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Customer benefit – the Pentronic  
advantage

but perhaps only the possible measurement 
locations and prescribed performance. Often 
this information comes in the form of a ques-
tion: “This is where we want to measure the 
temperature – how can we do it in the best 
and most cost-effective way?”

For such a commission to succeed, the 
sensor must always be adapted to its inten-
ded task. An existing sensor design can be 
used but the probe tip and/or insert depth 
may have to be altered. The alternative, to 
use a standard sensor, might have required 
adjusting the process to be measured, more 
time-consuming installation of the sensor, and 
poorer sensor performance. 

Cuts costs
“Our work method reduces our customers’ 
need to adapt their requirements and proces-
ses to standardised measuring equipment, 
and this is why Pentronic can be so com-
petitive in the global market,” Roland says.

Thanks to this approach, Pentronic has 
a growing number of direct customers in 
Asia. There, too, it pays off to have the right 
temperature sensor. Because sensors are 
small and lightweight, the costs of shipping 
them are minimal.
 Pentronic also has another rare advan-
tage among sensor manufacturers: its own 

Pentronic supplies temperature sensors 
around the world to global leaders in a 
range of highly demanding industries. 
But how is it possible to manufacture the 
sensors entirely in Sweden? “Customer 
benefit and a lot of built-in know-how,” 
answers Pentronic’s CEO Lars Persson

Global manufacturing falls largely into two 
categories. One is manufacturing in low-cost 
countries close to rapidly growing markets. 
This type of manufacturing often involves 
large-volume, standardised products that 
require a lot of manual processing. The other 
type of manufacturing starts from customers’ 
needs and requires a high level of skill. Ex-
amples of this latter type are a number of the 
Nordic region’s successful export companies. 
They do a lot of research and development 
work in what are called high-cost countries. 
They also have highly automated manufac-
turing processes that require a lot of expertise 
at all stages of production.

Partner in development
“We often get involved at an early stage of a  
development project,” explains sales mana-
ger Roland Gullqvist.

At this stage, the customer has not yet 
chosen a specific type of temperature sensor, 

in-house accredited calibration laboratory 
with the same level of performance as na-
tional metrology centres. The laboratory is a 
valuable resource in both development work 
and ongoing production.

No advantage lasts forever. That’s why 
Pentronic is investing in R&D to a great extent 
for a company of its relatively small size. One 
current example of this work is a miniaturised 
transmitter that is integrated into temperature 
sensors. The result is a more reliable mea-
surement system, lower total costs for the 
customer, and also improved measurement 
performance. A number of other new products 
are at the development stage.

Efficient production
“In order to compete successfully in the global 
market, we have to satisfy our customers’ 
demands,” Lars Persson says.

This approach also applies to the sensor 
manufacturing process. Pentronic offers 
everything from a single sensor to volume 
production. The company is thus a business 
partner all the way from prototype develop-
ment to full-scale production.

The customers are to be found everywhere 
in industry. The individually largest costu-
mers are mainly global leaders in four fields: 
Systems for power generation, disinfection, 
food and packaging, and also development 
of vehicles.

Roland Gullqvist and Lars Persson show a specially developed sensor. On the table are 
some results of current product development. The products sum up Pentronic’s approach: 
customer benefit and competence.

Merry Christmas 
Happy New Year

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, or at www.pentronic.se.



Design engineers – in the midst of production 

What awaits rescue services 
when there is a fire in a tunnel? 
Are the calculations correct about what 
happens when a train catches fire or ex-
plodes in a tunnel? That’s the issue being 
studied by a Swedish research project 
called Metro. Participants have set fire 
to three train carriages and created an 
explosion in a fourth. 

Temperature is an essential aspect of such 
research, especially when a fire is involved. 
How rapidly a fire spreads is critical to eva-
cuation plans.

 “The radiant heat is also an obstacle to the 
rescue personnel and can damage the tunnel, 
making rescue and clean-up more difficult,” 
explains Maria Kumm, a doctoral student 
at Mälardalen University in central Sweden.

Radiant heat can weaken steel structures 
and crack concrete, increasing the risk for 
accidents and delaying the restart of train 
services through the tunnel. This is why the re-
search project has recorded the temperature’s 

dispersion, the air pressure and other factors 
for three deliberately set fires. The trials are 
documented on film at www.youtube.com 
under the heading “Arvika Tunnel Metro”. 

The most spectacular trial involved explo-
ding a train carriage inside the tunnel. The 
explosive charge was placed inside a suitcase 
and the carriage was completely gutted but 
did not catch on fire.

 The large amount of data gathered by the 
project will be used to validate the simulations 
and calculations now being used to predict 
fire development inside tunnels.

 The Metro project will run until the end 
of 2012. Major participating Swedish institu-
tions and organisations, a number of which 
are Pentronic customers, are: Mälardalen 
University, SP Technical Research Institute of 
Sweden, the Faculty of Engineering at Lund 
University, and the Greater Stockholm Fire 
Brigade Stockholms lokaltrafik.  

Swedish researchers are investigating what 
damage is caused by temperature when a 
train catches fire inside a tunnel. Photo: Per 
Rohlén.

Testing everything new
Many of the team’s designs are customer 
specific but their production also needs to 
be as rational as possible. To achieve this, 
Pentronic uses a system of subcomponents 
which can be assembled into a wide range 
of different models. As well as being rational, 
this approach also improves quality because 
all the components are well tried.

Sometimes, though, the box of building 
blocks is insufficient. In such cases, Pentronic 
has the resources to develop new compo-
nents or entire sensors. This is where the lathe 
and similar equipment enter into the picture. 

“We make new components and assemble 
them into a sensor so we can test it,” Daniel 
Sjögren says. 

New production methods for sensors are 
tested in the same way, for instance replacing 
traditional welding with adhesive, laser wel-
ding or crimping. Not until samples of the new 
sensor type have proven to meet the specific 
customer’s requirements in actual production 

In the virtual world of CAD software 
everything is possible. But the real world 
imposes both practical and financial 
limitations. That’s why the lathe is just 
as crucial as the computer to Pentronic’s 
in-house design engineers.

The office of Pentronic’s design engineering 
team is right beside the company’s production 
rooms. Three of the team’s four members used 
to work in production. Leif Jansson began on 
the assembly line years ago when his father 
ran the workshop that later became part of 
Pentronic. Staffan Hällmar was previously 
in charge of the machining department and 
Daniel Sjögren has built temperature sensors.

“This practical experience is a huge 
advantage,” says the group’s fourth mem-
ber, graduate engineer Jonny Heimler, who 
used to work as a design engineer for one 
of Pentronic’s major customers. His opinion 
is confirmed by Staffan Hällmar: “We know 
what’s expensive and fiddly to make.”

will Pentronic start to use the new method in 
its own production process. 

Focus on the customer’s demands
Whilst a new sensor design must be rational 
to produce, what’s most important is that it 
does its job at the customer’s and that it meets 
the applicable regulations and standards for 
different markets and industries, such as Pat-
tern Approval Russia or EHEDG/3A for the 
food industry. Pentronic’s sales engineers 
help customers to assess their functional and 
environmental requirements. Many issues are 
involved and in complex cases Pentronic’s 
design engineers visit the customers’ facilities 
to make sure that everything has been taken 
into account.

“Our goal is to create a sensor that mea-
sures accurately and is produced in the best 
possible way,” Leif Jansson concludes.

Picture: Pentronic’s design engineering 
team in their development environment. 
From left: Jonny Heimler, Daniel Sjögren, 
Staffan Hällmar and Leif Jansson.



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

QUESTIONS?
             ANSWERS !Warming the Christmas  

cheese takes time
QUESTION: A key feature of the traditional 
Scandinavian Christmas smörgåsbord is a 
large round of hard cheese, often set in pride 
of place on the table. It’s common knowledge 
that cheese should be eaten at room tempe-
rature rather than straight out of the fridge. 
But with such a large piece of cheese – in this 
case weighing 2 kilos – how long would it take 
to warm the refrigerated cheese up to room 
temperature?

ANSWER:  Once outside the fridge, the tempera-
ture of the cheese will vary according to both the 
position inside the cheese and the time. Heat is 
transferred to the cheese by conduction from the 
underlying surface on which the cheese is sitting, 
plus by convection and radiation influencing the 
other surfaces of the cheese. Figure 1 shows 
the temperature distribution within the cheese 
while it is warming up, and Figure 2 shows the 
temperature of the cheese as a function of time. 

A numerical solution to the thermal conduc-
tivity equation with the pertaining conditions 
is of course possible. The geometry is simple 
but the cheese mass is not homogenous 
and the boundary conditions are complex. 
The simplest procedure is to measure the 
temperature of the cheese using an insert 
probe for food. 

If we measure the temperature of a chee- 
se of  2 kg we find that it takes about 12 
hours for the temperature at the centre of the 
cheese to rise to a few degrees under room 
temperature. The temperature of the cheese 
surface rises faster, so in practice we do not 
have to wait so long to start eating the cheese 
at the “right” temperature. 

Determining the temperature of foods 
always requires special consideration. Long 
response times, plus the length and diameter 
of the insert probe, are factors that influence 
measurement error.

STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

Customer-friendly traceability services 
The ITS-90 temperature scale is based on 
the triple point of water, 0.01°C. More and 
more companies are requiring tracea-
bility to ITS-90. Pentronic supplies this 
with almost all its temperature sensors.

One easy way to have traceability for tempe-
rature sensors is to order them from Pentronic. 
With a few exceptions, all the company’s sensors 
undergo a final inspection prior to delivery. The 
inspection is documented in a certificate that 
is included in the shipment. The information is 
also made available via Pentronic’s website. 
Traceability as required 
Pentronic inspects its Pt100 sensors at 0 °C 
and thermocouples at 100 °C. Because the 
inspection equipment is traceable to Pentronic’s 
accredited laboratory, the final inspection is 
therefore also traceable. 
 Pentronic can provide full traceability if the 
customer requests it. The customer can also 
select from various levels of final inspection 
or material certificate. This alternative is beco-
ming increasingly common as requirements for 
measurement certainty become more stringent. 
 One increasingly popular choice is batch 
inspections, in which sensors are selected 
according to a non-random pattern for closer 
inspection at the accredited laboratory.
“There is a standard for how to do batch in-
spections, which is established by the American 
Society for Testing and Materials, or ASTM,” 
explains Lars Grönlund, manager of Pentronic’s 
accredited laboratory.

Batch inspections
Here is one example of a commonly used batch 

inspection method. The customer orders a large 
quantity of thermocouples. The sensors are made 
from the same roll of wire or mineral insulated  
cable. The first and last sensors of the batch, plus 
one from the middle of the batch, are selected 
for inspection in the accredited laboratory. The 
rest of the batch undergoes Pentronic’s standard 
inspection procedure.
“This inspection method is not as reliable as a 
100% inspection but it is probable that the material 
has the same properties throughout its length,” 
Lars says. “The only way to convert probability 
into certainty is by doing 100% calibration. If this 
is also done under accreditation, the customer 
achieves a lower measurement uncertainty than 
that provided by Pentronic’s standard inspection 
procedure.”
On-site inspections or call-ins 
However, a calibration only provides clarity about 
the measurement uncertainty of a sensor and any 
ancillary equipment. Usually, the goal of calibration 
is to help make a customer’s production process 
more energy efficient, faster, or better quality. To 
achieve this, the entire production facility must be 
calibrated – but a giant papermaking machine or 
curing furnace is hardly something that can be 
sent to a laboratory for inspection.
“In such cases we perform the calibration on site 
under accreditation, and the result is better process 
performance,” explains Lars, who over the years 
has visited many of Sweden’s leading companies 
with Pentronic’s calibration equipment.
 Another type of calibration service available 
is a non-binding service agreement with an ac-
credited laboratory. The customer decides how 
often such calibration should occur. For example, 
more than 100 of Sweden’s municipal environment 

Fig. 2. Time curves for the temperature at the 
surface respectively the centre of the cheese.

Fig. 1. The temperature dis-
tribution inside and outside 
the cheese at different times:  
t = 0, t > 0 and t at infinity.

and health protection offices 
have such an agreement with 
Pentronic’s in-house labo-
ratory. The lab calls in their 
food inspection equipment 
for calibration twice a year.
“The aim of doing these 
regular calibrations is so that the municipalities 
can perform traceable inspections resulting in 
measurement readings that will stand up in a court 
of law,” Lars says. 
 Pentronic offers many options for traceability 
to the ITS-90 temperature scale. The choice is 
up to the customer.

Laboratory manager Lars Grönlund acti-
vates a triple point cell of water, 0.01 °C. 
Pentronic offers traceability to the ITS-90 
temperature scale in various ways.
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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

Pentronic’s products and services
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Rely on the tolerance limits or calibrate?

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

What is the significance of tolerances for 
temperature sensors like thermocouples 
and Pt100 resistance thermometers? Can 
you get a smaller measurement error by 
using wire and detectors from the same 
manufacturing batch? How can calibration 
help? Here are the answers.

The IEC and other organisations have stan-
dardised thermocouples and Pt100 sensors. 
The standards specify the tolerances and 
tables for the output signals as a function 
of temperature, as well as for the extension 
cables, including colour coding. The reason 
for these standards is partly to make sensors 
of the same type interchangeable, and partly 
to reduce the number of different varieties 
of sensors in what is an increasingly global 
market.

To achieve interchangeability between 
sensors of the same type, we must create an 
interval, ΔT, within which the output signals 
are allowed to vary, in order for the sensor 
to be categorised as, for example, a type K 
thermocouple. ΔT is called the “tolerance” 
and is shown in Figure 1. Tolerance is usually 
divided into different classes, which for type 
K and N thermocouples are called classes 1 
and 2. Note also that the temperature inter-
vals of the tolerance classes can differ within 
the same thermocouple type and between 
standards organisations. 

Pt100 sensors have tolerances in a cor-
responding way but there are more classes. 
These are AA, A, B and C in accordance with 
IEC60751:2008. Figure 2 shows classes A and 
B. A number of standards exist, including an 
American one and a Japanese one. The IEC 
standard is also followed to some extent in 
other parts of the world. Like the tolerance 
limits of the Pt100, those of the Pt1000 are 
equal in degrees but the resistance per degree 
is ten times greater.

Tolerances too wide 
If you rely only on the stated tolerances, you 
must expect a relatively large deviation when 
you replace a sensor. In the worst case, you 
can, at a given temperature, replace a sensor 
that is close to the upper tolerance limit with 
one that is close to the lower tolerance limit. 
An estimate of the size of these deviations 
is presented by the tolerances shown in 
Figures 1 and 2. It is not certain that the 
output signal would show a proportional 
deviation throughout the entire temperature 
interval. The deviation curve for a specific 

sensor can very well “meander” between 
the tolerance limits, especially in the case of 
non-noble-metal thermocouples such as E, 
J, K, N and T at higher temperatures. Wire-
wound Pt100 sensors are very predictable 
on an individual basis.

The same batch
It is possible to easily reduce the effect of 
the stated tolerances when replacing a sen-
sor. Just order a number of thermocouples 
made from the same manufacturing batch of 
thermocouple wire or metal-sheathed cable. 
This solution works because the deviations 
along the length of these materials are fairly 
homogeneous. At low temperatures up to a 
couple of hundred degrees Celsius, the dif-
ference can be counted in one- or two-tenths 
of a degree, and the operating time normally 
has little effect in a non-harsh environment. At 
higher temperatures the difference is ten to 
twenty times greater and can rapidly increase 
even more after the thermocouple has been 
operating for a while.

In the case of Pt100/Pt1000 sensors, it 
helps that platinum is a stable metal. When 
replacing a sensor, it is possible to expe-
rience the same situation of going from one 
tolerance extreme to the other. You can limit 
this by ordering a detector from a closer 
tolerance class, if one exists. Otherwise, the 
best approach is to use individual calibration 
(see below).

The effect of operating time 
The risk is high that the performance of 
thermocouples changes in proportion to their 
operating time; they are perishable items. 
This is particularly true at high temperatures 
and especially in combination with frequent 
cyclings between high and low temperatures. 
These changes occur relatively slowly and 
can therefore be difficult to detect without 
special investigation.

Pt100 sensors that are assembled in 
unsanitary conditions or that are exposed to 
heavy metals or any other harsh environment, 
and that are used or cycled at high tempe-
ratures, also risk undergoing changes as a 
result of their operating time. In this case, too, 
deviations in their readings are hard to detect 
without investigation. At low temperatures 
and in non-harsh environments, the sensors’ 
temperature drift is very limited. 

Calibration gives certainty 
By far the lowest measurement uncertainty 
comes from doing individual calibration. The 

basic rule is that a sensor should be calibrated 
at a temperature that is close to its operating 
temperature. If the sensor is used to take 
readings within a temperature interval, it is 
best to calibrate at these two end points 
plus preferably also at other important points 
within the interval. Large intervals require 
more calibration points than small ones do. 
Internationally accepted calibration rules 
advise against extrapolation outside the 
calibrated interval.

Figures 1 and 2 show some calibration 
points with approximate measurement uncer-
tainties for the sensor at various temperatures. 

When using Pt100 sensors, it is especially 
beneficial to calibrate throughout the sensor’s 
entire temperature range. Under accreditation 
it is possible to use a few calibration points 
to map the sensor between the outer points 
and present the results in a table.

The positive tolerance ΔT for types K and 
N thermocouples in accordance with 
IEC60584. Calibration at low temperature 
(e.g. 0 and 150 °C) provides data about 
the specific thermocouple’s (dotted line) 
properties. The uncertainty interval (shown 
by the red markers) is ± 0.1 to ± 0.2 °C.  
At high temperatures (in this case 600 and 
900 °C) the uncertainty is reduced, at least 
initially, to approx. ± 0.7 °C by calibration.

The positive tolerance for wire-wound 
Pt100 sensors in accordance with 
IEC60751:2008 classes A and B. For a 
calibrated individual sensor (dotted line) 
the measurement uncertainty is reduced 
to approx. ± 0.02 °C, which in this case 
is so small that it is included in the grey 
calibration points.

Figure 1

Figure 2


