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Temperature measurement can improve 
combustion engine performance 

Pentronic a development partner
Temperature sensors for the development of 
vehicles and especially engines have been 
one of Pentronic’s core areas for many years. 
The automotive industry is investing major 
resources in refining various versions of the 
internal combustion engine.

“Temperature is gaining an increasingly 
important role,” Per explains. “There is a 
need to make more precise measurements 
at more numerous and increasingly hard to 
access points.”

He himself has been working with the 
automotive industry for 25 years. In that time, 
temperature has gone from being measured 
primarily in oils, coolants, emissions and 
suchlike to being measured at specific points 
in an engine’s moving parts. One example of 
such a measuring point today is the surface 
temperature on the top of a piston – a part that 
moves up and down more than a thousand 
times a minute. 

Design is the key
Pentronic has followed the example of the 
engine designers and has refined tradi-
tional methods, mainly for the design and 
manufacture of Pt100s and thermocouples. 
The advances are not in the measurement 
principles themselves but rather in how the 
sensors are designed and used.

Automotive engineers have designed 
internal combustion engines that no one 
believed were possible a mere 20 or 30 
years ago. Today’s engines squeeze twice 
as much power out of their fuel and pro-
duce significantly less pollution. But better 
temperature measurement can help them 
get out even more. 

Men with names like Otto and Diesel began 
creating various versions of the internal 
combustion engine in the 19th century. In 
the decades since then, many people have 
said that further improvements to the basic 
concept were impossible. But every time the 
market and regulators made what seemed to 
be unreasonable demands, the automotive 
industry has come up with solutions – whether 
for cars, trucks or buses.

At the same time as fuel consumption 
and harmful emissions were being reduced, 
the engines were also being developed into 
marvels of reliability. Not so long ago, a car 
engine was regarded as being ready for 
overhaul after 100,000 kilometres. Today’s car 
engines have barely been broken in by then.

“The automotive industry has very com-
mitted and highly skilled engineers and 
technicians,” says Per Wilén, a sales engineer 
at Pentronic with automotive temperature 
sensors as one of his specialities.

  

Only rarely do existing temperature sensors 
meet all the automotive industry’s demands. 
Instead, specialised sensors for taking a 
variety of readings are developed over time. 
But thanks to Pentronic’s design and manu-
facturing set-up, the costs and amount of 
work required are reasonable.

Special becomes standard
“We have a broad range of subcomponents 
which we combine and add to so that we 
can construct the required sensor in a cost-
effective way,” Per explains.

Thanks to Pentronic’s long experience 
as a supplier to the automotive industry, the 
company has gained a deep understanding 
of the demands placed on temperature 
sensors during the development phase of a 
new engine or vehicle model. Often a solu-
tion already exists and only needs minor 
modification to suit the vehicle in question. 

When the new sensor has proved itself, it 
is given a part number and can be ordered by 
customers as easily as any standard product.

Finally, the question which is always being 
asked: can the internal combustion engine 
be developed even further? 

“I’m convinced it can,” answers Per Wilén, 
who has seen with his own eyes what is being 
done to meet both today’s and tomorrow’s 
standards.

Engine development has been one of Pentronic’s core areas for many years. Roland Gull-
qvist and Per Wilén say that well-designed temperature measurement has greatly improved 
both fuel economy and emission levels.

 “The automotive industry has very com-
mitted and highly skilled engineers and 
technicians,” says Per Wilén, here holding 
examples of temperature sensors for 
engines.



Sweden’s most in-depth temperature expertise 

in at least one field. On the first page of this 
issue we present one of them, Per Wilén, 
who specialises in the automotive industry.

These product specialists are Pentronic’s 
interface with its customers. They document 
customers’ needs, investigate the relevant 
conditions and discover solutions in collabo-
ration with design and production engineers. 

Pentronic’s accredited calibration labora-
tory means that the solutions can be quality 
assured at the highest possible level.

This photo depicts most of Pentronic’s 
marketing and sales engineers. Together 
they represent Scandinavia’s most wide-
ranging knowledge about industrial tem-
perature measurement. Many of them have 
more than 25 years’ experience. But the 
depth of their experience is even greater 
than the breadth. 

The sales engineers do far more than just 
sell. Each of them is also a product specialist 

Add to this the fact that Pentronic trains its 
customers in the difficult art of measure-
ment and calibration. The result is a chain 
of expertise which begins with an insightful 
customer and ends with the right method 
and the right equipment. 

Pentronic is one of the world’s few mea-
surement equipment manufacturers to offer 
such great breadth and depth in the field of 
industrial temperature measurement.

Pentronic’s product specialists. From left: Hans Wenegård, Per Bäckström, Roland Gullqvist, Per Wilén, Boije Fridell, Michael Steiner, Mat-
tias Hedlund and Jonas Bertilsson.

Based on the specific temperature sensor’s 
design and manufacturing process, Pentronic 
works together with the customer to develop 
appropriate checkpoints and test procedures. 
Manufacturing of the sensor can then begin.

Each sensor is accompanied by an ope-
rations list all the way to the final inspection. 
Every step is documented in writing and 
initialled by the operator in order to ensure 
that the individual sensor corresponds to 
the specifications. Some of the tests can be 
done during the manufacturing process and 
some afterwards, for example at Pentronic’s 
accredited calibration laboratory.

Individual monitoring increasing
“Monitoring of sensors at the individual 
level is becoming more and more common, 
particularly in the energy production indu-
stry,” Boije says. “But similar demands are 
also starting to come in from other strictly 
regulated and monitored industries, such as 
pharmaceutical and food production.”

When specific demands are made, Pentro-
nic has the resources, routines and an accre-
dited laboratory for quality assurance. 

Established quality assurance systems 
are proving to be inadequate more and 
more often. Pentronic has the experience, 
routines and resources to provide quality 
assurance when a customer makes special 
demands. 

One example is the demands made by the 
nuclear power industry. Pentronic supplies 
equipment such as temperature sensors, 
which are used in nuclear safety systems. 
In such cases, normal industrial quality as-
surance such as ISO 9000 is insufficient.

“For the most critical applications, ex-
tensive testing and documentation of each 
individual sensor are necessary,” explains 
Boije Fridell, sales engineer at Pentronic. 

The procedures for doing so are determi-
ned on a case by case basis depending on 
the customer’s requirements. Often some of 
the sensors involved are safety critical. 

Audit and testing
The collaboration usually starts with the 
customer coming to Pentronic to do an audit, 
so they can personally inspect every stage of 
the production process with their own eyes. 

Quality assurance which  goes farther than ISO 9000

Each step in the manufacturing process is  
documented in writing and initialled by the  
operator in order to ensure that the individual 
sensor meets the specified requirements. 
Here a sensor is being tested at Pentronic’s 
accredited calibration laboratory. 



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 !

Probe diameter influences tempera-
ture measurements
QUESTION: We use a relatively thick type K 
thermocouple to take temperature readings 
in an air duct. Normally we use a sheathed 
thermocouple with an outer diameter of 6 
mm. The temperature of the air flow increases 
from 50 °C to 150 °C at regular intervals over 
a 3-minute period. The temperature then re-
turns instantaneously to 50 °C. If we take the 
readings with a thinner, hand-held sheathed 
thermocouple we obtain a faster response but 
also a higher maximum temperature. A thicker 
thermocouple should respond more slowly than 
a thinner one, but why is the maximum value 
affected? Could the difference be due to the 
fact that we are using different instruments to 
record the temperature?

Per-Olov S

ANSWER:  When we measure a temperature 
which changes in the form of a ramp there is 
always a certain delay if we are using e.g. 
a mineral-insulated metal sheathed (MIMS) 
thermocouple as a sensor. The delay is influen-
ced by such factors as the sensor’s design, the 
sensor materials’ thermal properties, and the 

heat transfer coefficient between the air flow 
and the sensor. See the figure. A smaller outer 
diameter of the sensor reduces this delay and 
vice versa. See further [Ref 1].

The figure also shows that the highest 
measured temperature is lower for the 
thicker sensor than for the thinner one. One 
prerequisite for this conclusion is that the air 
flow around both the sensors is of the same 
type and that the reading is done at the same 
location in the channel. If we assume that 
the air velocity is 10 m/s the thicker sensor 
will show a temperature that is almost 30 °C 
too low after 3 minutes. The corresponding 
value for a sensor with a 3 mm diameter is 
10 °C. The sensor’s diameter will affect the 
calculation of the mean temperature in the 
same way. If the same type of measurement 
were done in water with a velocity of 1 m/s, 
the measurement error would be less than  
1 °C for both sensors. 

When the measurements were taken the 
thicker sensor was fixed to the wall and the 
other was hand held, which could have af-

 STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

Important information in 
a calibration certificate 

A calibration certificate from an accredited calibra-
tion laboratory contains a lot of information about the 
measuring environment, method, and so on. Despite all 
this information, almost all the questions we receive involve the table 
shown below. This is an attempt to answer some of the most frequently 
asked questions. 

fected the measurement process even if it 
was otherwise done in the same way and at 
the same place. Various types of instruments 
are used to record temperature, and this could 
also have affected the readings. In both cases 
the effect was probably minor compared to 
the influence of the sensor’s outer diameter. 
The significance of the delay and the too-low 
temperature reading is another interesting 
issue. Unfortunately it is impossible to give 
a general answer to this question, as each 
case must be analysed separately.

Read more:  www.pentronic.se > Pentronic News > 
Technical articles  > “Read more PN12-3”

Calibration temperature, °C          Correction, °C     Total expanded  
           measurement  
           uncertainty, ± °C

      0           0.0   0.15

  100       +0.1 0.15

  500         -1 1

1000        -3 1 

•  The calibration temperature refers to those points at which the calibra-
tion has been done. 

•  The correction is how much the value displayed by the instrument must 
be corrected at the respective calibration temperatures. The correction term 
must always be added, together with the appropriate plus or minus sign, 
to the displayed value. Accordingly, if the display shows 500 °C the “true” 
temperature will be 500 + (-1) = 499 °C.

•  The measurement uncertainty is only to be used when the customer does 
an in-depth analysis of his own total measurement uncertainty.

“You are welcome to contact us if anything is unclear,” says laboratory 
manager Lars Grönlund.

References:
[Ref 1] Pentronic News 2012-1, p 3
See pentronic.se > Pentronic News > PN Archive

When composite materials are cured in autoclaves the temperature 
must be measured at a number of points either in or on the product. 
Pentronic has a new type of PFA-insulated thermocouple which cuts 
costs while maintaining performance. 

Composites are cured in an autoclave with the aid of positive 
and negative pressure plus heat. The temperature, which reaches a 
couple of hundred degrees Celsius, is decisive to the result, which is 
why a few thermocouples are applied inside or on the surface of the 
product being cured. 

Thermocouple wire covered with soft insulation allows air to enter 
between the wire and the covering, which leads to leakage. Therefore 
metal-sheathed thermocouples are usually used. 

Pentronic can now supply temperature sensors with an airtight 
covering made of the plastic material PFA. The sensors are air tight 
and can operate up to just over 200°C. The thermocouples are part 
of Pentronic’s standard product range.

The wires inside are the equivalent of those in the corresponding 
metal-sheathed thermocouples, so there is no difference in terms of 
measuring performance. The difference is a lower price and easier 
handling compared with metal-sheathed thermocouples.

PFA-insulated temperature sensors are also an alternative in other 
applications which involve pressure or a vacuum.

Sealed autoclave sensors 

Airtight PFA-insulated thermocouples reduce costs when 
manufacturing composite components.



 

SE-590 93 Gunnebo, Sweden
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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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Send address details to info@pentronic.se
Free subscriptions for your colleagues ?

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

Which thermocouple type should I choose for high temperatures? 

References:
[Ref 1] See Pentronic News 2011-4 page 4  
[Ref 2] See Pentronic News 2012-1 page 4

There are a number of standardised ther- 
mocouple types which can measure 
high temperatures over 1000 °C. Which 
ones are they and what are the criteria 
for choosing the most appropriate one? 
Here are some suggestions of relevance 
to environments such as high temperature 
furnaces and boilers..

According to the IEC 60584 standard, the 
thermocouples which can measure tempe-
ratures over 1000 °C in an oxidising environ-
ment are the base metal types K and N plus 
the noble metal types S, R and B. ‘Noble’ 
means that platinum is alloyed with rhodium 
in various proportions and incorporated into 
the thermocouple wires. Tungsten-rhenium 
type C and D thermocouples are intended 
for use in high temperatures in reducing 
environments and vacuums.

Thermocouples degenerate
The maximum temperature is not the only 
factor determining the choice of sensor type. 
The measuring environment degrades sen-
sors, partly by mechanical action and partly 
by chemical attack. At high temperatures a 
metal sheath is not completely sealed against 
penetration by unsuitable molecules, which 
can combine with the wires and degenerate 
the output signal significantly faster than at 
lower temperatures.

The thermocouple’s own components 
can also begin reacting with the wires at high 
temperatures. For best results, the noble 
metal types R, S and B require extremely 

pure ceramic (Al2O3) in order to insulate the 
wires from each other, followed by an outer 
bottomed protection tube. See figure 1. In this 
case, too, the thermocouple’s degeneration 
rate is determined largely by the degree of 
purity of the insulation rods and protection 
tubes. 

Metal sheathed cables 
Metal sheathed cables, called sheathed 
thermocouples, are most frequently used 
with types K and N. The metal casing, insu-
lation and wires can themselves interact at 
higher temperatures and thereby degenerate 
the output signal. See figure 2. The metal is 
often Inconel 600 and the insulation consists 
of densely compressed magnesium oxide 
(MgO) plus a small proportion of impurities. 
MgO has many excellent properties but 
loses its insulating ability with increasing 
temperature [Ref 1].

Countless trace elements are also present 
in the thermocouple wires, especially in type 
K, and can degenerate the readings. This 
fact, together with the impaired insulating 
properties at high temperatures, means that 
the base metal thermocouples K and N are 
limited in terms of their practical use to ap-
proximately 1200 °C, which is close to the 
metals’ melting point. Diameters under 4.5 
mm should be avoided. It is possible to use 
outer protection tubes made of high tem-
perature steel to extend the operating time. 

The platinum thermocouples R, S and B are 
also available in the form of metal sheathed 
cables. The construction is similar to that 

Figure 2. A sheathed thermocouple in cross sec-
tion. The sheath thickness is approx. 0.1D and 
the wire diameter approx. 0.2D. Versions with 
double separate thermocouple circuits also exist.

Figure 3.Tolerances for thermocouple types K, N, R/S 
and B in classes 1 and 2 in accordance with IEC 60584 
for temperatures above 0 °C. Note that the measuring 
ranges have different limits. Types R and S have a 
shorter lifetime above 1300 °C. Type B is only available 
as class 2 and the signal level only begins to increase 
from close to zero at 600 °C. However, in compensa-
tion, ordinary copper wires can be used from the ter- 
minal head to the measuring equipmen

Figure 1: A typical construction of thermocouple 
types R, S and B. The measurement insert con- 
tains noble metal wires with a diameter of 0.5 
mm for a longer operating time. The ceramic in-
sert is protected by an outer bottomed ceramic 
tube. A steel neck provides stability and the at-
tachment for a screw fitting, flange or similar.

Figur 3 

of base metal thermocouples, with sheaths 
that can be made of Inconel 600 or platinum. 

Determine the operating time
In addition to being more precise than the 
base metal thermocouples, the noble me-
tal thermocouples R/S and B cost more, 
mostly because of the platinum. However, 
the noble metals do have a significant scrap 
value. The required ceramic is sensitive to 
sudden changes of temperature and me-
chanical damage. If you are measuring at 
around 1000 °C it may be worth making a 
comparison with base metal thermocouples 
such as N or K. In situ calibration is a good 
way to determine the operating time after 
which a thermocouple degenerates outside 
a deviation which is acceptable to the user. 
[Ref 2]. If the operating time is long enough, 
more frequent replacement of base metal 
thermocouples can be more economic than 
using noble metal thermocouples.

Figure 3 shows the tolerances for the 
relevant thermocouple types. Tolerance 
deviations can be calibrated away to some 
degree. Thermocouple types K and N should 
not be calibrated but should instead be re-
placed with new ones [Ref 2]. Types R, S and 
B are more stable than the base metal ones 
at corresponding temperatures. However, 
calibration can be beneficial. As we have 
seen, the choice of high temperature sensor 
depends on many factors.
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