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How hot can it get with an electrode 
in the brain? 

tures don’t affect the functionality,” explains 
Nina Sundström, project manager of the beta 
version of the machine’s software. 

Technology from the gaming 
world 
Temperature plays a similar role with new 
equipment for medical motion analysis. A 
typical case is whiplash injuries, where the 
patient’s pattern of movement forms part 
of the diagnosis. Currently such analysis 
requires special premises and expensive 
dedicated equipment.

Thanks to the development of smart 
phones and gaming consoles, highly precise 
accelerometers and gyros are now available 
at a low cost. These machines can be used to 
measure the patient’s movement patterns at 
home. The medical technology R&D depart-
ment in Umeå is now developing small units 
that the patient can wear on a daily basis.

“The equipment has to work in the winter 
cold and also in the middle of summer,” 
Markus says, and jokes that this might even 
involve the patient sitting in a sauna.

There is only one way to find out how the 
units function at various temperatures and 
that is to take measurements.

Heat from MRI machines
The third example of temperature’s indirect 
importance is the electrical stimulation of 

The indirect effects of temperature are 
becoming an increasingly important focus 
of attention at one of Sweden’s larger 
medical technology R&D departments, 
which is based at the Norrland University 
Hospital in Umeå.
“We have to know how temperature affects 
other parameters,” says Markus Lindkvist 
of the department. 

The department has 26 employees, whose 
work ranges from small consulting assign-
ments to the development of equipment for 
new medical treatments. Markus gives one 
example of a consulting assignment:

“Ambulances have electric blankets for 
the patients. We were asked how to measure 
the temperature correctly in order to find out 
whether the blankets are doing any good.”

At the other end of the scale is the company 
Likvor AB, a spin-off from a development 
project which began back in the 1960s. 
The result is a machine that measures the 
dynamics of the cerebrospinal fluid system.

The machine measures and manipula-
tes the fluid’s pressure and flow inside the 
spinal column. Temperature is not a critical 
parameter for the actual treatment but it has 
been very important during the machine’s 
development process.  

“We must ensure that fluctuating tempera-

the brain, or “deep brain stimulation”. Some 
neurological illnesses cause the patient to 
shake and tremble. These tremors can be 
reduced by operating an electrode into the 
brain and then connecting the electrode to 
a control unit. To put it simply, the unit is a 
pacemaker for the brain.

The treatment has one potential risk. If 
the patient undergoes an MRI scan, the elec-
trode may become hot due to the machine’s 
magnetic field. This heat can cause tissue 
damage in the brain.

The Umeå R&D department was asked to 
study what would happen in this scenario. 
The department constructed a torso with a 
head made of a gel to simulate the human 
body. The electrode was placed inside the 
“head” and the “patient” underwent an MRI. 
During the scan the electrode’s temperature 
was measured using fibre-optic temperature 
sensors from Luxtron and Pentronic.

“Fibre-optic sensors neither disrupt nor 
are disrupted by magnetic fields,” explains 
Markus.

The conclusion was that the temperature 
increase in the brain tissue surrounding the 
electrode is marginal.

Traceability for DNA 
In other development projects, temperature 
has a more direct importance, for instance 
in an ongoing project for the traceable ca-
libration of equipment for duplicating DNA 
chains. Previously this duplication was done 
using various enzymes. Today it is done by 
cycling the temperature in a specific pat-
tern from room temperature up to 95 °C. 
This is a typical example of the importance 
of calibration. What is important is the real 
temperature, not what the measurement 
equipment is displaying.

The R&D department has developed a 
calibration system consisting of a holder 
containing a number of springloaded thermo-
couples. The thermocouples are used to 
monitor the temperature in the duplication 
equipment, specifically inside the wells into 
which the test tubes containing the DNA 
are placed.

“Pt100 detectors weren’t fast enough,” 
Markus says. “We contacted Pentronic and 
were advised to use thin thermocouples to 
reduce the response time and not put more 
of a thermal load on the measurement object 
than necessary.”

It is not only within medical technology that 
temperature’s direct and indirect importance 
is increasing. The same holds true for many 
other fields as well.

“It was important to ascertain that changes in the ambient temperature did not affect the 
functionality,” explain Nina Sundström and Markus Lindkvist, shown here with the analysis 
machine they have helped to develop, which measures the dynamics of the cerebrospinal 
fluid system.”



Better measurement with field calibration 

Increasingly stringent requirements for 
temperature measurement are making it 
more worthwhile to relocate the calibra-
tion process from the laboratory out to the 
production site.

“The latest instruments for field calibration 
are getting close to laboratory performance 
level,” comments Pentronic’s Per Bäckström.

Field calibration will never be able to 
compete with laboratories with regard to the 
lowest measurement uncertainty. A laboratory 
is a protected environment with a stable 
temperature and is shielded from all types 
of disturbances.

However, on-site calibration has other 
advantages. 

First, the tests are performed where the 
measurement equipment is actually being 
used. This makes it possible to take into 
account the influences coming from the in-
stallation and surroundings. It is also easier 
to fine-tune the measurement equipment 
for optimal functioning within the specific 
process involved.

Second, field calibration reduces produc-
tion disruptions and standstills compared with 
sending the sensors to the producer’s own 
laboratory or to an external one.

Third, when working on site it is possible to 
measure the entire process. One example 
is the thermal mapping of furnaces. Instal-
led temperature sensors only measure the 
temperature at their own location, but what 
is the temperature distribution like in the rest 
of the furnace? 

“This is one of the reasons why Pentronic’s 
laboratory is doing more and more on-site 
calibrations at the customers’ premises,” 
Per Bäckström says.

The laboratory’s accreditation also en-
compasses field calibrations, which means 
that traceability can be assured with a cali-
bration certificate.

Nowadays there are high-performance 
hand-held instruments that can measure and 
log two temperature sensors while simulta-
neously being able to control a calibration 
furnace or calibration bath. 

The technology exists to move the ca-
libration laboratory out to the production 
process, with the possibility of achieving 
higher measurement performance in prac-
tice. In turn, this can save energy and costs, 
reduce the number of rejects, and increase 
product quality. Per Bäckström shows an example of a 

hand-held calibration instrument that con-
trols a calibration furnace.

Customers drive continuous improvements

Pentronic is constantly working to improve 
its products, services and processes for 
one single purpose: to meet customer 
expectations and deliver flawless products 
on time. “Quality improvement efforts 
characterise every facet of our operation,” 
explains Technical Manager Lars Björkvik.

The foundation for this work is Pentronic’s 
quality management system combined with 
highly skilled and committed employees.

“We make the system an everyday reality 
with such measures as clearly visible instruc-
tions and production time studies,” Lars says.

But it is customers who are the most im-
portant drivers of Pentronic’s improvement. 
Temperature sensors and instrumentation 
form part of a larger context. For instance, 
they might be components of a machine, a 
ship or a nuclear power station.

Tough criteria 
Whatever the exact situation, a single tem-
perature sensor that arrives late or faulty can 
cause major problems. Pentronic’s goal is to 
help ensure that the customer has a fault-free 
production process. 

As a result, Pentronic has tough criteria 
when measuring its delivery reliability. Other 
suppliers measure by the week and per order. 
Pentronic measures on a daily basis for each 

individual order row based on the first order 
acknowledgement.

“Last year our delivery reliability was 98 
percent. So far this year we have 98.8 per-
cent,” comments Quality and Environment 
Systems Manager Kristina Wiberg-Kindahl.

Pentronic also goes farther than other 
companies in ensuring the quality of its 
products. First the input materials are in-
spected, then more inspections occur during 
the production process, and finally factory 
acceptance testing is done in a dedicated 
laboratory that is traceable to Pentronic’s 
accredited calibration laboratory.

Continuous improvements 
The result is a constant reduction in both 
the internal rejections from the factory ac-
ceptance tests and external claims from 
customers. 

Despite such good results, Lars wants 
even tougher goals.
“We can and will improve more,” he says.

Pentronic’s non-stop improvement pro-
gramme includes the analysis of design spe-
cifications, meticulous preparation, methods 
development, working routine descriptions, 
and, not least, continual feedback from em-
ployees and customers.

“We can become even better,” says Lars Björkvik (left), seen here analysing design specifi-
cations with Production Manager Matts Pettersson.



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 !Large measurement errors with hand-

held surface temperature sensors 
QUESTION: We have to measure the surface 
temperature of a workpiece during part of the 
machining process and we use a hand-held 
sensor to do this. During the brief time we are 
taking the readings it sometimes seems as if 
the temperature varies over time even though 
the values should remain fairly constant. Is 
there any explanation for this?

Johan H

ANSWER:  Measuring surface temperature is 
always complicated and the difficulty increases 
if you have to use hand-held sensors. Let us 
assume that the undisturbed temperature of 
the workpiece is TA. In theory, when the sensor 
comes into physical contact with the workpiece, 
the temperature of the point of contact changes 
according to Curve B in the diagram. This tempe-
rature change normally occurs very rapidly. Heat 
is transported from the workpiece to the sensor 
by thermal conduction and from the sensor to 
the surroundings by convection and radiation. 
Within the workpiece and the sensor the heat is 
transported by thermal conduction.

The temperature reduction of the work-
piece’s surface is caused by the thermal load 
resulting from the sensor. The change is due to 
the geometry and thermal properties of both 
the workpiece and the sensor. Curves C and 

D in the diagram show the temperature at 
the corresponding points in the sensor. Ac-
cordingly, which temperature is measured by 
the sensor depends on where the temperature 
resistor is located inside the sensor body and 
what the physical contact is like between the 
sensor and the measurement object. The 
measurement error resulting from Pos 2 is 
greater than that from Pos 1.

In some cases there is a contact resis-
tance, for example an oxide layer, between 
the sensor and the workpiece. The contact 
resistance influences the heat flow to the 
sensor and thereby the surface temperature 
reading. The contact resistance depends 
on such factors as how you hold the sensor 
and the pressure between the sensor and the 
workpiece. If the pressure and point of contact 
vary then the temperature will also vary. The 
reason for the temperature variations you 
mention can therefore depend on both the 
measurement method used and the person 
taking the readings.

If it were possible to mount a fixed sensor 
on the measurement object then this would 
considerably reduce the measurement er-
ror. In this particular case it is presumably 
not possible to mount a fixed sensor on the 
workpiece. To avoid the thermal load which 

Pentronic’s accredited calibration labo-
ratory is being commissioned to perform 
increasingly extensive on-site work at 
customers’ premises. 

Previously the field work mostly involved 
calibrating temperature sensors with 
their associated wiring and measurement 
instrumentation. Nowadays the task is 
increasingly focused on verifying processes 
against various standards. 

“One example is to determine the tem-
perature distribution inside furnaces,” ex-
plains laboratory manager Lars Grönlund. 

Field calibration normally aims to ensure 
that temperature measurement occurs 
within certain tolerances. To put it simply, 
the aim is that the instrument should display 
the correct temperature. The next step is 
to use the results to control the process.

A temperature sensor only takes 
readings at the point where it is located. 
This leads to the next question: How hot or 

The Pentronic 7905100 is a surface sensor 
designed to measure high surface tempera-
tures up to approximately 400 °C. This model 
has therefore been equipped with a steel-
sheathed cable between the measurement 
body and the transition fitting to the extension 
cable. This makes it possible to position the 
transition fitting and the extension cable well 
away from the hot surface. The respective 
lengths of the steel-sheathed cable and 
extension cable can vary widely as needed.

 The measurement body is made of brass 
and has a diameter of 10 mm and a length of 
35 mm. It is face milled but can be given a 
radius for measuring bent surfaces.  

 The sensor contains a robust Pt100 film 
detector with tolerances in accordance with 
IEC 60751:2008 class A up to 300 °C 
and class B up to 400 °C.

Pt100 sensor for  
high surface tempe-
ratures 

STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

More and more field work

cold is it farther away 
from the measuring 
position?

“Every industry 
has its own stan-
dards that must be 
met,” Lars says.  
“This means we have to read up on the 
relevant current standards before every 
job.”

This work is more extensive and time 
consuming than doing a calibration but is 
also more valuable to the customer. The 
laboratory is accredited to do measure-
ments in the field and can officially certify 
in writing that the requirements of the 
standards have been met and, even more 
importantly, that the process conditions 
are the right ones to achieve the desired 
end result and high quality.

Pentronic model 7905100
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[Ref 1] ]  PentronicNytt 2010-5 page 4 

Figure 1. 
The temperature as 
a function of time at 
the different positions 
shown in Figure 2. 
Note that initially the  
sensor’s point of con-
tact (B) very briefly 
adopts the surface 
temperature TA.

Figure 2. 
Pos 1. The correct 
perpendicular applica-
tion of the surface 
temperature sensor.
Pos 2. Other angles 
than the perpendicular 
cause the sensor’s 
point of contact (B)
to briefly adopt the 
surface temperature TA. 
The measuring junction 
(C) remains colder 
than (B).

always results from a sensor, it is possible to 
use a contact-less measurement method by 
using an IR pyrometer, for instance. Unfortu-
nately this method is not problem free either. 
The emission coefficient on the surface of the 
workpiece can vary and thereby so can the 
temperature that is measured. Another pro-
blem is the existence of undesirable radiation 
from nearby objects and light sources. [Ref 1]
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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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Four-wire Pt100 sensors are always more accurate than two-
wire Pt1000 sensors

In traditional industrial processes Pt100 
detectors are a well-known concept per-
ceived to represent accurate temperature 
measurement. In recent years Pt1000 
resistors have become increasingly com-
mon in quasi-industrial fields, often as 
replacements for thermistors.

The sensitivity of a platinum resistor is 
measured in ohms per degree (see Figure 
1). Theoretically, the signal from a Pt1000 
resistor is ten times greater than that from a 
Pt100 given the equivalent test current, but 
the available supply voltage, for instance, 
can limit the test current and thereby the 
sensitivity.

Tolerances
IEC 60751:2008 standardises platinum 
resistors according to the resistor’s type: 
wire wound or thin film patterned. Another 
distinction is made between stand-alone 
resistors and resistors built into protective 
tubes. Error sources arise during the produc-
tion of temperature sensors. For technical 
and financial reasons Pt1000 resistors are 
only used in industrial contexts as thin-film 
resistors.

Measured in degrees Celsius, the tole-
rances for the Pt100 and the Pt1000 are the 
same. However, in terms of resistance, the 
Pt1000 values are ten times greater. Figure 2 
shows that according to the standard, Class 
A film resistors cannot normally be used at 
temperatures greater than 300 °C. Otherwise 

the sensor will deviate outside tolerance 
class A. [Ref 1] However, special versions 
are available for which the manufacturer 
and customer may have agreed on different 
properties.

Self heating
In practice, the self heating in the Pt100 
and Pt1000 is about the same. The greater 
resistance in the Pt1000 is often countered by 
the fact that the test current can be reduced 
somewhat and this reduction has a quadratic 
effect. Unfortunately, the film resistor’s small 
size means that the heat transfer to the sur-
roundings is worsened compared with that 
of wire-wound resistors, which tend to heat 
up far less. On small surfaces, the Pt1000 
resistance must increase the length/area ratio 
on the platinum pattern, which thereby risks 
heating up even more.

Four-conductor connection most 
reliable 
Four-conductor technology is the most 
reliable way to measure resistance (see 
Figure 3a). Normally two wires are used for 
the constant current source and two more 
for the voltmeter loop. The voltmeter circuit 
itself is now at least 10 megohms and with 
sensor wires of a few ohms the voltage di-
vision is so small that its effect is not visible 
on instruments with a 0.01 °C resolution. 
Three-conductor technology works well in 
theory but in unsuitable environments it can 
lead to large contact resistances, which cause 
measurement error because in practice the 

technology requires equal resistance in all 
three conductors. [Ref 2]

Consider a two-conductor system with a 
fixed area and length as in Figure 3b. Theo-
retically, with a Pt100 we would get a 4 °C 
measurement error, with a Pt1000 we would 
get a 0.4 °C error and with a thermistor of 10 
kilohms we would get an approximate error of 
0.04 °C because the thermistor’s sensitivity is 
about ten times greater than that of a Pt1000. 
Here we can see a dubious reason why 
Pt1000s are used. The measurement error in 
the two-conductor system, which saves on 
cabling, could be reduced by a factor of ten 
compared with the industry-standard Pt100. 
In practice, the two-conductor system’s 
resistance is extremely sensitive to changes 
of length and area in the conductors as well 
as to time and environment at the connection 
points. As a result, the two-conductor system 
is actually extremely unreliable. We can avoid 
such problems by using a four-conductor 
connection (see 3a). 

Save on cabling/installation
An alternative way to save on both the amount 
of cable used and the work to install it is to 
use Pentronic’s digital miniature transmitters, 
which are integrated with the detector and are 
available in both analog and digital versions. 
Another benefit of doing this is additional ac-
curacy, down to ±0.05 °C including an appro- 
priately designed detector installation. Pen-
tronic’s transmitter system is currently used  
mainly by machinery manufacturers.     

Figure 1 
Figure 1. Typical data for the Pt100 and 
Pt1000 respectively.

Figure 2 

Figure 2. The dotted lines apply to sensors with 
film resistors in accordance with IEC 60751:2008. 
The solid lines show the extended measurement 
ranges of wire-wound resistors.

Figure 3a 

Figure 3b 
Figure 3a. A four-conductor connection is by  
far the best for sensors with platinum resistors.  
R1 to R4 are typically 1 ohm each whilst R(DVM) 
is at least 10 megohms. The generator maintains 
the constant current I0 through the platinum 
resistor. Only a tiny amount of current takes the 
path through DVM and the voltage drop across 
R2+R3 is minimal. That is why the small error 
may only be visible when DVM shows readings 
equivalent to thousandths of a degree.

Figure 3b. A two-conductor connection is risky 
when measuring resistance. The measuring current must be reconnected (see the 
arrows) and will pass through the R2+R3 line resistances in addition to the platinum 
resistance. The reading will be the sum of the three resistances.


