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Weekend shifts at Pentronic help 
keep Swedes warm this winter

learn more about these instruments he has 
taken Pentronic’s Traceable Temperature 
Measurement course.
“We also send Pt100 sensors to Pentronic 
for calibration,” he says.

Better than 100 percent
For OKG, though, Pentronic is primarily a 
supplier of temperature sensors. Because 
they are a key operational component, OKG 
places very high demands on their quality 
and delivery reliability.

For nuclear reactors it is not enough that 
Pentronic has almost 100 percent delivery 
reliability as calculated based on the promi-
sed delivery date. The overhaul of a reactor 
is a gigantic jigsaw puzzle that requires 
meticulous planning of every task.

To give an example: On the first Monday 
in December the temperature sensors in the 
bearings of one of the steam turbines had 
to be replaced. To do so, a narrow window 
of opportunity existed within the planned 
timetable which Pentronic had to meet pre-
cisely so as not to delay subsequent work 
on the reactor. The order reached Pentronic 
along with a demand for an extremely short 
delivery time. As a result, the sensors were 
made in overtime during a weekend so that 
they would be ready on the desired date.

Nuclear power plant availability was a hot 
topic of debate in Sweden towards the end 
of 2011. Would the reactors be operating 
in the depths of the Swedish winter? The 
Swedish company OKG, which owns and 
operates three of the country’s ten nuclear 
reactors, is doing everything to ensure 
that they will, without risking safety. To 
help in this task, Pentronic’s employees 
are working weekends. 

The three OKG reactors are located outside 
the town of Oskarshamn on Sweden’s east 
coast just south of Pentronic’s home base of 
Västervik. The reactors produce ten percent 
of Sweden’s electricity, so if any of them 
experiences a stoppage it directly impacts 
the price of electricity.

At the beginning of December OKG’s 
group in charge of monitoring and calibration 
paid a study visit to Pentronic. Because a nu-
clear reactor produces heat, well-functioning 
temperature measurement is a crucial factor 
in ensuring the reactor’s availability. 
“High quality and reliable deliveries must run 
like a red thread throughout the entire chain,” 
says OKG’s Lars-Eric Nilsson.

He is responsible for the calibration of non-
system-bound equipment, which includes 
temperature instruments and sensors. To 

“It’s impressive that people are so willing to 
help out,” Lars-Eric says. 

Certificate and approvals 
Another important factor is that Pentronic 
has the certificates and approvals required 
by nuclear power plants in Sweden and 
other countries. The end result is the right 
product with the right quality and the right 
documentation at the right time. In turn, 
that’s the reason why a growing number of 
nuclear power plants are choosing Pentronic 
as their supplier.

During their visit, the members of the OKG 
monitoring and calibration group were shown 
Pentronic’s production facilities by technical 
manager Lars Björkvik. He places great 
importance on creating clear organisational 
structures and personal responsibility:
“One employee is responsible for the entire 
order. There’s a clear desire to accomplish 
what we promise our customers.”  

Neat and tidy
His message met with the visitors’ approval, 
as did the neatness and good order that ruled 
inside the production facilities. Everywhere 
was well lit and clean, with everything in its 
proper place – just like at a nuclear power 
plant.

“This is how things must be at our supp-
liers,” Lars-Eric Nilsson says. “Neatness and 
good order must go like a red thread out from 
OKG to our suppliers. No chain is stronger 
than the weakest link.”

His comparison with a chain was no 
coincidence. On the same day, the group also 
visited Gunnebo Industries, which supplies 
chains and other lifting devices to OKG.

Technical manager Lars Björkvik gave a 
tour of Pentronic’s production facilities. 
This is the machining department.

“It’s impressive how Pentronic’s employees are so willing to help out,” says Lars-Eric Nils-
son, in the white jacket, here together with the OKG monitoring and calibration group.



Knowledge a growing part of Pentronic’s offering

Global demand behind 
Pentronic’s steady growth 

Knowledge about temperature measure-
ment and calibration is an ever-increasing 
part of Pentronic’s business offering. Such 
knowledge is both built into the company’s 
products and conveyed via training cour-
ses, which are increasingly being held on 
site at customers’ own facilities.

“The higher the requirements become on 
measurement certainty and tight tolerances, 
the more important it is to do everything right,” 
comments Hans Wenegård, who is in charge 
of Pentronic’s hands-on learning programme.
In Sweden Pentronic has been offering a regu-
lar training course for more than 20 years. Cal-
led “Traceable temperature measurement”, 
it is a broad-based course on temperature 
measurement and calibration that combines 
theory with practical lab work.

A number of Swedish export companies 
now include the course as part of their in-
troductory programme for new employees 
and/or as a continuing education offering 
for existing staff. 
“Knowledge about temperature measure-
ment and calibration is an important part 
of companies’ work to lower production 
reject rates, raise quality, and reduce costs, 
energy consumption and their environmental 
impact,” Hans says. 

Training in China
As requirements become more stringent, it 
is increasingly important both to train entire 
groups of employees and to customise cour-
ses to suit a company’s specific processes. 
Demand is increasing in Sweden for this type 
of course and enquiries are now also starting 
to come in from other countries.
“Among other places, we’ve held courses in 
China, in English and with the help of inter-
preters to Chinese,” Hans says.

Shared courses 
Another trend in Sweden is for several com-
panies or organisations in the same industry 
with similar needs to share a Pentronic-led 
training event. This involves both the regular 
course – so that more people can participate 
without needing to travel away from home – 
and customised courses.

One example of such shared training is a 
business cluster centred on the medical 
technology R&D department at the Norrland 
University Hospital in Umeå in Sweden’s 
far north.
“We invited two other county councils and 
three private companies to participate and 
share the costs,” comments the department’s 
course coordinator Markus Lindkvist. “Even 
though the participants had different back-
grounds and work duties, the post-course 
evaluation showed they were all satisfied.” 

Since companies’ employees have vary-
ing needs and knowledge when it comes to 
temperature measurement, Pentronic works 
hard to provide the right level of hands-on 
learning. Past course participants range from 
new trainees via workers with practical skills 
from the workshop floor to professionally 
qualified engineers.

Pentronic continued to grow in 2011. But 
the economic situation in Europe and the 
US still left its mark.

“Our customers’ customers have to wait 
longer for decisions about financing, which 
in turn is placing higher demands on our 
delivery times,” comments Pentronic CEO 
Lars Persson. 
There are three main reasons why the econo-
mic turbulence is not reflected in Pentronic’s 
own accounts: 
• Much of the company’s business focuses 
on less economically sensitive sectors like 
food, pharmaceuticals and energy. The 
automotive industry is an important custo-
mer but mainly in sectors doing long-term 
research into reducing energy consumption 
and environmental impact.
• Pentronic’s customers operate in a global 
market and are expanding their non-European 
operations. 
• Better temperature measurement improves 
quality and cuts costs. 

Shorter lead times 
However, Pentronic is not unaffected by the 
current situation. One important customer 
group is machine builders in the energy and 

food processing equipment industries. It is 
taking longer for this group’s own customers 
to get the go-ahead to make investments. 
One result is later orders being made to 
Pentronic together with requests for shorter 
delivery times. 
“We have flow oriented our production so 
we can react faster and improve our delivery 
reliability,” Lars says. 

Statistics for 2011 reveal those efforts were 
a success. Last year’s delivery reliability mea-
sured on a daily basis was over 98 percent.  
For contract customers it was almost  
100 percent.   
“We have to be at that level in order to com-
pete as a supplier in a global market,” Lars  
explains. 

Customers, though, expect more than just 
reliable delivery times. A lot of Pentronic’s 
growth is due to the company’s ability to 
tailor its measurement equipment to custo-
mers’ needs.

Investment in new products 
One example is temperature sensors for 
machine builders. Traditionally a machine is 
designed to work with standardised sensors. 
Pentronic does the exact opposite, desig-
ning sensors to suit the specific machine in 

question. A modular assembly system allows 
Pentronic to supply customer-unique sensors 
in large volumes.
“It also reduces our customers’ costs due 
to simpler installation and improved functio-
ning,” Lars says. 

Pentronic has also invested heavily 
over the years to develop new technology 
for temperature measurement. These in-
vestments are ongoing. The company also 
maintains a high level of preparedness so it 
can increase production as its customers’ 
requirements grow. 
“The world needs more and better tempera-
ture measurement,” Lars concludes. “That 
trend has more effect on Pentronic than 
economic ups and downs.”

“Our customers’ customers have to wait 
longer for financing, which places even 
higher demands on our delivery reliability,” 
comments Pentronic CEO Lars Persson, 
adding that industries increasingly need to 
have the right temperature sensors for their 
specific processes



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 !Measurement error 

during ramping 
QUESTION: We are measuring the tempera-
ture in a tube with the aid of a Pt100 sensor, 
which sits inside a thermowell. The tube’s inner 
diameter is 200 mm. The thermowell’s outer 
diameter is 10 mm and the insert length of it 
is 100 mm. Contaminated air flows through 
the tube and the air temperature slowly varies 
at regular intervals between two levels: 30 °C 
and 180 °C. Each ramping cycle takes about 
20 minutes. When we measure without using 
a thermowell, but with only the measurement 
insert (outer diameter: 6 mm) we get the same 
temperature as with the thermowell at the two 
levels, but a deviation when the air temperature 
changes. Is this a measurement error or is there 
another explanation?

ANSWER:  In this case, a measurement error 
is less likely. The phenomenon you describe is 
namely an example of the temperature difference 
that can occur when we measure a temperature 
that changes in the form of a ramp – see the 

diagram. When the air temperature changes, 
the sensor in the thermowell measures the 
temperature with some delay. The temperature 
deviation subsequently remains constant for a 
period of time. If the heat flow from the thermo-
well to the tube’s surroundings is negligible, the 
measured temperature will reach the constant 
temperature level. The deviation, ΔT, depends on 
such factors as the geometry of the thermowell 
and the Pt100 sensor, their physical properties, 
and the heat transfer coefficient between the air 
and the thermowell. The deviation increases with 
the thermowell’s outer diameter and decreases 
when the heat transfer coefficient increases. 
 When we measure using only the comparati-
vely thin sensor (D = 6 mm), ΔT is less than when 
the sensor is in the thermowell (D = 10 mm).
 The heat transfer coefficient of the thin mea-
surement insert is also greater than that of the 
thermowell, which further reduces ΔT. When 
doing both measurements there is for a period 
of time a constant deviation ΔT, but this is not 

STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

A visit can reveal more than 
an accreditation

More and more customers are com-
plementing their demands for quality 
systems, accreditation and the like with 
a personal visit to Pentronic. 

“It’s a welcome development that facili-
tates our cooperation with customers,” 
comments Lars Grönlund, manager of 
Pentronic’s accredited calibration labo-
ratory. 

When quality assurance appeared on 
the business scene a couple of decades 
ago, the main focus was on administrative 
quality. Order must rule within organisa-
tions, routines and filing cabinets alike.

The next step was accreditation, with 
requirements for and monitoring of quality 
levels. Sweden’s accredited calibration 
laboratories were the first to respond, with 
Pentronic among the leaders.

In Sweden, an accredited laboratory’s 
operations are continuously audited by 
the national accreditation body, Swedac 
(the Swedish Board for Accreditation and 
Conformity Assessment) and are also 
monitored by technical experts appointed 
by Swedac. 

Today, quality invol-
ves far more than just 
keeping a neat filing 
cabinet. Quality is at 
the core of a company’s competitive ability. 
Accreditation continues to be important 
as objective proof of a specified quality 
level. However, in accordance with lean 
management principles, more and more 
customers also want to inspect with their 
own eyes how a company operates. 

Both Pentronic and its accredited labo-
ratory are receiving an increasing number 
of customer visits.
“It’s a valuable way to exchange expe-
riences,” Lars says. “Our customers gain 
a greater understanding of calibration and 
we learn more about their specific needs 
and requirements.”

This development is also in line with 
the general aim of accreditation – to 
maintain and improve quality. Customer 
visits contribute both a fresh perspective 
and new ideas for improvements that may 
not be immediately obvious to either the 
laboratory or the supervisory authority.

the same in the two cases. Factors on which this 
comparison is based include the fact that there 
is a similar flow around both the measurement 
insert and the thermowell. 
 If the thermowell in question is of the standard 
type (“DIN, form B”) the constant deviation can 
be estimated at 13 °C, if the air velocity is 10 
m/s. The importance of the deviation must be 
assessed from case to case.

Read more:  www.pentronic.se > Pentronic News > 
Technical articles  > Heat transfer examples

Pentronic’s spring-loaded thermocouples 
make it easy to measure the temperature 
inside a bored cavity. The spring running 
around the outside of the sensor is used 
to continually adjust the insertion depth so 
that the probe tip ends up precisely where 
you want it.

This type of thermocouple is useful for 
doing metal casting and plastic moulding 
when the temperature in the moulds must 
be monitored, and also for extrusion. If the 
moulds must be changed often, it is easy to 
move the thermocouple between the moulds 
thanks to the bayonet fitting and bayonet 
adapter. 

The thermocouple can also be used to 
monitor the temperature of bearings or for 
other applications where the sensor must 
touch the bottom of a bored hole. 

Various versions are available: with an 
insulated or earthed measuring junction, a 
fixed or adjustable insertion depth, a straight 
or angled tip, and/or a splash-proof design, 
as well as with various dimensions for the 
length, bayonet fitting and adapter.

Pentronic 6203000

Sensors for moulding 
tools and bearings 
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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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If you have questions or comments, contact Hans Wenegård: 
hans.wenegard@pentronic.se

Install new thermocouples instead of recalibrating
Ever since the ISO 9000 family of standards 
began to govern the management systems 
used in industry, the calibration of mea-
surement systems and sensors has been 
a self-evident aspect of ensuring product 
quality. However, at high temperatures 
the calibration of used thermocouples is 
not always reliable. In this article we will 
explain why this can happen and how to 
improve measurement quality.

The problem affects the type K and N base 
metal thermocouples, which are the most 
common sensors used in temperatures above 
about 600 °C. Both types K and N function 
superbly up to about 200 °C. From there up 
to 600 °C type N works superbly but type K 
is affected by the hysteresis effect, which 
can give a fluctuating measurement error of 
up to about 4 °C [Ref 1].

Study the installation in Figure 1. A type 
K thermocouple is located 750 mm inside 
a furnace that has a constant and even 
temperature of 900 °C. The output signal 
(μV) is governed by S (T1–T2) where S is the 
Seebeck coefficient (μV/°C) of type K. In this 
example, the temperature gradient between 
the measuring junction, T1 = 900 °C, and the  
reference junction at room temperature,  
T2 = 20 °C, only occurs inside the furnace wall 
and only affects that part of the thermocouple 
that is inside the wall. It is only where the 
slope of the temperature gradient diverges 
from zero that differences in temperature can 
occur. At constant temperatures, i.e. where 
the gradient is horizontal, a thermocouple 
does not generate any output voltage [Ref 2].

Different gradients
To calibrate the thermocouple shown in this 
example, dry block furnaces are normally 
used. These, as well as other types of furnace, 
often have a limited insertion depth. The 
electrical connection can also be damaged by 
heat if it gets too close to the furnace opening 
from which heat can radiate and convect. For 
this reason, during calibration the gradient 
often ends up closer to the sensor’s probe tip 
than is the case for normal installation. See 
the blue dashed line indicating the gradient 
200–250 mm from the tip. In this example S1  
determines the sensor’s properties. If S1= S2  
the calibration is problem free, but this is rarely 
the case at temperatures above about 600 °C.

Determined by circumstances 
One reason is that the particular circumstan-
ces (environment, temperature, etc.) in which 
the thermocouple has been operating affect 
the alteration of the Seebeck coefficient along 
the thermocouple. During operation, the area 
of S1 is mainly affected at 900 °C whilst S2 
senses all temperatures from 900 °C down 
to room temperature. Temperature is a cata-
lyst that initiates many reactions between 
the materials in the surroundings, protective 
tubes, insulation and thermocouple wires. 
The reactions tend to lead to altered Seebeck 
coefficients and constant temperatures result 
in fewer reactions than is the case in a tempe-
rature gradient. In other words, it is far from 
certain that S1 = S2 after a thermocouple has 
been operating for a while inside a furnace.

Another reason for the difference between 
S1 and S2 is the natural variation that occurs 

during the manufacture of thermocouples. Up 
to about 200 °C this is a matter of ±0.1 to 
±0.2 °C, which in the case of thermocouples 
can be regarded as negligible. At 1000 °C 
Pentronic’s accredited laboratory has mea-
sured variations of up to about ±4 °C in ther- 
mocouples made from samples from the 
same roll (batch) of metal-sheathed cable. 

Install new thermocouples
So what can be done to avoid the difficulty 
of having different Seebeck coefficients? The 
answer is: don’t calibrate the thermocouples. 
Instead, replace them with new, unused 
sensors at predetermined time intervals. This 
can actually be less expensive than doing 
repeated unreliable calibrations.

How, then, should you decide what time 
intervals to use? One way is to do in situ 
calibration, which involves calibrating the 
used sensor against a new reference sensor 
inside the actual furnace.

If you calibrate at regular time intervals, 
you can find out when the furnace sensor’s 
signal deviates more from that of the reference 
sensor than can be tolerated. See Figures 2 
and 3. It is a good idea to acquire one or more 
extra sensors to use as reference sensors 
when you are ordering new sensors anyway. 
The extra sensors should then be marked as 
working standards and stored unused when 
not being used for in situ calibrations.

Figure 1 
The use of a dry block furnace means that the temperature 
gradient for the calibration in this example is located at an 
insertion depth of 20-25 cm. The Seebeck coefficient S1 
therefore determines the thermocouple’s properties. When 
measuring inside a furnace the gradient is largely located 
inside the furnace wall, 750 – 1000 mm from the probe 
tip, and S2 determines the properties. If S1 = S2 then the 
calibration is perfect but this is seldom the case at high 
temperatures.

Figure 2 
Theoretical diagram  
of an in situ calibration. 
An outer protection 
tube with a closed end 
functions as an excel- 
lent calibration furnace  
with both sensors having almost identical temperatures if they have the 
same diameters and insertion depths. If the reference sensor TC1 has been 
in operation for substantially less time than TC2 then we can see how TC2 
has changed over time.

Figure 3 
In situ calibration of the sensor 
TC2 against the reference 
sensor TC1. At the tmax point 
in time, the operating time of 
the reference sensor is only 
a fraction of that of TC2. TC1 
has not yet had time to deviate 
from a normal state. The ope-
rational sensors need to be 
replaced with new ones before 
the deviation exceeds ΔTmax.
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