PENTRONIC Scandinavia’s leading manufacturer of industrial temperature sensors

Zero-gravity experiments place extreme
demands on temperature measurement

“On Earth, gravity is a strong, constantly present force. By doing scientific experiments in
space, other parameters become clearer,” say Maria Ångerman and Ylva Houltz of SSC.

Thermocouples are not usually associated
with rocket science. But that’s precisely
what they’re being used for – complex
scientific experiments in the most inhospitable environment of all: outer space.
Sweden has a long tradition of space research
and has its own space centre, Esrange outside
Kiruna in the far north. The centre is run by
SCC, formerly known as Swedish Space
Corporation. It is best known for its research
into the aurora borealis and the atmosphere
with the aid of balloons and sounding rockets,
but that is just part of its space research that
spans the globe.
SCC also used to develop and manufacture
satellites but today its production focuses
on small rocket engines and scientific experiments.
“Our clients are researchers and our job is to
transform their laboratory bench set-up into
an instrument on board a rocket,” explains
Ylva Houltz, a project manager at SSC who
specialises in the structural design and manufacture of scientific experiments.
Her task is more complex than merely
packing up a series of instruments. The tiniest components must be adapted to the
demands of outer space. Three of the biggest
challenges are electricity supply, temperature
and vibration.

Temperature is the research
With regard to temperature, the problem is
not the heat and cold of outer space. The
most important form of thermal dissipation, convection, does not exist in free fall.
When ‘up’ and ‘down’ don’t exist, heat is
not conducted in the same way as on the
surface of the Earth. Without convection,
equipment can quickly overheat, regardless
of the surrounding temperature. The heat
must be dissipated in other ways. Some
of the scientific experiments are sealed, in
which case the general law of gases comes
into play. When the electronic circuits give
off heat, the temperature of the sealed-in
atmosphere rises and the pressure increases,
which can cause problems.
“In addition, temperature is often a focus of
the actual experiment – temperature is the
research,” adds Maria Ångerman, systems
engineer at SSC.
The correct sensor in outer space
The temperature must be correct while the
experiment is being conducted up in space.
The temperature changes must also be
measured both quickly and accurately. SSC’s
biggest rocket, Maxus, achieves 700 kilometres of altitude before it turns back down to
Earth, almost twice as high as the orbit of the
international space station.
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The weightlessness, or microgravity, which is
the correct term, lasts for 12 to 13 minutes.
In this short period of time the experiment
must be conducted with the aid of program
control and a radio relay link.
There are thus many reasons for investing
in the most sophisticated technology for
temperature measurement. Yet it is thermocouples, often of type K, which monitor and
document what occurs in space.
“Thermocouples can deal with the vibrations
and the environment, and we can use thin
probe tips with low heat dissipation and
short response times to achieve sufficient
accuracy,” Ylva Houltz says.
Why in space?
Maria Ångerman explains that researchers
can sometimes need to be trained in temperature measurement. They expect results
to four decimal places, like they get back at
home in their labs. The best solution would be
to tape over the last three, so that everyone
involved gets a realistic understanding of
measurement uncertainty. That advice applies
equally well on the planet’s surface.
Finally, the question many people ask:
What’s the point of doing scientific experiments in space? Despite what one might
think, it is not to prepare for doing manufacturing in orbit.
“On Earth, gravity is a strong force that is
constantly present,” Houltz and Ångerman
reply. “In space we can escape that force
and so other parameters become clearer. The
purpose is to discover mechanisms that are
otherwise difficult to detect.”

Type K thermocouples are the most suitable type of sensor for experiments in outer
space.

Pentronic stands out from its
competitors in the global arena
Pentronic is getting more and more orders
from outside Sweden, from both existing
customers and new ones.
Sales Manager Roland Gullqvist says this
growing interest indicates that more and
more companies are searching outside their
own borders to find the right expertise in
temperature measurement.
“Pentronic offers cutting-edge expertise in a
number of fields,” he adds.
There are a great many suppliers of temperature measuring equipment around the
world but only a few of them can compete
with Pentronic. The reason is presumably
Pentronic’s breadth: the company can design temperature sensors for a wide range
of industries, including power generation
involving gas turbines, piston engines and
nuclear power, the automotive industry with
its engine development, the food industry
with the preparation and packaging of liquid
foods, medical technology with autoclaves,
and various types of process industry.
“Today Pentronic’s temperature sensors can

be found in most countries around the world,”
Roland says.
“To Pentronic, it’s important to be responsive
to customers’ real requirements for their
temperature measurements plus associated
services like calibration and ensuring on-time
delivery to the day.”
Pentronic’s versatility and flexibility are
important to its customers, who often have
to adjust details like sensor mountings and
sensor length.
Quality and measurement performance
must be safeguarded in a way that visitors
to the company’s website find credible. In
this respect, Pentronic’s calibration laboratory makes a valuable contribution. The
laboratory’s accreditation is internationally
known and recognised as providing the highest level of quality assurance.
Machine builders must adapt to the requirements of every market. For Pentronic, this
means that a growing number of its sensors
hold various types of product certification.
Two examples are European, American and

Traceability requires known measurement uncertainty
A traceability chain begins in an accredited
laboratory for the quantity in question – in
this case temperature – and ends in a process reading.
The accredited laboratory has traceability
to the ITS-90 temperature scale. Normally,
a company’s in-house laboratory calibrates
the process sensor via a working standard,
which in its turn is calibrated at an accredited laboratory. In order to be able to assert
traceability, the calibration chain must be
documented. See Figure 1.
The correction term gives the deviation from
ITS-90 with the opposite sign. Uncertainties

such as rounding off the readings, resolutions
and the distribution of the measurement
values mean that the correction is not exact.
The measurement uncertainty states how
uncertain the correction is. See Figure 2.
The correction terms in the calibration
certificates and in-house certificates give
the total correction for the process sensor.
Normally, the correction is done in the software after the measuring has been done. If
the process sensor is adjusted it must be
recalibrated in order to verify the correction.
The measurement uncertainty accumulates through all the calibration steps,
which means that the previous certificate’s

Figure 1. An example of a traceability chain for temperature that begins in
an accredited laboratory and ends in a process reading. The accredited
laboratory has traceability to the ITS-90 temperature scale. Measurement
devices are adjusted to ITS-90 using the correction term.

Roland Gullqvist, Sales Manager.

Russian certifications for hygiene, and the
marine classification of sensors for engine
monitoring.
Pentronic is the leading manufacturer of
temperature sensors in the Nordic region.
Globally, though, the competition is very
tough and today customers have the whole
world at their fingers via their computers.
Pentronic’s growing number of foreign orders
proves that the company has know-how that
is of interest far beyond Sweden’s borders.

STRAIGHT FROM THE LAB

measurement uncertainty
is included in the next certificate as the first partial
uncertainty. It is advisable to Pentronic’s laboratory
avoid doing a lot of calibra- is accredited since 1988
tion steps because the total measurement
uncertainty often increases almost tenfold
for every calibration level.
Pentronic’s training courses discuss the
properties of temperature sensors and include calibration experiments during which
students perform measurement uncertainty
analyses.

Figure 2. Definitions in a hypothetical histogram of a comparative calibration in which the bars show how many
times the same measurement value has occurred. The
measurement uncertainty is normally distributed and totals
two standard deviations (±2s), which means that approximately 95% of all readings are included.

Don’t burn your
Christmas porridge!
QUESTION: We have an electric hob with
traditional solid metal burners. I’ve heard that
one shouldn’t cook porridge in a stainless steel
saucepan because then it’s easy to burn the
porridge. Is that true?
Johan H
ANSWER: The risk of burning your porridge
increases if the bottom of the saucepan has
an uneven temperature. Unfortunately, an even
temperature of the saucepan bottom will not
prevent the porridge from being burned but the
risk is less. The thermal properties of stainless
steel can easily create an uneven temperature
in the saucepan bottom compared with what
happens with a different type of saucepan, such
as an aluminium one. After a saucepan has been
used for a while, its bottom becomes more or
less uneven, and this also affects the heat flow.
Depending on what type of electric burner you
are using, the burner can also be uneven.
If the saucepan bottom and/or the burner are
uneven, there are areas that have direct contact
between the burner and the saucepan. Underneath other parts of the saucepan there is therefore
a tiny distance between the burner and the saucepan bottom. In the areas with direct contact,
the heat transfer occurs via thermal conduction.
In the other areas, the heat transfer occurs via
radiation and thermal conduction in the thin
layer of air. The heat flow from the burner to the
saucepan bottom in the areas of direct contact
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is considerably greater than in the areas without
direct contact. This in turn causes the saucepan
bottom to develop an uneven temperature. The
exact temperature differences involved depend
on such factors as the material of the saucepan.
The temperature differences in the saucepan
bottom cause a heat transfer parallel to the saucepan bottom, which evens out the temperature.
This equalisation is considerably greater in an
aluminium saucepan than in a stainless steel
one due to their differing thermal conductivities.
A stainless steel saucepan that is equipped with
a thick base of aluminium or copper has about
the same thermal properties as an aluminium
saucepan. The approximate thermal conductivities are, in W/(m·K): stainless steel 15, aluminium
160, and copper 390.
Contact resistance causes errors
In industrial contexts, surface temperature is
often measured with a strap-on temperature
sensor. Unfortunately, contact resistance sometimes develops between the sensor and the
measurement object, which means that it is
possible to measure the incorrect temperature.
Such contact resistance can easily arise due to
corrosion or inadequate contact between the
sensor and the measurement object. We would
like to hear about more examples of sensor
installations in which contact resistance has
caused measurement error.

Hygienic sensors for
export
The production industry for food and
pharmaceuticals is an important market
for Pentronic. To such producers it is
extremely important to ensure bacterial
death and product quality, and also
to optimise the processes in terms of
energy consumption.
Tri-clamp fittings (TC-) are one
hygienic connection method offered
by Pentronic for temperature sensors.
Pentronic manufactures sensors
certified to be in compliance with three
hygiene standards: EHEDG (Europe),
3-A 74-03/05 (USA) and SanitaryEpidemiological Conclusion (Russia).
All the standards are designed to
reduce bacterial growth. Simply put,
the EHEDG standard involves practical
tests for bacterial growth, the 3-A 74-05
(replaces the 74-03) standard stipulates
construction methods and the Russian
standard focuses on materials and
installation instructions.

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

Merry Christmas and Happy New Year
from all of us at

This Christmas Pentronic donates money
to the Swedish branch of SOS Children’s
Villages, which continues supporting
the Astrid Lindgren Children’s Village for
orphaned children in Bouar in the Central
African Republic.
As our customer you share in the gift
– it is our Christmas present to you. You
can read more about the project at www.
sos-barnbyar.se

Updated website
Pentronic is currently updating its
website. The aim is a more modern
layout with simpler navigation, a search
function and clearer product presentations. A new platform will make this
all possible.
“The new layout should be launched
in January,” says Pentronic Managing
Director Lars Persson. “We’re noticing
that more and more customers have our
website displayed on their screen when
they phone us. Our site also has a lot of
visitors outside Central European office
hours, so it is an important interface
for potential customers in the rest of
the world.”
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A thermocouple measures temperature difference
in accordance with the expression
EDVM = SAB (T1 – T2)			

(1)

See Figure 1. In order for the temperature you
want to measure to appear on the display, both
the measuring junctions’ temperatures, T1 and
T2, must be known. Otherwise you will only see
the temperature difference, T1 – T2, for example
100 °C and 20 °C respectively (the room temperature), and read it as 80 °C. SAB is the Seebeck
coefficient or the sensitivity, which is measured
in μV/°C. It has varying values depending on the
type of thermocouple and is also slightly non-linear
with the temperature.

Eliminate the reference voltage
Normally you would compensate electronically for
the reference junction’s temperature. By measuring
the reference temperature T2’ and adding the corresponding voltage to the circuit, see the equation
(1), T2 is eliminated as follows:
EDVM = SAB (T1 – T2 + T2’)

(2)

Assuming that T2 = T2’ we can solve T1 from
the equation (2). It is very important that the real
reference temperature, T2, corresponds to the
measured one, T2’. Otherwise the difference goes
straight into the reading (T1), as shown in equation

(2). The correspondence requires a strong thermal
connection between the reference junction and the
internal sensor that is taking the measurements
there. Expensive instruments usually have their
terminals sheathed in metal in order to keep the
temperature constant. More basic instruments are
often equipped with a plastic socket with copper
leads in order to be able to handle various types
of thermocouple. In such cases it is important that
the internal sensor is glued onto or bored into the
plastic casing and is not sitting on the circuit board
surrounded by air.
The reference sensor can be of varying quality
spanning the whole range from diode to Pt100
or Pt1000. Calibration of electronic indicators is
generally done at 23 °C. A different ambient temperature while measuring causes an error that
increases with the deviation – the more basic the
sensor and the greater the tolerance, the greater
the deviation of the reading.

must be eliminated by the measured temperature
T’SIM. The simulator signal travels between the
instruments via the connecting cable for type A/B
thermocouples. Just as in Figure 1, the indicator
measures the temperature difference TSIM – TREF
in which TREF must be eliminated by T’REF. If we
now simplify the equation and assume that T’SIM
= TSIM and T’REF = TREF we then have inside the
square brackets:

Calibrate correctly

Copper conductors

To calibrate a measurement chain with a disconnected thermocouple, the corresponding temperature
signal must be simulated electrically. See Figure
2. The expression for EDVM – the reading displayed
on the digital voltmeter – gives a picture of the
situation for various types of connection:
EDVM = VSIM – SAB[T’SIM + (TSIM – TREF) + T’REF]

(3)

The simulator gives a selectable stable voltage,
VSIM. The simulator’s signal TSIM corresponds to the
measuring junction T1 in Figure 1 and adds voltage
to the generated VSIM. The VSIM is most frequently
taken from tables which stipulate that the reference
junction should be 0 °C. Accordingly, the reference
junction, which in this case corresponds to TSIM

[ – TSIM + TSIM – TREF + TREF] = 0 		

(4)

EDVM = VSIM

(5)

[V]			

The digital voltmeter measures the voltage set on
the simulator voltmeter. If we divide both sides
by the Seebeck coefficient, we get the equality
in °C. The simulator and indicator can be located in different ambient temperatures and the
calibration will still work. The limits are set by the
instrument specifications and not least by the time
it takes for the instruments to adopt their ambient
temperatures.
If we add the condition that T’SIM = TSIM = T’REF = TREF
equation (4) again becomes zero. We do not get
any temperature difference across the connecting
conductors and then, but only then, we can use
an ordinary copper cable. If any temperature deviates, an erroneous reading appears since SAB = 0
for copper leads .
If you do not have a voltage simulator with
compensation you can make do with a voltage
source and an ice water bath. See Figure 3. You
will then have the bother of recalculating μV to °C
for the simulator.

Figure 3

Figure 1

Figure1. Here T1 is the measuring junction and T2 the reference junction.
The digital voltmeter displays EDVM = SAB (T1 – T2), which also varies with
T2, usually the room temperature. T2’ is the measured value of T2 and can
thus eliminate T2: E = SAB (T1 – T2 + T2’) assuming that T2 = T2’. This is
symbolised here with a variable voltage controlled by T2’ (shown in red).
Figure 2

Figure 3. Practical examples of how to connect the simulator to the indicator:
a) The correct connection of the simulator (orange) to the indicator (blue) to
be calibrated. Compare with Figure 2.
b) A copper cable requires that the simulator and indicator have identical
ambient temperatures.
c) The simulator can be replaced with a pure voltage source if the junctions
of the extension wires are placed in an ice bath.

Figure 2. Compensation circuits in both devices means they can function in different
ambient temperatures. You must wait until temperature stability is achieved before
doing the simulation, which can take several minutes.

If you have questions or comments, contact Hans Wenegård: hans.wenegard@pentronic.se

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
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When measuring channels are calibrated,
the sensor is disconnected and replaced
with an electric signal source. In the case
of thermocouples that measure temperature difference, the ambient temperature
and the cold junction complicate the situation. So what factors should you take
into account?

www.lenanders.se
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Cold junction a source of error when simulating thermocouples

