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Temperature is crucial when Frödinge 
bakes cakes for the global market

“The correct temperature is vitally important throughout the entire production chain,” says 
Gunnar Jägerhorn, standing by Frödinge’s cake assembly line – here featuring Christmas 
gingerbread.

and construct the machinery themselves. 
The company has continued this approach 
ever since, adding more and more products. 
In addition to the popular curd cakes, the 
current product range includes frozen pies, 
brownies, and cream cakes. 
“Coming here for the first time was like ente-
ring Santa’s Christmas workshop,” manager 
Gunnar Jägerhorn says.

Still a dairy
The cake production line certainly gives that 
impression. Up to 45 different operations are 
done completely automatically. The machi-
nery stacks the cake bases, squirts on jam, 
cream, and vanilla sauce, and then lays a thin 
marzipan coating on top with decorative de-
tailing. The whole operation resembles a car 
factory but Frödinge is still a dairy. Everything 
is produced from the basic ingredients. Each 
year the company uses 11 million litres of milk 
from nearby farms. 
 The milk is treated in the same way as it is 
at ordinary dairies. The first crucial step is to 
pasteurise and then cool the milk. During this 
process, the temperature is continually mea-
sured with Pt100 detectors, calibrated on a 

When you’re eating cream cakes, pies, 
brownies or curd cakes made by the Swe-
dish dairy and bakery Frödinge, you are 
actually tasting the result of an unusually 
complex series of meticulous temperature 
measurements. 
“The temperature is crucially important 
all the way from the raw ingredients to 
the consumer,” explains factory manager 
Gunnar Jägerhorn.

The company began operating in 1929 as a 
dairy in the village of Frödinge outside the 
town of Vimmerby, Småland, and was one 
of Sweden’s countless rural dairies. Many of 
them went out of business during the 1950s 
but the manager of Frödinge dairy, Gösta 
Carlsson, refused to give up. Instead, he 
convinced the company’s board to invest in 
making curd cakes. This traditional Swedish 
dessert is made of curds, cream, sugar, eggs, 
almonds, and bitter almonds – and is baked 
until it sets and then served warm with whip-
ped cream and jam. 
 At that time, no production equipment 
existed for making curd cakes. Instead, 
Gösta and his colleagues had to develop 

regular basis. Temperature readings continue 
to be taken throughout the entire production 
process, which ends with a bacteriological 
check. Only after passing the final inspection 
are the products shipped to market.
“Even if we might do something wrong during 
the production process, defective food 
products cannot reach the customer. As far 
as I know, we’ve never had to do a product 
recall,” Gunnar says.

Critical control points
Thanks to the final inspection, taking tem-
perature measurements is not crucial for 
ensuring customer safety, but it is for the 
company’s reputation in today’s competitive 
marketplace. It is vital to produce the highest 
quality products, and to do it correctly. 
 Like the food industry as a whole, Frödinge 
operates in accordance with a system called 
HACCP (Hazard Analysis and Critical Con-
trol Points). This risk analysis method aims 
to identify critical points in the production 
process and then to reduce or eliminate their 
risks. Because it uses such basic ingredients, 
Frödinge has an unusually complex produc-
tion process. The milk is separated to produce 
cream, the cake bases are baked and even 
the vanilla sauce is made on site. 

Consumer demands
Its use of basic natural ingredients gives Frö-
dinge an advantage now that consumers are 
becoming more and more critical of artificial 
additives. However, this natural approach 
requires a higher level of measurement and 
inspection. Using powerful preservatives to 
compensate for faults is not an option.
 The monitoring process does not stop 
when the frozen products have left the dairy. 
Frödinge has a global customer base, and the 
unbroken chain of freezers only ends when 
the consumer actually pops the first piece of 
cake into his or her mouth. 
 Frödinge exports its products itself to the 
Nordic countries, Germany and the UK, and 
via distributors to the rest of the world. The 
company’s products differ in various markets, 
and include a “princess” cream cake covered 
in green marzipan. So if you happen to be 
enjoying such a cake in a restaurant in Tokyo, 
the cake could have been made in Frödinge 
from milk from Swedish cows. Thanks to 
countless temperature measurements taken 
on its long journey halfway around the world, 
the cake tastes just as good as it does in 
Frödinge’s own café.



Pentronic inaugurates its improved produc-
tion stream 

factory is located in Verkebäck south of Väs-
tervik. The second, now expanded, factory is 
in the town of Västervik. The investment gives 
each unit a clearer profile. Verkebäck is home 
to the management, the R&D department, 
the accredited calibration laboratory, and 
a production unit for manufacturing short 
series and special orders. The Västervik 
factory houses the machining department 
and the production of long series. It is this 
series production unit that has now gained 
much more capacity thanks to the expansion. 

Making temperature sensors is a skilled 
handcraft, so expanding production capacity 
also involves expanding the physical area in 
use. The space for assembling the sensors 

Pentronic’s expanded factory in Västervik 
was ceremoniously inaugurated in the 
beginning of October in the presence of 
local officials. Now in operation, the facility 
features more efficient manufacturing and 
greater capacity.

The actual ceremony was performed by 
Johnny Alvarsson, Group CEO of Pentronic’s 
owners, Indutrade. The group has some 140 
companies in 23 countries around the world.

“Pentronic is one of the group’s best 
companies and has great potential,” he said. 
“There has never been any reason to question 
this particular investment.”

Pentronic has two units. The original 

has now doubled. The assembly process has 
also been flow oriented in order to remove 
bottlenecks and create uniform methods, 
and thereby to further improve quality and 
reliability of supply. 

“This expansion is also a preparation 
for continued growth,” explains technical 
manager Lars Björkvik. “Pentronic is now 
well prepared for when the global economy 
picks up and our customers’ needs increase.”

The expansion also included major in-
vestments in equipment, including another 
laser welder, and in preparing the premises 
for yet more investment in the future.

Pentronic’s CEO Lars Persson received flowers from Municipal Commissioner Harald Hjalmarsson and Municipal Chief Executive Carl-Mag-
nus Mårheden at the inauguration of Pentronic’s expanded factory.

The expansion in Västervik doubled Pentronic’s floor space available for sensor assembly.“Pentronic is one of our best com-
panies and has great potential,” said 
Johnny Alvarsson, Group CEO of 
the listed company Indutrade



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

QUESTIONS?
             ANSWERS !Does the heat from 

my hand affect the 
wine in my glass?

QUESTION:   We continue with our traditional 
focus on food and drink at Christmas time, 
and have asked Professor Dan Loyd to explain  
the thermo-technical background to the fol-
lowing question: “We’re told that we should 
hold the foot of a wine glass to avoid heating 
up the wine inside. That’s hard to do – is it 
really necessary?”
           Per A

ANSWER:  Wine experts say that dry white wines 
should normally be served at a temperature of 
8–12 °C, whilst medium sweet and sweet wines 
should be served at 6–8 °C. When the wine is 
poured into the glass, at first the glass cools 
down and the wine heats up. When the surface 
temperature of the glass falls below the room 
temperature, which is often 20–22 °C, heat is 
transferred to the glass by natural convection 
and radiation. Within the glass material, heat 
transfer occurs by heat conduction. Heat trans-
fer between the inner surface of the glass and 
the wine occurs by natural convection. Heat is 
supplied from the room to the surface of the liquid 
by natural convection and radiation.     
 A small amount of this heat supply to the wine 
comes from the glass’s foot and stem, which in 
their turn are affected by the ambient air and the 
table. For an ordinary kind of wine glass contain-
ing 15 cl of wine, we can estimate this heat flow 
to be approximately 2% of the total heat flow to 
the wine. In such a glass, the temperature rises 
by 2–3 °C for a ten-minute period if the glass is 
not moved. The speed of this increase is greatest 
at the beginning of this period. For red wines 

(12–18 °C) there is a lower rate of increase. These 
figures are only an example – other conditions 
will give different results.
 When the stem of the glass is held, the 
temperature at the area of contact becomes 
approximately 30 °C and heat will now be 
transferred within the cylindrical stem by heat 
conduction. The majority of this extra heat flow 
will be transferred from the surface of the stem 
and foot to the colder surroundings by natural 
convection and radiation. A very small amount 
of heat from the holder’s fingers will reach the 
wine. Holding the foot of the glass will further 
reduce the heat supply to the wine. 
 The heat supply from the fingers is not con-
stant; instead, it only occurs when the holder 
picks up the glass to take a sip of the wine. Each 
time, the glass’s stem or foot is heated up for 
10–20 seconds. The rest of the time the wine is 
heated in the “normal” way. You can delay this 
normal heating process by chilling the glass 
before serving the wine. Lit candles on the table 
will increase the rate at which the temperature 

STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

Accreditation levels, not nationality, make the difference between 
calibration laboratories

One frequently asked question to Pen-
tronic’s accredited calibration laboratory is 
whether traceability to one of the world’s 
leading national metrology centres is worth 
more than traceability to any other. The 
answer is no.

“Our calibration certificates have the 
same weight as those from any other ac-
credited laboratory in the world,” confirms 
lab manager Lars Grönlund. 

In former times, calibration was ex-
ploited as a trade barrier. National laws 
and standards only recognised calibra-
tions and tests that were traceable to 
their own national metrology centres. This 
practice occurred despite the existence of 
long-term international collaboration and 
development via the International Bureau 
of Weights and Measures (BIPM). 

To ensure free trade, 47 countries have 
agreed to recognise each other’s calibrations. 
The agreement was reached in 1999 and the 
original signatories included Sweden, the UK, 
Germany, the US and China. The agreement 
is called the CIPM Mutual Recognition Ar-
rangement. More information is available at 
www. bipm.org/en/cipm-mra. 

The arrangement means that a calibration 
done by Pentronic, with traceability to the 
Swedish national metrology centre SP, has 
the same validity as an American calibration 
traceable to the American National Institute of 
Standards and Technology (NIST), a German 
calibration traceable to the German national 
metrology institute PTB, or a British calibration 
traceable to the UK’s national measurement 
institute NPL (National Physical Laboratory). 
What’s important is the traceability – not the 

nationality.
The differences that 

do exist between labo-
ratories thus depend – 
not on nationality – but 
rather on each individual 
laboratory’s accredita-
tion limits. Each such laboratory has 
specified measurement uncertainties for 
various measurement objects and tem-
perature ranges. The limits that govern 
Pentronic’s laboratory are published at 
www.pentronic.se. The same is done by 
most accredited calibration laboratories 
in the world.

“Compare our accreditation limits 
with those of other labs – that’s where 
you’ll find the difference,” Lars says.

increases. The difference between holding the 
cylindrical stem and the foot of the glass should 
normally be almost non-existent, but it looks so 
elegant if you do hold it by the foot. However, if 
you hold the bowl of the glass for a long time, 
this would increase the heat supply. 

The wine temperature varies 
Heat is supplied to the wine from the surface of 
the liquid and from the area of contact between 
the wine and the glass. This means that the wine 
will have some variations of temperature. When 
measuring the temperature of liquids, you should 
always be aware of the temperature differences 
that can occur in stationary or almost stationary 
liquids. One way to get around this problem is 
either to measure the temperature at several 
places within the liquid or to make the liquid 
move around if possible.

Merry Christmas 
Happy New Year
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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 ?

Opinions and questions are welcome at:
hans.wenegard@pentronic.se

“Extension leads” with thermocouples – good or bad?

Figure 1. Tolerances in °C for types K and N 
thermocouples in accordance with IEC 60584-2 
classes 1 and 2. 

Thermocouples measure the tempera-
ture difference between the measuring 
junction and the reference junction. What 
effect is there on the risk of errors if you 
use an “extension lead” up as far as the 
reference junction – given that the lead is 
designed to work with the specific type 
thermocouple involved? 

There are three correct terms for such an “ex-
tension lead”: thermocouple wire, extension 
cable, and compensation cable. A thermo-
couple wire meets its specified tolerances 
in accordance with IEC 60584-2 class 1 or 
2 up to at least the temperature limit of the 
insulation material. Whether they are in the 
form of a wire or a metal-sheathed cable, 
thermocouples are designated with a letter 
of the alphabet, e.g. “type K”. IEC standards 
are the widely used global standards, whilst 
ASTM standards are used in the USA. See 
Figure 1.
 Extension cables are also standardised 
according to IEC 60584-3 into tolerance 
classes 1 and 2. The material is designated 
with the additional letter X – e.g. KX. In the 
case of KX, the cable laying temperature 
range is limited to -25 to 200 °C. The mate-
rial is the same as that of the thermocouple 
but has only undergone the heat treatments 
required to meet the tolerances in the closer 
temperature range. 
 Compensation cables are designated with 
other letters, e.g. KCA or KCB, where the C 
indicates that the material is completely dif-
ferent than that of the thermocouple but has 

similar properties within the limited tempera-
ture ranges of A or B respectively, e.g. 0–150 
or 0–100 °C respectively. The compensation 
materials are only available in tolerance class 
2. See Figure 2. 
 Using compensation cables with base metal 
thermocouples should be avoided. The only 
economic justification for using compensation 
cables is with the noble metal types S and R. 
However, be careful to keep the junction (the 
terminal head) as close to room temperature 
as possible. 

The effect of tolerances
Because thermocouples and extension ca-
bles have tolerances, the Seebeck co-efficient 
of the measuring junction is mostly likely 
different than that at the reference junction. 
This is not a problem as long as both ends of 
the extension cable have equal temperatures. 
In this situation, it doesn’t even matter if you 
use class 1 or class 2. If the temperature at 
both ends of the extension cable is equal, the 
cable will generate no output voltage at all. In 
this situation only the thermocouple, which is 
usually mapped by calibration, will contribute 
to the input voltage of the instrumentation.
That is why, to take an example, thermocouple 
types J (IEC) and L (DIN), which at 200 °C 
differ by 3 degrees, can use the same type 
of extension cable. However, if you connect 
an extension cable to the thermocouple at a 
temperature of 200 °C and the instrumenta-
tion is at room temperature, the difference 
becomes obvious if you use, for example, an 
L sensor, a JX cable and an L input for display. 

Only the probe tip in the hot zone
Thermocouples and extension cables also 
exhibit differences in output signals. If you 
follow the basic rule of only allowing the 
sensor component of the measurement chain 
to be exposed to temperature differences, a 
few degrees of difference along the extension 
cable play an insignificant role. In Figure 3 and 
Case TC2, the maximum error contribution 
will be (100-20)/(200-20) = 0.44 of the de-
viation, which can be a maximum of 2 x 1.5 
°C for type K class 1 extended by KX class 
1, i.e. 1.3 °C. Under the same conditions, 
type K class 1 extended by KX class 2 gives 
1.8 °C and type K class 2 extended by KX 
class 2 gives a maximum error contribution 
of 2.2 °C. These results do not include the 
thermocouple connectors, but in their case 
only 5/180 (approx. 3%) of the deviation will 
have an effect, which can be disregarded in 
this context. 
 In many cases these error contributions 
can be acceptable. If you want to reduce 
the measurement uncertainty, you can either 
calibrate the entire measurement chain in situ 
under its specific operational conditions or 
concentrate the dependence of the readings 
only to the sensor’s probe tip. The latter sce-
nario is undoubtedly the simplest because you 
can then use separate sensor calibration. You 
should therefore avoid placing anything other 
than the probe tip in the hot zone.

Figure 2. Tolerances for extension and compensa-
tion cables in accordance with IEC 60584-3. The 
laying temperature refers to the thermocouple 
wires. Insulation materials can further limit the 
temperature. The list of estimated errors is a com-
plement to the standard.

Figure 3. TC1 is the most reliable installation to 
use. All the temperature differences exist along 
the temperature sensor, a sheathed thermo-
couple, which generates the signal E1(S1). The 
connectors and cable do not contribute any out-
put voltage because the temperature along them 
is constant. In contrast, the TC2 installation recei-
ves signal contributions from all the components 
of the measurement chain: E2(S1) + E2(S2) + 
E2(S3). Because normally only E(S1) is calibrated, 
the output signal is therefore unpredictable. 


