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Measurement at the product level is
the secret behind top quality varnish

“It’s not enough to measure the temperature in the furnace – every product has to maintain the right
temperature to ensure the highest quality,” say Sylvia Sundell and Arne Johansson at Elfa International.

You don’t have to enter the factory to discover that excellent quality is the mantra
of the Swedish company Elfa International
AB. The fence around the factory premises
holds signs forbidding the use of silicone.
“Silicone can create defects called fish eyes in
varnish – and we want our varnish to be perfect,”
says Arne Johansson, technical manager for the
varnishing department.
Elfa International AB, with its head office,
R&D department and one of its factories in
Västervik, Sweden, is a world leader in the
manufacture of storage systems for homes
and offices. But anyone who assumes the
company’s web address is www.elfa.se will
come instead to an electronics supplier.
“A long time ago we used to be the same
company,” explains factory manager Sylvia Sundell of Elfa International, with the web address
www.elfa.com. Nowadays Elfa International is
the better known of the two companies and is
most famous for its Sparring shelving system.
Consumers tend to choose quality ahead of
low price, and this trend also holds true in the
company’s important export markets such as
the US and Australia.
“As a consumer, I expect that if I buy a

storage system the wire drawers will still be
functioning perfectly in ten years’ time,” Arne
Johansson says.
Superb glide
To achieve such performance requires perfect
varnishing. Elfa uses a powder coating that
gives excellent glide performance for years.
This necessitates perfectly smooth surfaces
without bubbles. Hence the factory’s ban on
unbound silicone in products such as hand
cream.
Another equally important factor is to
maintain the right temperature throughout
the furnace while the varnish is hardening.
If the temperature is too hot, the varnish will
discolour and money is also needlessly wasted
on the excess energy.
“But if the temperature is too low, the
varnish won’t harden properly, which leads
to poorer quality and spoilage,” Sylvia Sundell says.
Traditional powder coating hardens at
180°C for ten minutes. There is some leeway
and it is all right to round off to the nearest
whole degree. Even so, maintaining a consistent temperature is still a complex task in a
hardening furnace where the products pass
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through hanging down from conveyor belts.
“We have three parallel conveyor belts
passing through one of the furnaces,” Arne
says. “It isn’t good enough just to have the
right temperature inside the furnace. Each item
must also stay at the correct temperature for
a specific length of time.”
Travelling logger
The solution is a DataPaq travelling logger
from Pentronic. The logger is inside a heatproof casing and takes measurements with
the help of a number of thermocouples which
are attached to the products. The logger travels through the furnace with the products.
The readings are subsequently transferred to
a computer and the result is a temperature
profile at the product level.
“We use the logger to check that the
furnace’s settings are correct a couple of
times a month and also when we introduce
new products or a new powder coating,”
Arne explains.
The measurements are then used to control the furnace so that the conditions inside
are correct for each product every time. Elfa
International is one of Sweden’s largest users of powder coating and is at the forefront
of technological development. The trend is
towards lower hardening temperatures in
order to reduce energy consumption. Production margins are also constantly shrinking,
which also leads to a need for more accurate
measurement.
High delivery reliability
Elfa International is an example of the value
of careful temperature measurement. The
company’s products are widely copied but
thanks to its highly automated production
process and high quality, Elfa is increasing its
market shares. Maintaining complete control
over all parameters minimises the number of
product defects and thereby ensures high
delivery reliability. For the big retail chains that
sell Elfa’s products, it isn’t enough to receive
a containerful of products every two months
at best. No – the right products of the right
quality must be delivered on time.
Consumers around the world value products that deliver what they promise –
especially in the US, where Elfa International
products are sold with a lifetime guarantee.
Such a promise necessitates precise temperature measurements.
Elfa International is a market leader in
storage systems thanks to high quality
and reliable deliveries.

Traceability and analysis bring order to confusion over
standards
Pentronic has a large number of steel grades in stock. All of them are traceable and
come with certificates. But poor synchronisation between various standards is
creating confusion.
“We’ve sometimes sent material away
for analysis, just to be sure,” says design
engineer Staffan Hällmar.
Swedish customers know their traditional
Swedish standards like the back of their
hand. These standards are produced by SIS
(Swedish Standards Institute), a memberbased non-profit organisation which is the
centre for work on standards in Sweden
and a working partner in the European and
global networks, CEN and ISO. For example,
in Sweden thermowells and protective tubes
are often ordered in the SS2343 grade, which
denotes the most widely used molybdenum
stainless steel. Customers outside Sweden
have the same relationship to the American
standard or the German Werkstoff standard.
“The European standards are what matter
today and we convert our customers’ requests
into those standards,” Staffan says.
Important to know
To do this, Pentronic’s design engineers use
a cross-reference table, but a quick glance
at it shows that the conversion process is

Production
unaffected
by expansion
The expansion of Pentronic’s factory in
Västervik has not affected either production or delivery times.
“All our employees did a fabulous job while
things were at their most disorganised and
everything was delivered on time,” says
technical manager Lars Björkvik.
Pentronic has two factories, with the original
one located in Verkebäck south of Västervik.
Verkebäck houses the administration, R&D,
laboratory and specialised manufacturing.
Longer series are produced in the Västervik factory, which was expanded over the
summer.
“We’ve doubled our assembly area
so we’re now well equipped for when our
customers’ production volumes increase,”
Lars says.
The major renovation to the building was
done when Sweden was on summer holiday.
Production was moved to Verkebäck for a
while. Order has now been restored to the

not always easy. For instance, the American
grade for stainless steel is 316L but this corresponds to three different European grades:
EN 1.4404, 1.4432 and 1.4435.
“In such situations we need to know where the
equipment will be located and what demands
the surrounding environment will place on it,”
Staffan says.
Pentronic buys the most common steel grades
directly from steelworks. Less common grades
are ordered from merchants, who buy the

”Knowing the real grade of a steel is crucial,
for example when welds must hold in demanding environments,” says Staffan Hällmar.

Västervik premises, which will have about
the same production capacity as before the
summer.
The new premises will start operating
at the beginning of September. Additions,
including a new laser welder, will then be
made to the production equipment. The
equipment now in Verkebäck will be moved

material from steelworks around the world.
“The merchants and their suppliers don’t
always agree with us over which steel grade
corresponds to the EN grade we ordered,”
Staffan explains. “Normally we can look back
at the certificate and see the composition of
the alloy. In a few cases we’ve had it analysed
just to be completely sure.”
Can prevent welding
The grade of the steel can be crucial to
both measurement performance and the
equipment’s lifespan in its specific environment. There are also cases where the
wrong material makes it impossible to use
the equipment. Staffan gives one example:
“In Germany titanium-reinforced steel is
common, but it can’t be welded together
with other alloys. That’s not a problem if the
sensor is screwed into position. But if it has
to be welded, you must make sure that both
contact surfaces are either titanium free or
titanium reinforced.”
Making absolutely sure of the steel’s real
grade is particularly important for Pentronic,
which produces custom-made sensors optimised for a specific task.
Pentronic’s website, www.pentronic.se,
has a cross-reference table of the most common steel grades. See the links “Useful links”
and ”Pentronic’s steel guide” on the relevant
product pages.

to Västervik, and a new, more powerful laser
will be installed in Verkebäck.
“The new laser welder can handle thicker
materials and do more advanced work,”
Lars says.
Over the years Pentronic has grown along
with the success of its customers and is now
well equipped to keep on growing.

Pentronic kept production going throughout the expansion process. The rebuilt premises
will be ready at the beginning of September.

Does a table fan
reduce the room
temperature?
QUESTION: When the temperature in my office
goes above 25 °C I put a table fan on my desk
and then the room feels a lot cooler. Would a
thermometer placed in the air flow also show
a lower temperature?
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ANSWER: The fan on your desk does not
lower the temperature in your office. However, it does increase both the heat flow and
moisture transport from our bodies and we
therefore feel cooler. The heat flow from the
body to its surroundings occurs via radiation
and convection. In this case, the moisture
transport is sweat and water is emitted into
the surrounding air. The velocity of the air
does not affect the radiation process but it
does influence both the convection process
and the moisture transport process.
Without a fan or cross-draught in the
room, natural convection is in operation, and
the heat transfer coefficient at a person’s
head is then about 4 W/m2 K. If the air velocity
is 2 m/s the heat transfer coefficient is then
about 12 W/m2 K and at 4 m/s it is about
19 W/m2 K. The heat flow to the surroundings
via radiation is greater than via natural convection but is of the same order of magnitude.
Accordingly, when the convective heat flow
increases, the total heat flow from the body
goes up and the body’s surface temperature
goes down.
How does the thermometer react?
When we sweat, the moisture from our body
is transported to the surrounding air. The
transformation from fluid to steam requires
heat, thereby cooling the body. The moisture
transport process becomes more efficient
with an increase in air velocity. Our sensation
that the room becomes cooler is therefore
due to the more efficient transport of heat
and moisture from the body, and not to a
lower room temperature. In fact, the room
temperature actually increases slightly because the electric energy transferred to the
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fan is transformed into heat, which causes a
slight rise in temperature. When a fan blows
air onto a dry thermometer, it does not cause
the same effect as when it blows onto a body.
The difference is that the body is constantly
producing heat and emitting moisture in the
form of sweat. The thermometer therefore
measures the air temperature, but this can
be slightly raised due to the heat generation
in the fan. This is particularly true if we are
measuring the temperature in small, poorly
ventilated spaces. Warm or cool surfaces
nearby can also influence the measurement
process, so in such cases it may be a good
idea to equip the thermometer with a radiation
shield. However, the air velocity does affect
the response time – the higher the air velocity
the shorter response time. [Ref 1]. In contrast,
if the thermometer is damp when we start up
the fan, the response time will be prolonged.
References: see www.pentronic.se > Pentronic News > Pentronic News archive
[Ref 1] See Pentronic News 2009-3 page 4.

If you have comments or questions, contact
Professor Dan Loyd at the Institute of Technology at Linköping University: dan.loyd@liu.see

The extent of
accreditation
Pentronic’s laboratory is accredited by the Swedish Board for
Accreditation and Conformity
Assessment (Swedac) to calibrate temperature and associated quantities.
The laboratory was one of the earliest privately owned ones in Europe
and received its first accreditation
back in 1988. Since then, the laboratory’s operations have responded
to customer demands and expanded to include more and more types
of industrial temperature measurement devices and measuring
ranges and also to provide on-site
calibration and measurement at
customers’ premises.
One indication of a laboratory’s
level of expertise is the specification
“best measurement uncertainty”.
This is the least measurement uncertainty [Ref 1] which the laboratory must state for calibrations
done under sufficiently favourable
conditions, such as a requirement
for shortest insertion depth. The
applicable measurement uncertainties are listed in a table. [Ref 2]
They have been improved over the
years to meet more demanding
customer requirements.
Today Pentronic’s calibration
laboratory is on the same quality
level as Europe’s best industrial
laboratories.
References:
[Ref 1] see www.pentronic.se >
Pentronic News > Pentronic News
archive. See Pentronic News
2009-3, page 4.
[Ref 2] see www.pentronic.se >
Calibration > Accreditation Limits

STRAIGHT FROM THE LAB

Accreditation the best proof of competence
Accreditation has become more important in
Europe since the start of 2010. That was when
EU Regulation 765/2008 came into force. The
regulation says that member states should
regard open accreditation as the best way to
indicate competence.
The new rules apply both to fields in which
accreditation is a requirement and to ones
with voluntary accreditation. Because this is
an EU regulation, its provisions apply in all
member states with equal force as a part of
national legislation. The aim of the provisions

is to remove administrative hurdles and create a
better functioning market. In practice the result
will be less bureaucratic red tape. For instance,
measurements done using equipment calibrated
under accreditation will not be questioned.
Accreditation work is coordinated in accordance with regulations established by the
EA (European co-operation for Accreditation),
in which Sweden is represented by Swedac (the
Swedish Board for Accreditation and Conformity
Assessment). Swedac in turn monitors accredited
operations in Sweden, such as Pentronic’s and its

subsidiary Inkal’s temperature calibration
laboratories.
A similar cooperative process is
done at the global level via ILAC (International Laboratory Accreditation Cooperation). At this level there are
still differences of opinion
but in practice cooperation usually works well. As
an example, calibrations
done by Pentronic’s accredited calibration laboratory are approved Pentronic’s laboratory
is accredited since 1988
in China.
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The measuring chains we are referring to are found
in industries like food, packaging and pharmaceuticals, in sterilisation equipment (autoclaves), and in
other processes that require accurate temperature
measurement and temperature control.
In itself, Pt100 resistance is extremely stable.
However, measuring this resistance easily introduces significant sources of error in situations with
two- and three-wire connections (see Figure 1). To
the lead resistance you have to add the transition
resistances in terminals and connectors all the
way up to the measuring equipment. In facilities
with high humidity or inappropriate gases in the
environment there is a clear risk of the terminals
oxidising, which considerably increases the
transition resistances. Nor can we presume that
the top-quality work environment which we have
in northern Europe, for instance, exists everywhere
in the world.
A typical measuring chain starts with a Pt100
sensor with a three-wire connection (see Figure 2).
This connection is linked to a PLC via a transmitter.
There then follows an A/D transducer which converts the 4-20 mA analog signal into digital form.

All these devices add measurement uncertainty
to the signal. [Ref 1]

single device. Calibration at 150 °C means that the
sensor tolerance at this temperature can reasonably be reduced to ±0.15 °C, which is one-third of
the corresponding tolerance in Situation 1). The
total uncertainty is then reduced down towards
±0.3 °C across the entire interval.

Three-wire connection unreliable
A three-wire connection requires absolutely
identical resistance between the wires, especially
R1 and R3 in Figure 1. This requirement applies
regardless of the attached electronic devices. The
contact resistance varies over time, according to
the environment, and individually between the
wires, and it can therefore not be calibrated away.
The total measurement uncertainty is therefore
at least ±0.8 °C at 150 °C but can easily become
considerably greater. In addition, temperature drift
can also occur in transmitters and other electronic
devices. It is not uncommon to have up to 2 °C drift
per 10 °C change in the surrounding environment.
By using a four-wire connected Pt100 sensor
and a transmitter, which in Situation 1) in Figure
3 is DIN rail mounted, we completely eliminate
the problems of the three-wire connection. The
measurement error of the four-wire connection is
negligible in this context (see the table in Figure
1). An improved transmitter gives greater stability
and less temperature drift. The total measurement uncertainty in Situation 1) is reduced to
±0.6 °C at 150 °C. At lower temperatures down
to zero, the tolerance of the Pt100 resistance is
gradually reduced down to ±0.15 °C in accordance with IEC class A and the total uncertainty
becomes ±0.3 °C.
Situation 2) includes system calibration of a
Pt100 sensor and a transmitter combined into a
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Developing a digital measuring
chain
Pentronic is developing a fully digital sensor/
transmitter device for Pt100s and thermocouples.
The most important drivers of the project are even
better accuracy, minimal temperature drift, reduced
wiring and simpler installation as well as a lower
power requirement and thereby greater ambient
temperature resistance. [Ref 2]
The digital transmitter houses all the functions
from the sensor to the digital output signal. In this
way the user has both analog and digital control
over the entire measurement chain. The calibration applies to the entire chain, which makes it
possible to reduce the measurement uncertainty
for each individual sensor down to ±0.05 °C.
However, the sensor must be sufficiently well
suited to its measurement task that the readings
are not affected by measurement errors such as
stem losses due to too short insertion depth of
the sensor probe. [Ref 3]
References see www.pentronic.se >> Pentronic
News >> Pentronic News archive
[Ref 1] See Pentronic News 2009-3 page 4
[Ref 2] See Pentronic News 2010-3 page 2
[Ref 3] See Pentronic News 2009-5 page 4

Figure 1. Wiring layouts for a Pt100 sensor. The table
shows how the total lead resistances influence the
reading depending on the selected wiring layout.
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Statistically added uncertainties:
≥ ± 0,5 / ≥ ± 0,8 °C excl. drift or worse

Figure 2. A typical measuring chain in
use today. The measurement uncertainty
at 0 °C is ≥ ±0.5 °C and at 150 °C is ≥
±0.8 °C. If the three-wire error is ±1 °C
then the measurement uncertainty is
±1.4 °C and is dominated by this error,
which usually varies over time. Timedependent errors can unfortunately not
be calibrated away, and nor can drift versus the ambient temperature, which can
be up to 2 °C per 10 degree change.
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Statistically added uncertainties:
Situation 1) ± 0,3 / ± 0,6 °C excl. drift
Situation 2) ± 0,3 / ± 0,3 °C excl. drift

Figure 3. Situation 1: Improved measurement uncertainty can be achieved by
using a four-wire connection and more
stable transmitter. Situation 2: A combined sensor/transmitter device permits
convenient system calibration, which
reduces uncertainty across the entire
measuring range. Pentronic is developing transmitters for both situations.

Pentronic’s products and services
Temperature sensors
Connectors and cables
Temperature transmitters
IR-pyrometers
Temperature indicators
Temperature controllers

Dataloggers
Temperature calibration equipment
Temperature calibration services
Training courses in temperature
Moisture and thickness monitors
Flowmeters

Figure 4. You can achieve the lowest measurement uncertainty by using a combined sensor/
digital transmitter device and calibrating this
system. This assumes that the sensor component is built to give minimal losses in its measuring position. The transmitter component must
be built using high-temperature components.
The Pentronic PLB digital bus can be connected
to standard buses via a gateway.

Opinions and questions are welcome at:
hans.wenegard@pentronic.se
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Machine builders have been using standard
measuring chains for a long time. An example
would be a chain with three-wire Pt100 sensor, a
transmitter and A/D conversion in PLC connected
to a superior control system. However, there are
now ways to dramatically improve the accuracy
for the same price or less .
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Smart transmitters give better measurement accuracy

