses several countries, was
initiated by Sweden’s national metrology
centre, SP.
It can take up to a
year to receive the final
results of an audit. Just
like an inspection, an audit
can result in changes to a
laboratory’s status.
Pentronic’s laboratory
is accredited since 1988
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Type K is presumably so popular due to its
wide range of use, from -200 till +1200 °C, and
because an oxidising environment (air) does
not harm exposed wires. The international
standard that
defines the
working range
for type K is
IEC 60584-2
(see Figure 1).
There are
a number of
circumstances
that make it
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Figure 1: Tolerances for types K and N thermocouples in accordance with IEC 60584-2. Class
1: the greater of 1.5 °C or 0.004 x t, (t in °C) and
Class 2: the greater of 2.5 °C or 0.0075 x t.

impossible to always maintain tolerance
classes (see the list in Figure 2). Measurement
errors and uncertainties always increase
as temperatures increase, and this is just
something we have to accept.

1
2
3
4
5
6
7

Error source for
thermocouple K

Deviation max temperature (°C)
<200 °C <600 °C <1200 °C

Tolerance IEC 584 class 2
Homogenity
Ageing
Hysteresis
Green root corrosion
Reference junction
Sensor installation

± 2.5
≤ 0.1
≤ 0.1
–
–
0.3-3
0.1-5

±4.5
0.1-1
<2
2-5
–
0.3-3
1-10

±9
2-6
1-50
2-5
10-100
0.3-3
2 - 20

Figure 2: Measurement errors that can
affect type K thermocouples within various
temperature ranges. The sizes of the errors are
estimated relatively roughly but they can still act
as guidelines for where to look for the biggest
sources of error in an installation.

To many people, hysteresis is an unknown
property of base-metal thermocouples.
Because types K and N are the most common,
they have been studied the most. Figure 3
shows what happens to the sensitivity of
type K after heat treatment for various lengths
of time at various temperatures. The yellow
curve, for example, shows that the Seebeck
coefficient changes by 0.3μV/°C after only 5
minutes at 450 °C. The coefficient normally

lies at about 40 μV/°C, which means that
it has increased by 0.3/40 = 0.75%. The
thermocouple would therefore read 0.75 °C
too high for every 100-degree temperature
difference.
From Figure 3 we see that the critical
temperature range for type K is between 200
and 600 °C. The diagram shows the increase
of the Seebeck coefficient up to 30 days. Other
data confirm that this increase can continue
for up to 100 days, although by smaller and
smaller increments as time goes on. The
hysteresis is due to the fact that the Seebeck
coefficient increases through the critical range
of 200 – 600 °C. In contrast, nothing happens
under 200 degrees, and over 600 degrees the
Seebeck coefficient decreases back down to
its base value. Figures 4 and 5 show practical
examples of how the
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Figure 4 a-d: Oven temperatures under 600
°C. Hypothetical changes to the Seebeck
coefficient, ΔS, at varying insertion depths using
type K thermocouples. (a) Starting level for an
unused thermocouple. ΔS increases over time.
(b) A smaller insertion depth gives greater ΔS
within the gradient, which results in increased
error. (c) A larger insertion depth gives a new
formation of ΔS as was the case in (a). (d) Heat
treatment g
 ives the same ΔS regardless of the
time d
 uration and insertion depth.
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Figure 3: Changes in the Seebeck coefficient
for type K thermocouples as a function of
temperature level and exposure time. The critical
zone is 200-600 °C.

during passage through an oven wall, the
Seebeck coefficient, ΔS, changes over
time as shown in Figure 4. As a result, the
measurement signal increases (see Figure
4a). The part of the thermocouple that remains
at a constant temperature, for instance
400 °C, has its Seebeck coefficient evenly
altered. Because the temperature is constant
throughout this part of the thermocouple, the
measurement signal is not affected at all. But
if we pulled the thermocouple out a bit, this
part of the thermocouple would then be within
the gradient and the change to the Seebeck
coefficient would then take full effect (See
Figure 4b). If we push the thermocouple in
farther so that previously unaffected material
enters the temperature zone, the process of
change starts all over again from the beginning
(see Figure 4c).

Pentronic’s products and services
Temperature sensors
Connectors and cables
Temperature transmitters
IR-pyrometers
Temperature indicators
Temperature controllers
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Figure 5 a-d: The same holds true for oven
temperatures above 600 °C. (a) Starting level
for an unused thermocouple. ΔS increases
over time. (b) With a smaller insertion depth
ΔS is newly formed in the 200-600 °C zone.
Previously formed ΔS contributes to errors at
lower temperatures. (c) A larger insertion depth
leads to a reduction of ΔS in the zone above 600
°C. (d) The benefit of heat treatment in this case
is doubtful.

retain the original level at room temperature,
cooling must occur quickly past the critical
zone. Otherwise there is a risk that the level
will rise again as shown in Figures 3 and 5b.
Measurement error due to hysteresis is usually
negligible. For very precise measurements
under 600 °C, Pt100 sensors can be an
alternative. By using type N thermocouples,
the main effect of the hysteresis is moved to
approx. 700 °C. In addition, the deviation is
lower than for type K and is of the magnitude of
about 1 °C. Type K material that is composed
with the aim of reducing hysteresis is now also
starting to come on the market.
Opinions and questions are welcome at:
hans.wenegard@pentronic.se
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POSITION

Type K has been the most common type
of thermocouple for decades. As a result,
its advantages and disadvantages are well
known. This article explains the most important source of error and gives an approximate indication of the error size involved.

Exposure to temperatures over 600 °C results
in the Seebeck coefficient returning to its
original level (see Figure 5c). If you want to
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