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Better measurement can cut costs  
by 20 percent 

leading energy companies. Pentronic’s met-
hods and products improve the performance 
of customers’ temperature measurement 
processes. In turn, customers can thereby 
control their processes more closely and 
refine them further.

One expanding market segment for Pen-
tronic is the production of electricity and heat 
with the use of large diesel engines, gas turbi-
nes and steam turbines. These machines run 
on fossil fuels, liquid biofuel or solar energy.

These processes have considerably 
greater energy utilisation than, for example, 
car engines. One of the secrets behind more 
efficient combustion is more precise tem-
perature measurement. This is Pentronic’s 
core expertise, and the company is investing 
significant resources in developing new mea-
surement systems.

Arctic cold and desert heat
More accurate measurement involves far more 
than just improving readings by a few decimal 
points. An increasingly important aspect is 
that the equipment must withstand extreme 
climate conditions and permit the rapid 
start-up of energy production. Pentronic’s 
measurement systems for the energy sector 
must be able to cope with both arctic cold 
and desert heat. For example, take a gas 

One of Pentronic’s main products is more 
efficient energy usage. That goal has never 
been more topical than today – now that 
Germany has decided to eliminate its nu-
clear power stations and the world is facing 
a long-term future without fossil fuels.

Based on a survey of Sweden’s 266 biggest 
companies, the international energy service 
provider E.ON concludes that the nation’s 
companies can reduce their energy consump-
tion by up to 20 percent without negatively 
affecting their business operations.

The Swedish Energy Agency, a govern-
ment body set up to encourage efficient 
energy usage, says that to achieve this goal, 
companies must measure more often and 
with greater accuracy so they can control 
their energy usage and processes better. 

More efficient energy usage not only re-
duces a company’s environmental footprint 
but also cuts costs.

“If companies and private customers were 
more energy efficient, there would be large 
cost savings and clear environmental bene-
fits,” comments Lars Lagerkvist, CEO of E.ON 
Försäljning Sverige AB, in a press release.

A world-leading player 
Pentronic supplies a number of the world’s 

turbine located along a gas or oil pipeline in 
Siberia. Each stoppage of the turbine involves 
huge costs both because the pipeline flow 
stops and because spare parts and workers 
must be flown in. The turbine’s temperature 
sensors and their electronic systems must 
therefore be able to cope with the extreme 
conditions on site.

Another example is renewable energy 
sources such as solar and wind power. For 
each wind turbine in operation, there is also a 
backup energy source, which must be started 
up when the wind fails. This source might 
be a diesel engine, which must be quickly 
started so that the voltage of the electricity 
grid remains stable. Electricity consumers 
should not notice when the wind dies down 
or clouds cover the sun.

Reliable supplier 
Because temperature measurement is so 
crucial to both today’s and tomorrow’s en-
ergy systems, high demands are also placed 
on the manufacturers of sensors and other 
equipment. All equipment eventually wears 
out and must be replaced. Then it is critical 
that the supplier is still in business and is 
able to deliver the right equipment to the 
right place at the right time.

“Pentronic is a stable business partner 
with leading expertise in temperature mea-
surement, as well as high product quality and 
excellent delivery reliability. All of these factors 
are important to the entire energy sector,” 
summarises Pentronic’s sales manager, 
Roland Gullqvist.

Examples of sensors optimised for various 
measurement tasks.

Daniel Sjögren is one of Pentronic’s design engineers. Here he inspects the end result of 
his work.



Pentronic’s miniature transmitter – the two-year track record
Stable and very accurate 

Pentronic’s miniaturised PAT1101 trans-
mitter has been in production since 2009. 
It is supplied as an OEM component to 
machine builders. In practical use it has 
proven to deliver on its promises: easier 
installation and significantly improved 
accuracy.

The transmitter is supplied integrated with a 
Pt100 temperature sensor. The entire unit is 
calibrated and then adjusted, which means 
that the total measurement error is far lower 
than is the case with a separate sensor and 
signal transmitter.

“In addition, the probe tip and the sensor 
as a whole are designed for the specific 
measurement task, thereby further impro-
ving performance,” says Pentronic’s sales 
manager, Roland Gullqvist.

The transmitter itself is no larger than a 
thumb, measuring ∅16 x 60 mm including 
the M12 connector. Size, though, has nothing 
to do with performance. The printed circuit 
board contains high-performance electronics 
with high resolution and a wid e measuring 
range from – 200 to + 800 °C.

Only as a unit
First-class electronics, though, are not 
enough by themselves. The measuring range 
and the accuracy of the readings, which come 
in the form of a 4-20 mA process signal, are 
determined by two factors: the temperature 
sensor’s design and the post-calibration 
adjustment. That is why Pentronic does not 
supply the transmitter separately but only 
together with a temperature sensor.

“However,” Roland explains, “there are 
two versions of the sensor – one with the 
transmitter built into the sensor, and the other 
with the transmitter supplied as a separate 
unit connected to the sensor by a four wire 
signal cable. In both cases the entire assembly 
is adjusted prior to delivery.” 

Tougher requirements
Customers’ demands for the transmitter 
are not being driven primarily by a desire 
for accurate electronics alone, but rather 
by increasingly tough industry requirements 
for better total measurement accuracy. Not 
long ago, it was often sufficient to keep a 
measurement error within whole degrees. 
As quality demands and energy costs have 

increased, accuracy requirements have ex-
panded down into tenths of degrees. This level 
of accuracy is extremely difficult to achieve 
in real-life conditions when using traditional 
equipment. That is why Pentronic developed 
not only a new transmitter but also an entire 
measurement system.

Final measurement accuracy depends 
on factors such as the measuring environ-
ment and temperature range. It is therefore 
important to adapt the probe tip to the task. 
For instance, the insertion depth into the 
measurement medium should be as long 
as possible. This reduces losses from the 
protective tube – that is, the dissipation to 
the surroundings of heat or cold, depending 
on what is being measured. 

Tenths of a degree
The increasing demands for accuracy are also 
due to an understanding of how the applicable 
standards for temperature sensors function. 
For example: A Pt100 IEC 60751 class A 
sensor must remain within ±0.15 °C at 0 °C. 
This measurement uncertainty increases with 
the distance away from 0 degrees. At 150 °C 
the standardised tolerance is already ± 0.45 
°C. On top of that come error contributions 
from the associated cabling and electronic 
systems. Even at relatively low temperatures 
the measurement uncertainty can shoot up 
to whole degrees or even more, when using 
a traditional measurement chain consisting 
of a separate three-wire connected sensor, 
a transmitter and a PLC.

“In contrast, by using system calibration, 
and by using this new miniature transmitter 
in ideal conditions,  we can get down to to-
lerances of less than one-tenth of a degree,” 
Roland says. (See “Straight from the lab” in 
this issue plus [Ref 1]).

Some of the industries leading the way in 
adopting the new measurement technology 
are energy production, pharmaceuticals, food 
(with a sensor certified in accordance with 3A 
and EHEDG) and the vehicle industry. In addi-
tion to high requirements for accuracy, other 
factors driving this adoption are demanding 
environments with high ambient temperatu-
res, corrosive substances, or extremely high 
or low process temperatures.

Extensive testing
Pentronic has done long-term testing of 
sensors equipped with the new transmit-
ter – and, as a curiosity, also installed in an 
old car, where the sensor was mounted in 
the engine compartment and was exposed 
to varying ambient temperature, road salt 
and vibrations. Since the sensor tests, the 
car has passed three official Swedish motor 
vehicle annual inspections and the transmit-
ter and sensor are still measuring within their 
specification range. 

In the autumn of 2011 the company will 
present a digital version of the transmitter. 
The measurement uncertainty of the digital 
version is equivalent to that of the analog 
version now in production; the differences 
lie in the transmitters’ functions.

Kurt Eriksson (in the red sweater) with some of the team who are developing the new trans-
mitter series.

[Ref 1] See Pentronic News 2011-1, s. 4

d) Equipped  
with a hygienic connection 

(EHEDG) for food processes  
in medium-high temperatures.

a) Equipped with a tri-clamp  
connector for processes with  
high hygiene requirements (3A).   

c) Connected to a long  
protective tube or a metal-sheathed  

cable for higher process temperatures.  
Can easily be equipped with various 

mounting attachments.

b) ) Equipped with  
a cable connector for 

ease of accessibility, etc.

The transmitter can be integrated with many different designs 
of Pt100 probe tips for measuring ranges within -200 to 800 °C. 
See examples a, b, c and d.

a) 
b) 

c) 
d) 



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

QUESTIONS?
             ANSWERS !Critical insulation thickness 

for surface mounted sensors?  

QUESTION: There is a critical insulation 
thickness for tubes at which the heat flow to 
the surroundings will become greater than 
that coming from an uninsulated tube. Is this 
anything I need to think about when I install and 
insulate temperature sensors that are attached 
to the outside of the tube? In my case the steel 
tubes have an outer diameter of 40 mm?
           Ingrid A-N
ANSWER:  Surface mounted sensors should 
always be insulated to reduce the heat flow 
accross the sensor and thereby the measure-
ment error. However, if the sensor is mounted 
on a tube that has a small outer diameter, the 
insulation can sometimes actually increase the 
heat flow from the tube to the surroundings 
and thereby the measurement error. In contrast 
if the sensor is mounted on a flat surface, the 
insulation will always reduce both the heat flow 
and measurement error. 
 The heat flow from the tube to its surroundings 
occurs via thermal conduction through the 
insulation and then convection and radiation 
from the outer surface of the insulating material. 
An increase in the thickness of the insulation 
reduces the heat flow via thermal conduction but 
simultaneously increases the radius and thereby 

the heat-transmitting surface on the outside of 
the tube. This in turn leads to an increase in the 
heat flow from the surface via convection and 
radiation. In certain conditions, this increase 
becomes greater than the decrease, and the 
insulation thereby does more harm than good. 

Wet insulation crucial
If the tube with a 40 mm diameter is insulated 
with mineral wool, the critical diameter for na-
tural convection is 10 mm, that is, less than the 
tube’s diameter. In this case, you do not need to 
worry about any critical insulation thickness – all 
insulation is beneficial. However, you need to be 
careful if the insulation gets wet for any reason. 
The critical diameter for wet insulation can be 
greater than the diameter of the tube, which 
means that the insulation increases the heat 
flow from the tube compared with that coming 
from an uninsulated tube. In addition to greater 
heat loss, the result is also greater measurement 
error when using surface mounted sensors. Wet 
insulation also increases the effect of corrosion on 
both the sensor and tube, and the measurement 
error can increase even further.

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

Heat flow as a function 
of radius, Q (R), for a 
Ø 40 mm tube with wet 
insulation.

.

STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

System calibration gives far higher 
precision 

“By system calibrating temperature sensors plus 
good-quality instruments, you can improve your 
measurement precision by at least five times,” 
says Lars Grönlund, manager of Pentronic’s 
accredited calibration laboratory.
 The reason for this greatly improved precision 
is found in how the standards for temperature 
sensors operate.
 During their manufacturing process, Pt100 
detectors and thermocouple wires are selected 
into various precision classes. The standards 
permit a certain amount of variation between 
individual sensors. The class specifications 
make no mention of the properties of an indivi-
dual sensor, but only state that the sensor must 
stay within the permitted tolerances.
 “Pt100 in accordance with IEC60751, class 
A” is a common sensor specification when more 
precise measurements are required. At 0 °C the 
standard requires maximum tolerance less than 
±0.15 °C. The more the temperature deviates 
from 0, the more this tolerance value increases: 
at 150 °C it becomes  ±0.45 °C.
 “At 400 °C the standard states that sensors 
can vary by as much as ± 0.95°C,” Lars Grön-
lund explains.
 In addition to this comes the error contribu-
tion from the instrument. The final measurement 

uncertainty is over 1 °C. This is 
too much when a company has 
to save energy and have more 
efficient processes.
 The properties of an individual sensor plus its 
associated measurement chain are established 
during the calibration process. If the calibrations 
are done separately, the error contributions are 
added together. In contrast, system calibration 
establishes the properties of the entire system, 
and thereby further reduces total measurement 
uncertainty.
 “In Pentronic’s  laboratory we can system 
calibrate the Pt100 sensor and good-quality in-
struments with a measurement uncertainty down 
to ±0.02 °C at 400°C,” Lars says.
 This example shows that a fivefold improvement 
is a conservative estimate of the effects of system 
calibration. 
 In addition to the total measurement uncertainty 
that is established during calibration in a laboratory, 
various error contributions also occur at the site 
where the sensor is installed. These can also be 
reduced by calibrating within the actual production 
process. For certain critical processes, the US 
Food and Drug Administration (FDA) is beginning 
to require that an external party inspects and 
calibrates measurement equipment in situ.

Pentronic has developed an extra-sturdy 
temperature sensor for taking readings inside 
foodstuffs, for example to monitor the freezing 
process. The sensor must be sturdy because 
the probe tip must be inserted and removed 
from dense materials such as various types 
of meat. The sensor can also measure air 
and water temperatures. The maximum tem-
perature for the sensor as a whole is 200 °C. 
 The sensor is a type K thermocouple with 
a miniature male connector mounted on the 
silicon-insulated cable. The probe tip consists 
of a ∅3 mm stainless steel tube equipped 
with a cannula tip.

Rigid insert  
probes for food 
products 

Pentronic article number 
11-00230
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Temperature sensors
Connectors and cables
Temperature transmitters
IR-pyrometers
Temperature indicators
Temperature controllers
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The effect of poor insulation on temperature sensors

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

See www.pentronic.se > Pentronic News > Archive
[Ref 1] Pentronic News 2009-1 p. 4
[Ref 2] Pentronic News 2011-2 p. 4

Figure 1. Acceptance tests at Pentronic also include 
testing the insulation as specified in this table. Note that 
Pentronic’s requirements are more stringent than those 
in accordance with IEC 60751: 2008 for Pt100 sensors.

Pentronic’s final inspection certificate 
states that the insulation between the 
circuits and the sheathing of a temperature 
sensor is greater than a specified number 
of Mohm at a specified test voltage. The 
significance of this measurement may not 
be immediately apparent. In this article 
we explain what consequences can result 
from low insulation values..

Pentronic tests the insulation resistance of 
thermocouples that are designed to contain 
insulation between the sensor’s circuits 
and its metal protective tube. The company 
also tests sheathed Pt100 sensors. The test 
voltages, the diameters of the protective 
tubes, and the insulation requirements are 
listed in Figure 1.

Insulation material
Thermocouples and Pt100s with flexible 
sensor probes use metal sheathed cable 
with highly compacted magnesium oxide 
(MgO) as insulation material. This oxide has 
excellent properties with regard to retaining 
the geometrical uniformity of the cable 
when drawing it into thinner dimensions 
and bending it to create special angles. The 
magnesium oxide’s resistivity is also very high 
at room temperature but declines drastically 
as temperature increases (see Figure 2 and 
[Ref  1]). Magnesium oxide easily absorbs 
atmospheric humidity if it is exposed during 
the manufacturing process or due to damage 
to the metal sheathing. In both these cases, 
the material’s isolating ability is then drama-
tically reduced.

 Other insulation materials used when 
sensors are encapsulated in steel tubes 
can be thermocouple wires or Pt100 leads 
featuring insulation made from all kinds of 
soft materials ranging from PVC to ceramic 
fibres. For high temperatures, and especially 
for noble metal thermocouples, tubes with 
two or more bores inside protective tubes 
made of very pure aluminium oxide (Al2O3) 
must be used so as not to contaminate the 
noble metals. It is essential to keep in mind 
that the component with the lowest tempe-
rature resistance is the one that limits how 
and where the sensor can be used.

Crucial in autoclaves
Figure 3 shows a theoretical model of the 
resulting extra pathway RM that insufficient 
insulation can open up for the current (I). 
Poor insulation may have the biggest con-

sequences in thermocouple circuits because 
the conductor resistances are up to 40 times 
larger than, for instance, for silver wire, 
which is often used in Pt100s. Large series 
resistance causes voltage drops, because 
the current starts to flow via a zone of low 
insulation resistance. Figure 4 shows the size 
of measurement errors that are created when 
Pt100 sensors are shunted by different sized 
zones of insulation resistance. In difficult en-
vironments such as steam autoclaves, which 
require very consistent temperatures, even 
small measurement errors can have major 
consequences. 

Virtual measuring junction
The measuring junction in a thermocouple 
consists of the last short circuit between the 
wires prior to the measuring instrumentation. 
Normally, the measuring junction is located in 
the probe tip (see Figure 3). If a short circuit, i.e. 
0 ohm, were to occur between the measuring 
junction and the measuring instrumentation, 
the short circuit would become the ruling mea-
suring junction. If there were a temperature 
difference between the measuring junction 
at the probe tip and the one at the short 
circuit, the thermoelectric voltages would 
create a circulating current undetectable by 
the measuring instrumentation. 

Tunnel furnaces 
This phenomenon can also be very noti-
ceable with long thermocouples used to 
measure along tunnel furnaces featuring a 
high-temperature zone that worsens the effect 
of the insulation in the middle of a measuring 
distance. If the real measuring junction is lo-
cated within a lower temperature zone on the 
other side of the hot zone, it can, due to series 
resistance and poor insulation in the thermo-
couple, cause the readings to indicate a far 
higher temperature than the real one. This is 
because the negative thermoelectric voltage 
from the probe is shunted away in hot zones 
that cause poor insulation while the positive 
voltage from the measuring instrumentation 
to the hot zone retains its size. Consequently, 
the net voltage that produces the measuring 
junction’s temperature becomes too high. 
See further [Ref 2].

Figure 1

Figure 2

Figur 3

Figure 2. Resistivity 
(ohm•m) in compacted 
MgO falls drastically from 
a level of 1012 at 0 °C to 
106 at 1200 °C. This is 
a drop of 1,000,000 times.

Figure 3. A metal sheathed thermocouple (S) with MgO 
insulation. At M, dampness is entering or there is a 
high temperature, which worsens the insulation in the 
immediate area. This then creates a new pathway for 
the electric current (I) via the resistance RM, which 
is created by the parallel coupling of the resistances 
between the wires (A and B) and then to the sheathing 
(S) respectively. If RM is small enough, the signal from 
the probe will be reduced due to the series resistance 
Rlead. If RM is extremely small, it will function as a 
virtual measuring junction and indicate the temperature 
at its location.

Figure 3

Figure 4

Figure 4. In the same way as in Figure 3, the resulting 
insulation resistance of the Pt100 sensor can be 
symbolized with RM, which shunts the sensor signal. 
This diagram shows how measurement error in Pt100 
sensors (ΔT) varies with insulation resistance. (RM).


