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Continued in-
vestment and 

development of 
new products! 

Our ambition is to be a complete 
partner in temperature measure
ment whatever the application 
and requirements. It has there
fore always been important to 
us at Pentronic to invest in the 
development of new products 
and services.

During 2017 we have devel
oped and gained certification for 
our first sensor that meets the 
requirements of the ATEX Ex di
rective. You can read more about 
it in the article beside this text.  

We have also launched a new 
transport administration system 
that will make it easier for you as 
our customer to know when your 
delivery is on its way and when it 
will arrive.

We also have high aims and 
ambitions for our delivery reliabil
ity and quality. One confirmation 
of this has come from Tetra Pak, 
which for the second year in a 
row has given us an award as 
one of their best suppliers. We 
are of course very proud of this 
honour. 

If you have any opinions about 
how we are living up to your 
expectations we are grateful to 
receive your suggestions about 
how we can become even better.

I would also like to take 
this opportunity to wish you a 
wonderful summer with the right 
temperature! 

 

Rikard Larsson
Managing Director  

Pentronic has received third-
party certification for the 
manufacture of explosion-proof 
temperature sensors in accord-
ance with the ATEX Ex d stan-
dard, which in the US is called 
flameproof.

“It means we can tailor our 
sensors to our customers’ 
needs,” explains sales engineer 
Per Bäckström. 

EX-APPROVED SENSORS and trans
mitters are nothing new for Pentronic 
but without certification the custom
isation possibilities are limited. As a 
first step the manufacture of four basic 
models of Pt100 sensor has been 
certified.

“Each model can then 
be customised with vari-
ous insertion lengths and 
transmitters,” Per says.

Now that the first step has been 
taken, it will also be easier to expand 
the certification to thermocouples and 
other models. VTT Technical Re
search Centre of Finland handled the 
certification process. 

The Ex classification of sensors 
applies to both their design and 
manufacture and also to the contact 
with the customer. As an example, 
the sales staff must obtain informa
tion from the customer about the 
measurement environment and other 
factors that can affect safety. All per
sonnel throughout the process from 
sale to delivery must also be trained 
for their respective tasks. 

The classified sensors must also 
comply with the EU’s Pressure Equip
ment Directive, there must be material 
certificates, and it must be possible 
to verify the sensors’ properties. 
These requirements are particularly 
important when the sensors are to be 
placed in a gas or liquid flow. 

NEW CERTIFICATION FOR THE MANUFACTURE 
OF EX-CLASSIFIED TEMPERATURE SENSORS 

Pentronic’s sales engineer Per Bäckström with an Ex-classified Pt100 sensor.



“We can also offer wake frequency 
 calculation and compression testing of the 
sensors’ thermowells as addon services,” 
Per says.

Pentronic has long been certified for 
the manufacture of temperature sensors 
in various fields, such as for sensors that 
must meet hygiene requirements, for 
marine applications, and in the fields of 
energy and nuclear energy. 

For Pentronic’s Managing 
Director Rikard Larsson, these 
certifications are investments 
that make life easier for the 
company’s customers. 
“This is part of our continual 
development and quality 
work,” he says.

Ex sensors are currently used mainly in the 
petrochemical industry but there are also 
other environments where correspond
ing safety  measures are justified. The 
European ATEX standard also applies to 
such contexts as lacquering enterprises, 
carpentry premises, mills, operations using 
 powders and chemicals, and other sensi
tive environments where there is a risk of 
gases, liquids or dust  catching fire and 
exploding.

Model 7610900 Model 7710900 Model 7810900 Model 7850900

ATEX
At the beginning of the 1990s a review was done of the protection for 
workers in potentially explosive atmospheres within the EU and the 
decision was taken to harmonise the legislation and remove national 
differences as a step towards increasing safety within the entire EU and 
facilitating trade. The result was the ATEX Directives 94/9/EC (the ATEX 
Equipment Directive) and 99/92/EC (the ATEX Workplace Directive). 
Both electrical and nonelectrical equipment are encompassed by the 
ATEX Directives.

Choosing the right equipment and application in potentially explo-
sive atmospheres requires knowledge! 
The individual responsible for the activities performed at a facility is also 
responsible for implementing a risk assessment and creating a classifi
cation plan. Classification is done by an individual who possesses the 
necessary knowledge about the facility’s activities and about the ATEX 
Directives. For activities that require Ex classification, there must always 
be an Ex responsible person who can help you to specify the equip
ment you need. The installation must be done and the equipment must 
be used in accordance with the established documentation. 

The classification plan divides the area into zones.

The classification plan divides the activities into the zones 0,1,2 for gas 

and 20, 21, 22 for dust respectively, where the lowest figure represents 
the highest risk zone.

If the zone is classified for gas, the installed equipment must be 
marked with the letter “G” (gas) and the category corresponding to the 
zone in question: category 1 for zone 0, category 2 for zone 1, category 
3 for zone 2. In addition, the gas group (IIA, IIB, IIC) and the temperature 
class (T1– T6) must agree with the classification plan.

The corresponding zone division is done for risk zones involving dust 
and the zones are given the marking “D”. 

It can be complicated to interpret the classification and coding of 
articles, so always check with your Ex responsible person about what is 
required for your particular activity.

Pentronic’s products that are now being launched are built for use up 
to zone 1, category 2, gas group IIC. The complete code is: Ex db eb IIC 
T6/T5 Gb, which means the product is suitable in atmospheres directly 
adjacent to containers holding inflammable gas. 

You can now order Pt100 temperature sensors for use in potentially 
explosive atmospheres that are ATEX and IECEx approved. The Pt100 
sensors come in four different models and the construction is flame-
proof, that is, Ex d. Contact your sales engineer at Pentronic for more 
 information. 



To meet customers’ wishes for the shipment of the goods they 
have ordered, every day Pentronic’s logistics team manages con-
tacts with many goods transport companies and a variety of goods 
transport services with differing systems and functions. A new 
goods transport administration (TA) system was installed in spring 
2018 to make the administration of these services easier and more 
efficient.

MORE EFFICIENT SHIPMENTS WITH 
PENTRONIC’S NEW TA SYSTEM

From left: Dennis Lundberg, Susan Stein Larsen and Logistics Manager Magnus 
Karlsson all welcome the new goods transport administration system. 

A TA-SYSTEM is a cloudbased 
technology that makes it possible to 
administer most of the goods trans
port services in the same way, which 
was not the case before.

“Currently we usually use ten to fif
teen different goods transport services 
per day, with each transport company 
having its own specific transport 
documents and separate booking 
system on its own website,” explains 
Dennis Lundberg, who has adminis
tered goods transport for many years.

“The data will now be administered 
via our business system, which will 
send prior notification to the goods 
transport companies plus advance 
information on delivery to the cus
tomer,” explains Logistics Manager 
Magnus Karlsson. “The transport 
administration system will now be part 
of our business system.”

The new administration system, 
which is designed to avoid the risk of 
registration errors, will make life easier 
for the logistics personnel at Pen
tronic but will also benefit Pentronic’s 
customers. Having all the documen
tation in one place not only makes 
the administration easier and more 
efficient; it is also easier to follow and 
track packages and provide customer 
service.

“Most of our customers will now au
tomatically receive tracking numbers 
and other information by email when 
their goods are packed and ready to 
be shipped,” explains Susan Stein 
Larsen, who also has long experience 
of organising goods transport. 

For the second year in a row Pentronic has received an award for 
its collaboration with Tetra Pak. At a ceremony in Lund in April, 
Pentronic’s Key Account Manager Michael Steiner and Managing 
Director Rikard Larsson received a diploma for “Excellence in 
Quality, Delivery and Cost performance during the year 2017”. 

“We are proud that our work to continually improve in terms of technology, 
quality, delivery reliability and efficiency is recognised by our customers,” says 
Michael Steiner. 

“Tetra Pak has been a faithful customer of Pentronic’s since we started fifty 
years ago,” Rikard Larsson concludes. “For us at Pentronic it is important that 
we can be competitive on a global market and where Tetra Pak’s supplier base 
now is around the world.”

RECOGNISED BY 
TETRA PAK FOR THE 
SECOND YEAR IN A ROW 



STRAIGHT FROM THE LAB

One question that is sometimes asked of us here at the 
accredited laboratory is how to interpret the calibration 
certificate.

The IEC17025:2005 standard that all accredited 
laboratories must meet states the following under 
Chapter 5.10 Reporting of results:

“The results of each test, calibration, or series of 
tests or calibrations carried out by the laboratory shall 
be reported accurately, clearly, unambiguously and 
objectively, and in accordance with any specific instruc
tions in the test or calibration methods.”

That is what the standard says but how should we 
interpret the information that affects the calibration 
result?

a)  Correction.  b)  Measurement uncertainty.

Correction is almost always given in °C on calibration 
certificates from Pentronic and tells you how much you 
must correct your readings by.

Assume that you have a calibration certificate for an 
instrument with two sensors that we have calibrated at 
+37 °C. 

On the calibration certificate we have stated a cor
rection of +0.2 °C on sensor X and 0.3 °C on sensor Y.

To handle the corrections in the right way, you must 
always take the reading that is shown on the display 
and then add the correction (together with its sign) to it.

Assume that you get a reading of 36.9 °C on your 
display when you measure with sensor X. The “true” 
temperature is then 36.9 °C + 0.2 °C = 37.1 °C. But if 

CALIBRATION CERTIFICATES AND 
CALIBRATION RESULTS

PRODUCT INFORMATION www.pentronic.se

Pressuretight compression fittings 
have long been used to install tem
perature sensors when the process 
is known to involve a pressure or 
vacuum. Compression fittings are 
also widely used to install tempera
ture sensors when a specific inser
tion depth is desired. 

Pentronic presents a multi com
pression fitting whereby a single 
process connection makes it pos
sible to install a number of sensors 
via one and the same compression 
fitting while retaining a secure seal.

A multi compression fitting can 
now have from 2 up to 40 sensors 
in the same unit, depending on the 

you read the same temperature (36.9 °C) with sensor Y 
enabled, then the “true” temperature is 36.9 °C + (0.3 °C) 
= 36.6 °C.

It is therefore important to handle the correction values 
in the right way so that you get a correct result. 

Measurement uncertainty should also always be 
included in the calibration results. So what do you do with 
that?

You should use that when you analyse how accurately 
you are measuring your processes. You should not add it to 
the readings you get when you use your equipment to take 
measurements.

MULTI COMPRESSION FITTING FOR THERMOCOUPLES, 
PT100S AND OTHER TEMPERATURE SENSORS

size of the compression fitting and the 
diameter of the sensor.

Depending on what temperature the 
multi compression fitting will be used 
at, sealing cones made of various 
materials can be used. Currently we 
offer sealing cones in Graphite, Lava 
and Viton, of which the Viton one is 

reusable. All the multi compression 
fittings have conical NPT threads 
and come in sizes     ”, ¼”, ½” and 
¾” NPT. Suitable diameters of the 
temperature sensors range from 0.5 
mm to 6 mm.

With the help of a multi compres
sion fitting you can install a number 
of thermocouples, for example to 
take Temperature Uniformity Survey 
(TUS) measurements in ovens or fur
naces, and you only need to use one 
compression fitting, unlike before 
when one compression fitting was 
required for every thermocouple. 
This saves both space and time and 
also simplifies the installation.

Accred. no. 0076
Calibration

ISO/IEC 17025

Model 9640000



SURFACE SENSORS AND VARYING 
FLUID TEMPERATURES

If you have questions or 
comments, contact Professor 

Dan Loyd, LiU, dan.loyd@liu.se

QUESTION: The last issue of Pentronic 
News contained a question about 
measurement error when using a 
surface sensor. We have a similar case 
but our pipe has the inner diameter of 
250 mm, the pipe wall’s thickness is 5 
mm, the water flow is 700 m3/h and the 
water temperature is 80 °C. The pipe 
is insulated with 100 mm of mineral 
wool but I do not know if the pipe has 
any coating on the inside. When there 
are operational problems the water 
temperature falls quickly to 60 °C and 
is then fairly constant until our facility 
is running normally again. Is it possible 
to estimate the measurement error 
caused by the temperature change?     

    Sten J               
    
ANSWER: With a water temperature of 
80 °C and no coating inside the pipe 
the measurement error is very small. 
If we do the same type of calculations 
as in Pentronic News 2018 #1 and as
sume that the pipe’s ambient tempera
ture is 15 °C, the measurement error is 
approximately 0.01 °C. The reason why 
the measurement error is negligible 
is that the heat flow to the surround

wall (heat conduction) and the resist
ance on the outside of the insulation 
(convective heat transfer and radiation).
If we assume that the pipe interior has 
a coating of 2 mm with a heat conduc
tivity of 0.3 W/(m K), the coating’s heat 
resistance must be included in the cal
culation. The measurement error is still 
small, about 0.2 °C. In both cases the 
surface sensor is therefore basically 
measuring the water temperature.
In the case where the water tempera
ture inside the pipe changes incremen
tally from 80 °C to 60 °C, we can make 
a rough estimate of the measurement 
installation’s response time. For an 
incremental change of 20 °C, a calcula
tion of the reponse time τ0.5 means that 
the sensor measures the temperature 
change 0.5x20 = 10 °C after nearly 
2 seconds with a clean pipe. With a 
coating of 2 mm, the response time is 
significantly longer – nearly 2 minutes 
– because the coating significantly re
duces the heat flow between the pipe 
and the water. After the transient time, 
the measurement error is once again 
small. Whether the response times are 
acceptable or not must be judged from 
case to case. 

It is important when attaching all 
surface sensors to create a good close 
contact with the pipe – using heat sink 
compound is recommended. It is also 
necessary to regularly inspect the in
stallation because a loose contact and 
an oxide layer between the sensor and 
the pipe are disastrous for the meas
urement result. 

PENTRONIC WELCOMES 
NEW COLLEAGUES 
Pentronic gained two new team members in the first quarter of 2018. 

At left is Benny Ahlsén, who has held production managerial positions at 
various industrial companies since 2008. He is now Pentronic’s new Production 
 Manager. At right is Sebastian Rosander, who most recently worked at Oskars
hamn Nuclear Power Plant. Sebastian will be part of Pentronic’s inside sales team.

ings is small and the heat resistance 
between the water and the pipe 
exterior is very small. With regard to 
the heat resistance between the water 
and the surroundings, the resistance 
in the insulation (depending on the 
heat conduction) dominates over the 
other heat resistances – the resistance 
on the pipe interior (convective heat 
transfer), the resistance inside the pipe 

QUESTION ANSWER
Questions should be of general interest 
and be about temperature measurement 
techniques and/or heat transfer.



THE THERMOCOUPLE MEASURES 
TEMPERATURE DIFFERENCES 
A fundamental feature of the thermo
couple is that two known and different 
materials are kept insulated from each 
other except at the precise point where 
the temperature is to be measured. 
Along the thermocouple a thermoelec
tric effect occurs, which generates a 
measurable voltage. It is very important 
that there is good insulation between 
the materials; moisture or mechanical 
effects can cause large measurement 
errors because the insulation deterior
ates. In a normal sheathed thermo
couple, magnesium oxide is often used 
as insulation.

The thermocouple measures the 
temperature difference between the 
measuring junction and the reference 
junction. See the figure. Correct tem
perature measurement requires that the 
sensitivity, or the Seebeck coefficient 
(SAB which is measured in e.g. μV/ °C), 
is the same along the length of the ther
mocouple wires. We usually say that the 
thermocouple must be homogenous.

To be able to measure the Seebeck 
voltage without error, the circuit must 
have no electrical load. Using digital 
voltmeters, you would normally load 
the measuring circuit with such a low 
current that the measurement error be

Following the previous introduction to thermocouples and Pt100s, we now continue with the 
thermocouple’s construction and applications, and will do the same for the Pt100 in the next issue.

 LESSON 6  THE THERMOCOUPLE 
– ITS CONSTRUCTION AND APPLICATIONS 

The figure shows at left a thermocouple that is exposed to a temperature gradient. The signal 
output EAB is generally expressed by an integral, but can often be simplified to the sensitivity 
(the Seebeck coefficient multiplied by the temperature difference between the measuring and 
reference junctions).

comes insignificant. When an electrical 
load is present, the signal output will be 
more complex because factors such as 
Ohm’s law affect the result.

MEASURING JUNCTION 
CONSTRUCTIONS
For sheathed thermocouples there are 
usually three different types of measur
ing junction construction: insulated, 
grounded and exposed, as shown in 
the figure below. For sheathed thermo
couples the measuring junction is easy 
to form and can be insulated from the 
sheath.

Following	the	previous	introduction	to	thermocouples	and	Pt100s,	we	now	continue	with	the	
thermocouple’s	construction	and	applications,	and	will	do	the	same	for	the	Pt100	in	the	next	issue.	

Lesson	6 The	thermocouple	–	its	construction	and	applications	 

The thermocouple measures temperature differences  
A fundamental feature of the thermocouple is that two known and different materials 
are kept insulated from each other except at the precise point where the temperature 
is to be measured. Along the thermocouple a thermoelectric effect occurs, which 
generates a measurable voltage. It is very important that there is good insulation 
between the materials; moisture or mechanical effects can cause large measurement 
errors because the insulation deteriorates. In a normal sheathed thermocouple, 
magnesium oxide is often used as insulation. 
The thermocouple measures the temperature difference between the measuring 
junction and the reference junction. See the figure. Correct temperature 
measurement requires that the sensitivity, or the Seebeck coefficient (SAB which is 
measured in e.g. �V/ °C), is the same along the length of the thermocouple wires. We 
usually say that the thermocouple must be homogenous. 

 
 
 
 
The figure shows at left a thermocouple that is exposed to a temperature gradient. The signal output 
EAB is generally expressed by an integral, but can often be simplified to the sensitivity (the Seebeck 
coefficient multiplied by the temperature difference between the measuring and reference junctions). 
 
To be able to measure the Seebeck voltage without error, the circuit must have no 
electrical load. Using digital voltmeters, you would normally load the measuring circuit 
with such a low current that the measurement error becomes insignificant. When an 
electrical load is present, the signal output will be more complex because factors 
such as Ohm’s law affect the result. 
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The insulated measuring junction is 
the most common type and is a sturdy 
construction in which the measuring 
junction is well protected from external 
influence. The heat transfer must occur 
through the sheath material and the 
insulation, which makes this construc
tion somewhat slower than the oth
ers. However, on the other hand, the 
measuring junction is protected and 
independent of the sheath material’s 
movement due to temperature differ
ences.

Measuring junctions that are 
welded in contact with the sheath – 

Sheathed thermocouples with the measuring junction’s locations shown in cross-section. The diameter of the wires is normally approx. 20% of 
the sheath’s outer diameter. The sheath’s thickness is normally approx. 10-15% of the outer diameter.



If you would like to discover even more about temperature measurement, Pentronic offers courses in traceable 
 temper ature measurement in Västervik or at your own  premises if required. For more  information visit www.pentronic.se

Sheathed thermocouples with the measuring junction’s locations shown in cross-
section. The diameter of the wires is normally approx. 20% of the sheath’s outer 
diameter. The sheath’s thickness is normally approx. 10-15% of the outer diameter.  
 
An exposed measuring junction is only used in exceptional cases when the 
temperature range is limited and extremely short response times are required. The 
measuring junction is unprotected and the sealing material at the tip can easily crack, 
which often causes moisture problems. 
 
 
Eight standardised thermocouple types 
The IEC1 has standardised eight thermocouple types from the great variety of 
thermocouples that are used in the world. Of the eight, E, J, K, N and T consist of 
base metal alloys whilst S, R and B contain the noble metal platinum.  
Of the base metal ones, type K and increasingly type N are currently the most 
commonly used thermocouples. Type J is only used in exceptional cases in new 
constructions, as is type T.  
 
Type T is often used for physiological measurements based on its advantages at 
these temperatures, an even more stable temperature sensor is RTD (Pt100). 

 
 
Type IEC 

colour 
Working range 

in °C 
Atmosphere 

E      -200 – 900 Good in oxidising atmospheres 
J      -200 – 760 Not for oxidising environments or acids  
K      -200 – 1200 Good in oxidising atmospheres 
N           0 – 1300 Like K but normally better above 200 °C 
T      -200 – 370 Non-oxidising atmospheres  

S/R           0 – 1480 Ceramic protection tubes in all atmospheres  
B           0 – 1700 Ceramic protection tubes in all atmospheres 

 
This table shows the approximate working ranges. The environment, physical 
dimensions and sheath of the thermocouple affect its lifespan and temperature 
range.  
 
The above concepts are deliberately vague because few users have exactly the 
same conditions in their respective processes. At higher temperatures, the ambient 
environment plays a greater role for the thermocouple’s operating time within the 
stated specification. 
 

                                                             
1 International Electrotechnical Commission 

This table shows the approximate working ranges. The environment, physical dimensions 
and sheath of the thermocouple affect its lifespan and temperature range. 
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grounded measuring junctions – are 
sometimes used when faster tempera
ture responses are desired. However, 
grounded measuring junctions have 
weaknesses. When a measuring junc
tion is fused with the outer sheath, a 
larger number of substances are fused 
together compared with when only the 
wires are fused together. This, com
bined with the fact that the thermo
couple is exposed to rapid and large 
temperature changes, can cause the 
measuring junction to break. 

An exposed measuring junction is 
only used in exceptional cases when 
the temperature range is limited and 
extremely short response times are 
required. The measuring junction is 
unprotected and the sealing material 
at the tip can easily crack, which often 
causes moisture problems.

EIGHT STANDARDISED 
THERMOCOUPLE TYPES
The IEC*  has standardised eight 
thermocouple types from the great 
variety of thermocouples that are used 

in the world. Of the eight, E, J, K, N and 
T consist of base metal alloys whilst 
S, R and B contain the noble metal 
platinum. 

Of the base metal ones, type 
K and increasingly type N are 
 currently the most commonly used 
thermo couples. Type J is only 
used in  exceptional cases in new 
 constructions, as is type T. 

Type T is often used for physi
ological measurements based on its 
advantages at those temperatures; an 
even more stable temperature sensor is 
RTD (Pt100).

The above concepts are deliberately 
vague because few users have exactly 
the same conditions in their respective 
processes. At higher temperatures, the 
ambient environment plays a greater 
role for the thermocouple’s operating 
time within the stated specification.

*International Electrotechnical 
 Commission.


