
tres,” explains R&D technician Michael Tholin, 
pointing to a diamond grinding wheel with an 
almost razor-sharp edge. “The drills are used 
to make holes in circuit boards.” 

Lowers costs
For the steel industry, SlipNaxos supplies 
wheels to grind away oxides and other con-
taminants from steel blanks before they are 
milled. These grinding wheels are basically 
custom made for the specific machine they 
will be used in.

“We don’t want to compete with cheap 
wheels – our aim is to develop the best wheels 
and methods that give our customers the 
lowest total costs,” explains R&D manager 
Mats Johansson.

Steel mills use grinding wheels with 
Bakelite as a binder, whereas the engineering 
industry uses wheels with either ceramic or 

How not to burn diamonds  

SlipNaxos is a name most people associate 
with sandpaper. But today the company is 
far more high-tech and develops tools for 
sophisticated grinding operations with the 
aid of temperature measurement.

Like Pentronic, SlipNaxos is located in Västervik. 
The company was founded in 1895 and since 
then has produced everything from sandpaper 
to industrial locomotives. Today it focuses on 
grinding tools for the steel and engineering 
industries.

For the latter, SlipNaxos develops tools 
and complete grinding systems. Two examples 
of applications are the grinding of crankshafts 
for car engines and extremely thin diamond 
grinding wheels for use in the manufacture of 
drill steels. 

“This tool is used to grind the spiral flute on 
drill steels with a diameter down to 0.3 millime-

“We’ve eliminated 90 per cent of the temperature variations and increased both the lifespan and 
 quality of our grinding wheels,” say Mats Johansson and Michael Tholin of SlipNaxos.
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Bakelite as a binder. The grinding substances 
can be aluminium oxide, silcon carbide or 
diamonds. 

SlipNaxos and its fellow subsidiaries in 
the Winterthur Group invest heavily in R&D. 
Temperature measurement is an increasingly 
important tool in the development, manufac-
ture and use of grinding wheels.

stresses
One example of temperature’s importance is 
the large ceramic grinding wheels. The wheels 
start off as something resembling a large sand 
pancake, which is then fired at a temperature 
of about 900 °C.

“The wheel only becomes stable after the 
temperature has fallen,” Mats explains. “It is 
crucial that the entire wheel, from the edge to 
the centre, passes through the hardening tem-
perature simultaneously. Otherwise stresses 
and strains are created that will shorten the 
wheel’s lifespan.”

SlipNaxos shares this problem with all ce-
ramics manufacturers and over the years there 
has been a lot of cross-industry consultation. 
After years of development work, SlipNaxos 
has found a method that works well.

Steel mills use high-temperature fans 
to create more even temperatures in their 
furnaces. SlipNaxos tested the same 
technology and with the aid of extensive 
temperature measurement has developed a 
well-functioning system. 

“We’ve eliminated 90 per cent of the 
temperature variations and haven’t broken 
a single wheel during final inspection for the 
past two years,” says Michael Tholin.

DIamoNDs caN burN    
The result is more than just higher quality. 
More precise temperature measurement in 
a better-controlled process also cuts energy 
consumption and thereby costs.

Temperature is also an increasingly 
important factor during the grinding process 
itself. SlipNaxos therefore helps to develop its 
customers’ grinding processes. Optimal op-
erating conditions at the correct temperature 
make the wheels last longer and produce a 
better grinding result. Mats Johansson illus-
trates this point with a graphic example:

“Diamonds are highly compressed car-
bon. A diamond grinding wheel will burn up 
if the temperature is too high.”



Pentronic prepares for an upturn
Pentronic has begun to expand one of its 
two production facilities. The goal is to cre-
ate the capacity to double production.

“In the longer term there will be a great 
increase in the need for measurement 
technology and we want to be prepared,” 
comments CEO Lars Persson.

tories, and specialised manufacturing.
“Now we need to expand the assembly 

department to be prepared for future volume 
increases,” Lars says.

In recent years Pentronic has invested 
large sums in the machining department. 
The department is expert at turning difficult-
to-machine alloys and it is possible to add 
another shift.

An equally important aspect of the capac-
ity increase is improved flows all the way from 
the design department to the final inspection. 
Recently Pentronic hired Lars Björkvik as 
technical manager to work with aspects of 
lean production. The new expansion is part 
of that work.

“Our goal is to grow with our customers 
and now we are equipping ourselves so we 
can keep pace when the economy turns 
around,” Lars explains.

The expansion should be completed by 
this September.

Pentronic can now offer improved meas-
urement performance with 3A-approved 
sensors, even those with built-in signal 
conversion and a link to the supervisory 
control system.

3A Sanitary Standards is the American regu-
latory framework for temperature sensors in 
environments with high hygiene requirements, 
for instance production facilities for food and 
pharmaceuticals. The European equivalent 
is EHEDG.

“The difference is that 3A has design 

3a certified with better 
performance 

requirements for things like radii and surface 
smoothness, whereas EHEDG is based on 
tests of an individual sensor’s properties, 
for instance with regard to bacteria growth,” 
explains Pentronic’s sales manager Roland 
Gullqvist.

The result is that 3A leaves less room for 
individual ideas about how to design and build 
the optimal sensor. Sensor manufacturers 
must stay within the regulatory framework, 
but within those limits Pentronic has improved 
performance, partly thanks to its own micro-
transmitter.

The facility being expanded is the one in the 
town of Västervik. It contains the machining 
department and the production of longer 
series of temperature sensors. The original 
production facility ten kilometres south of 
Västervik now houses the management group, 
sales, development and construction, labora-

Pentronic News has 
previously described 
the miniaturised trans-
mitter developed by 
Pentronic. It has very 
high performance and 
can be integrated in both Pt100 sensors and 
thermocouples.

The transmitter’s design simplifies the 
system calibration of the sensor and transmit-
ter and also the adjustment of the readings 
so that the host system receives the same 
signal levels from new sensors. At the same 
time, the 3A-critical parts of the design can 
be kept, which reduces hassle and costs for 
both Pentronic and its customers.

The Tri-Clamp sanitary fitting is one of 
the most widely used 3A-approved devices. 

Pentronic is 3A certified 
for Tri-Clamp and a 
number of other devic-
es. With the new possi-
bilities Pentronic offers, 
performance can be 
improved within the 
framework of existing 
production- and meas-
urement systems.

The Tri-Clamp and other types of protective fittings are 3A-approved devices whose performance can be improved by Pentronic.

Pentronic is expanding its production facilities again so it can grow with its customers. The photos show the production facility in Västervik.



If you have comments or questions, contact 
Professor Dan Loyd at the Institute of Techno-
logy at Linköping University: dan.loyd@liu.see

straIgHt from tHe Lab

why aren’t there icicles on every 
house in winter?
QUESTION: Along our road are a number of 
single homes of the same type. Their roofs are 
slightly sloped and the outer layer consists of 
bitumen membranes. At the end of February 
I noticed that some of the houses had icicles 
hanging down from their roof but other houses 
had no icicles at all. There was a lot of snow on 
every roof and the depth of this snow blanket 
varied quite a lot. Does this snow depth have 
any influence on whether icicles form?          
     Katarina K

ANSWER: Heat is transported from the attic 
space under the roof and then through the 
roof and snow blanket to the surroundings (see 
Figure 1). The temperature of the upper surface 
of the roof is one of the factors that determine 
whether icicles form. If this temperature is above 
zero then the snow will melt and water will run 
down the roof. However, if the temperature of 
the outdoor air is below zero, then this water 
will freeze at the base of the roof and icicles 
can form. The size of the heat flow through the 
roof depends on a number of factors, including 
the air temperature inside the house’s attic. 
This in turn is influenced by factors such as the 
thickness of the attic insulation, the design of 
the attic ventilation and the leakage of warm 
indoor air into the attic.

Heat is transported by means of convection 
and radiation to the underside of the roof and 
then by means of heat conduction through the 
roof to the outside of the roof surface. From 

there, the heat transport occurs by means of 
heat conduction through the snow up to the 
upper surface of the snow blanket and then 
out from the surface by means of convection 
and radiation.

The higher the temperature is under the 
roof, the warmer the outer surface of the roof 
and thereby the greater the risk that the snow 
will melt. The snow blanket on the roof func-
tions as a layer of insulation and reduces the 
heat flow (see Figure 2). If the thickness of the 
snow blanket increases, the heat flow is further 
reduced. However, the temperature of the upper 
surface of the roof will also increase, and this 
can make the snow melt. The heat conductiv-
ity of snow depends on such factors as the 
structure of the snowflakes or granules and 
the snow’s density. For example, at a density 
of 250 kg/m3 the heat conductivity is 0.1 – 0.2 
W/m K, which is about the same magnitude as 
the heat conductivity of wood.

sNow-coVereD seNsors
One reason why there are no icicles on some 
houses can therefore be that they have a colder 
attic. In turn, this can be because the attic has 
additional insulation. Another reason why there 
are no icicles can be that there is only a thin 
layer of snow on the roof. The variation in the 
depth of the snow blanket is caused by such 
factors as the local wind conditions during a 
snowfall. Probably it is a combination of both 
these reasons that determines whether icicles 

QuestIoNs?
             aNswers !

Pentronic’s laboratory 
is accredited since 1988

more calibration capacity 
Over the past winter Pentronic’s accredited 
laboratory has undergone a facelift.

“We’ve invested to improve our product 
and service flows,” explains lab manager Lars 
Grönlund. Demand for calibration services 
has increased strongly in recent years. Previ-

ously, customers have also requested better 
and better measurement uncertainty in order 
to improve their own performance.

“We can meet the market needs now and 
at the moment we see no reason to improve 
measurement uncertainty further,” Lars says.

The winter facelift therefore focused on 
improving flows and ex-
panding capacity. Many 
small-scale measures 
were implemented.  

“The result is that we 
have the capacity to do 
more calibration jobs,” 
Lars concludes.

Pentronic – at the heart of a tourist paradise
Where on earth is Pentronic? The answer is 
south of the town of Västervik on Sweden’s 
east coast, on the shore of one of the Baltic 
Sea’s many deep inlets. Visitors are amazed 
that an industrial facility can be located at 
the water’s edge in such a beautiful natural 
setting.
 
The explanation is that small industries have 
been located in the area for centuries. Today it 
would be unlikely that any new such facilities 
would be permitted for environmental reasons. 
On the other hand, Pentronic’s operations have 
a miniscule effect on the environment.

To most people, though, the region is best 
known as a tourist destination. The author of 
the Pippi Longstocking books, Astrid Lindgren, 

was born in the nearby town of Vimmerby, 40 
kilometres from Pentronic. Most of her books 

are set there and a major tourist attraction is 
the amusement park Astrid Lindgren’s World, 
which draws visitors from throughout northern 
Europe.

The big attraction in Västervik itself, 
though, is a magnificent marine archipelago, 
of which 5,000 islands are within the borders 
of Västervik municipality itself. The archipelago 
is only part of a far-reaching series of closely 
linked island groups that stretch along the Bal-
tic coast all the way north past Stockholm.

“We know that some of our foreign 
customers spend their holidays near here,” 
says Pentronic’s CEO Lars Persson, adding 
that they are welcome to stop by Pentronic 
for a visit.

“We’re open all summer. Just tell us in 
advance so we can set aside time to  welcome 
you.”

FIGURE 2

FIGURE 1

form or not. Temperature sensors that are set 
up outdoors can measure incorrectly if they are 
covered in snow. True, snow is not an efficient 
insulation material, but it still reduces the heat 
flow going past the sensor, which can therefore 
give incorrect readings.
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Temperature sensors
Connectors and cables
Temperature transmitters
IR-pyrometers
Temperature indicators
Temperature controllers

Dataloggers
Temperature calibration equipment
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Training courses in temperature
Moisture and thickness monitors
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calculating response time for different conditions? 
Data sheets often give a response time or 
time constant for conditions that are more 
or less clear. Is it possible to easily calculate 
new response times for changed conditions? 
In this article Professor Dan Loyd explains 
the theory. We will supply practical examples 
at a later date. 

To determine the new response time, in many 
cases it is necessary to take new measure-
ments. Using a number of simplifications we 
can sometimes approximately estimate the 
new response time based on the previous 
measurements. The sensor temperature is 
affected by factors like the flow around the 
sensor, the sensor’s physical design, and 
the mounting attaching it to the pipe wall; 
see Figure 1. The temperature inside the 
sensor varies according to both time and 
position. What we want to measure is the fluid 
temperature, Tfluid, but the system displays 
the temperature at the measuring point with 
some time lag.

If we (a) disregard the heat exchange with 
the mounting that attaches the thermocouple 
to the pipe wall and (b) assume that the tem-
perature inside the sensor, T °C, depends 
solely on the time (t) in seconds, we can regard 
the installation as a first order measurement 
system. The sensor’s temperature, T(t), is then 
governed by the differential equation 

dT/dt + (α A/ρ V cp) T = (αA/ρ V cp) Tfluid 

where α is the heat transfer coefficient in W/
m2 K, A the sensor’s heat transferring surface 
in m2, V the volume in m3, ρ the density in 
kg/m3 and cp the specific heat capacity in J/
kg K. The fluid’s temperature, Tfluid, normally 
varies with time. 

Our assumptions mean that we must use 
the mean value of the heat transfer coefficient 
and of the density and specific heat capacity 
of the sensor. Assumption (b) about the sensor 
temperature, T(t), requires that the temperature 
difference within the sensor must be small 
relative to the temperature difference between 
the fluid and the surface of the sensor, when a 
temperature change occurs in the fluid.

tIme coNstaNt aND resPoNse tIme 
Based on our assumptions, we can now 
calculate the measurement system’s time 
constant, τ = (ρ V cp)/(α A).With a step-wise 
temperature change, the time constant is the 
time it takes for a (first order) system to achieve 
63% of the temperature change, which cor-
responds to (1 – 1/e) of the change. 

For a given installation, the time constant 
depends on the value of the heat transfer 
coefficient. The lower the value of the coef-
ficient, the longer the time constant. An unused 
sensor on the warehouse shelf has no time 
constant; in contrast, an installed sensor with 
a specific heat transfer coefficient can have 
a time constant. 

Figure 2 presents the difference between 
a theoretical and a real measurement system. 
The difference is caused in part by assump-
tions (a) and (b) for the equation (1).

cHaNgeD coNDItIoNs 
In the time constant expression, the heat 
transfer coefficient is only affected when the 
flow in the pipe changes (see Figure 1). In its 
turn, the heat transfer coefficient depends on 
both the flow velocity and the fluid tempera-
ture. The effect of the pressure on the heat 
transfer coefficient is in most cases negligible 
for fluids. The temperature’s effect on the 
sensor’s density, specific heat capacity and 
geometry is also completely negligible. 

The thermocouple can be approximated 
to a very long cylinder through which a flow 
travels at a constant velocity normal to the 
cylinder. The literature gives a number of 
different expressions of the heat transfer 
coefficient for this case of flow. Depending 

Figure 1. Temperature measurement in a pipe 
using a type K thermocouple with an insulated 
measuring point. The response time has been 
measured at t50 = 0.51 s. After a rebuild, the 
conditions have changed: Flow 0.9 m3/h, water 
temperature 40 °C and pressure 0.2 MPa. Can 
we easily calculate the new response time?

Figure 2. The temperature T for a first order 
measurement system and Tresponse time for a real 
system with a step-wise change to the fluid 
temperature.

on which relationships we use, we will get 
various values for the coefficient.

The time constant of the original case of 
flow is assumed to be τ seconds. After the 
changes, the heat transfer coefficient falls 
from 7300 W/m2 K to 5600 W/m2 K and the 
time constant increases to τ 7300/5600. If 
we assume that the response time increases 
in the same way as the time constant, the 
new response time will be approximately 
0.7 seconds. 

However, this estimate is based on a large 
number of assumptions, and the resulting 
estimate must therefore be used with great 
care. Assumption (b) is in this case a large 
approximation. To be on the safe side, you 
should measure the response time after the 
changes.

cHaNgINg tHe fLuID 
If in this case we replaced the water with 
another fluid, such as air, we can use the 
same technique as that described above to 
estimate the new response time. As before, 
the conditions are that we must be able to 
regard both the original and the new measu-
rement equipment as first order measurement 
systems. This usually applies in most cases 
when changing from a fluid to a gas. 

The opposite situation – from gas to 
fluid – is more complex and requires a careful 
check that the new fluid-based system can 
be regarded as a first order measurement 
system.
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If you have comments or questions, contact 
Professor Dan Loyd at the Institute of Techno-
logy at Linköping University: dan.loyd@liu.see


