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A chain is only as strong  
as its weakest link

“We’re in the highest quality niche,” says Benny Ahlsén, site manager in charge of produc-
tion.

saying: A chain is only as strong as its wea-
kest link. The strength of a chain is primarily 
determined by three parameters: the quality of 
the raw material, the welding of the links, and 
the heat treatment applied. Temperature plays 
an important role in all three of these factors. 
The chains are just part of Gunnebo Lifting’s 
comprehensive range of lifting systems, which 
are comprised of numerous components in-
cluding lifting belts and steel cables. Chains 
are by far the company’s oldest product but 
Benny says they still have major advantages 
and a promising future:
“Chains are more flexible than the alternatives 
because it’s so easy to alter the length of the 
lifting legs,” he explains.
 Chains are also flexible in the literal sense 
of the word. A top-quality link can withstand 
being stretched at least 20 percent before it 
breaks. This fact, combined with Gunnebo’s 
rigorous testing procedure of up to four times 
the permitted load, ensures both a high safety 
level and long service life. 

Temperature increasingly im-
portant
The first step of the manufacturing process 
involves blasting wire rod and then drawing 
it until the rod has a perfectly round cross-
section, which is required for the welding 
process. The wire rod is then annealed so 

Precise temperature measurement is one 
factor helping Gunnebo Lifting to retain its 
leading position on the global market as 
a supplier of premium chains. .

Gunnebo is not just the postal address of Pen-
tronic. It is also the name of one of Sweden’s 
better-known companies, Gunnebo, which 
was founded in 1764. Today the name is 
shared by two companies: Gunnebo AB and 
Gunnebo Industries AB. The original business 
operations are called Gunnebo Industries 
and part of the production facilities are in 
Gunnebo, south of Västervik.
 The company makes about 3,500 tonnes of 
chains per year under the name of Gunnebo 
Lifting. Industries that use Gunnebo chains for 
heavy lifting include manufacturing, construc-
tion, fishing, mining, agriculture and offshore 
oil and gas. Production of the chains focuses 
on the highest quality categories, which have 
stringent safety demands and require rigorous 
inspection routines.
“Every link is test-loaded with 2.5 times its 
permitted workload limit,” Benny explains. 
“We also do a final inspection test using four 
times the workload limit on every length of 
chain we supply.”

Flexible future
Gunnebo’s tests confirm the truth of the old 

it can be worked. Chain manufacturers are 
increasingly buying pre-finished wire rod from 
suppliers in order to reduce their own through-
put time. In the next stage, the wire rod passes 
through a fully automated process in which it 
is cut, shaped into links, linked together into 
a chain and then welded together. The chain 
is then induction hardened and tempered to 
give the metal links elastic properties.
“Previously, chain manufacturers would har-
den their chains in pit furnaces for a number 
of hours,” Benny explains. “The long process 
time ensured that all the material reached 
the correct temperature and developed the 
right material properties. Nowadays, we 
harden our chains in a continuous process, 
so it’s important to measure the temperature 
of each individual link and quickly discover 
any deviations.”

Escaping fish 
Gunnebo has 17 complete production lines, 
on which it produces 12 different diameters 
of chain. The product range encompasses 
chains with a rod diameter ranging from 6 
to 32 millimetres. The company makes three 
main types of chain: lifting chains in quality 
categories 8 and 10, which are powder-coated 
or painted in yellow, blue or black depending 
on their category, and galvanised chains with 
large links for marine use.
“One place the galvanised chains are used 
is in off-shore fish farming to hold the fish 
cages in place,” Benny says. “In Norway, 
fish farmers have problems with low-quality 
chains that rust, allowing the fish to escape.”
 For marine uses, too, it is the temperature 
that determines a chain’s quality. By mea-
suring correctly and monitoring everything, 
Gunnebo Lifting is making sure that it keeps 
its position as a world-leading manufacturer 
of premium chains.

One of Gunnebo’s production lines for 
chains.



Last year laid the groundwork for growth 

2010 was a springboard to the future for 
Pentronic.
“We’re now well prepared for years of 
future growth,” says CEO Lars Persson.

After a difficult 2009, Swedish industry made 
a major comeback last year and the country’s 
GNP grew at a record pace. Pentronic grew 
even more, by about ten percent.
“Our customers have been and still are very 
successful,” Lars says.

The challenge for Pentronic was to in-
crease its production while simultaneously 
creating the basis for future expansion by 
extending its factory and flow orienting its 
manufacturing process.

“During 2010 we took the step from 
workshop-based production to industrial-
scale operations without impacting our high 
delivery reliability,” Lars says.

Higher performance, lower cost 
Pentronic was already well equipped in terms 
of machinery, so investment in that area was 
limited to three new laser welders and one 
injection moulder. Most of the main focus 
went instead to doubling the floor area of 
the assembly department at the Västervik 
factory. This enabled the assembly process 
to be flow oriented, creating the considerably 
higher capacity necessary for Pentronic to 
begin producing its next new product. 

The product is a miniaturised transmitter that 
will be a built-in component of temperature 
sensors. The transmitter is already available 
in an analog version but Pentronic is now 
launching the digital version together with a 
newly developed digital bus.

“We’ve designed the transmitter and bus 
specially for machine builders,” Lars says. 
“The advantages are simpler assembly, fewer 
error sources and greater accuracy.” 

Systems suppliers
This type of digitalisation is the same as that 
used in vehicles equipped with the CAN bus 
and similar devices. The advantages of digita-
lising the entire measurement system are the 
same as those already well known from the 
automotive industry: faster assembly times 
reduce costs and improve production quality. 
Greater accuracy improves performance, 
lowers operating costs and saves energy. 

Digitalising the transmitter also takes 
Pentronic from being a components supplier 
to being a supplier of complete measurement 
systems. The company has of course pro-
duced entire systems before in the form of 
imported products but this new system is one 
that Pentronic has developed itself based on 
customer input.

Helping customers
For a decade now Pentronic has been a 
subsidiary of Indutrade, which is listed on the 
OMX Nordic Exchange Stockholm. Pentronic 
was one of the first manufacturing companies 
within the Indutrade group.

“Having a strong owner is very helpful, 
especially when we introduce new products,” 
Lars explains.

Pentronic is continuing its R&D program-
me and will be launching more new products 
and systems to benefit both its customers 
and their competitiveness.

Correct measurement is the only 
way to prevent burn injuries 

Shortly before Christmas 2010, a one-year-
old boy was burned in a Swedish daycare 
centre when the staff were changing his 
diaper and washing him with hot water. He 
received second degree burns and was 
hospitalised for a week.

The accident shows how important it is not 
only to measure temperatures but also to do 
it as accurately as possible.

To the uninitiated it is incomprehensible 
that such an accident could happen. The 
daycare staff should have realised that the 
water was too hot. The explanation is partly 
that burn injuries have extremely small safety 
margins, and partly that children have thinner 
and more sensitive skin than adults.

According to the building regulations of 
the Swedish National Board of Building, Plan-
ning and Housing, which regulates building 
construction in Sweden, plumbed-in hot 
water must not be hotter than 60°C. That 
temperature is actually too hot for humans 
but it is necessary to help prevent the growth 
of Legionella bacteria in the water pipes.

The risk of burn injuries starts already 

at 50°C but at that temperature it will take 
five minutes for an adult to develop a third 
degree burn, which is the most serious level 
and affects all layers of the skin. Only five 
degrees higher, at 55°C, a mere 25 seconds of 
exposure is enough to cause the same injury, 
and at 60°C only five seconds is required.

Small children have more sensitive skin 
and can suffer serious burns at much lower 
temperatures. In the specific case mentioned 
above, it is possible that the staff themselves 
did not perceive the water to be scalding hot.

For this reason, Sweden has a regulation 
that in buildings used by people who cannot 
themselves be expected to regulate the water 
temperature, the hot water temperature must 
be limited to a maximum of 38 °C by mixing 
in cold water. This regulation applies to such 
facilities as nursery schools and homes for 
seniors, the disabled, etc.

Despite these regulations, every year 
about 50 Swedes, most of them children, 
are still so severely burned that they have to 
be hospitalised.

Given how narrow the margins are for 
burn injuries, just measuring the temperature 

is not enough. It’s also crucial to ensure that 
the measured temperature is accurate by only 
using measurement equipment that has been 
properly calibrated and inspected.



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 !Measuring temperature via 

pressure

QUESTION:   I read in an article about auto-
claves that it is possible to measure the 
temperature by measuring the pressure. Why 
can we do this? Are there other applications 
where it is possible to measure temperature 
in the same way?
           Roland G

ANSWER:  The ability to measure temperature 
via pressure is based on the thermodynamic 
relationships that apply to vaporization and 
condensation. As an example, let us study what 
happens with a specific mass of water that is 
enclosed in a space subject to constant pressure 
(Figure 1). Heat is added; the temperature of the 
liquid increases, at which its volume increases 
somewhat, but the pressure always remains 
constant (Figure 2). At a specific temperature (the 
evaporation temperature or “boiling point”), the 
liquid begins to vaporize, which involves a large 
increase in the volume of the mixture of liquid and 
gas. This mixture is called wet steam. Vaporization 
is a process that requires a lot of heat. During 
vaporization the temperature remains constant 
and according to the laws of thermodynamics 
there is then a fixed relationship between pressure 
and temperature. After all the liquid has vaporized 
the result is saturated water vapour. If we add 
more heat, the temperature of the steam rises and 
the steam becomes overheated. The pressure 
remains constant during this entire sequence 
of events from liquid to overheated steam. If 
we remove heat, the process occurs in reverse: 
the steam condenses and becomes a liquid.

During vaporization or condensation there is a 
mixture of liquid and vapour. During these proces-
ses, both the temperature and the pressure are 
each constant and thermodynamically related to 
each other. It is therefore possible to determine 
the temperature within this range by measuring 
the pressure. For example, at a pressure of 0.1 
MPa the evaporation temperature is 100 °C; at 
0.2 MPa it is 120 oC and at 0.4 MPa it is 144 °C. 
(0.1 MPa = 1 bar = 105 Pascal or N/m2). How-
ever, it is impossible to use this method with only 
liquid or only steam. 

Applications
The range of applications for this measurement 
technique is relatively narrow. In autoclaves 
that use wet steam of a specified pressure, it 

STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

Calibration methods constantly 
being refined
Temperature measuring equipment could 
soon look like anything at all: it could be built 
into other products, unrecognisable, and 
customised for each specific measurement 
task. And bear no resemblance at all to the 
traditional handheld indicator.

“Fundamentally, though, the same na-
tural laws apply, there are the same tracea-
bility demands and the same accreditation 
routines are required,” says Lars Grönlund, 
manager of Pentronic’s laboratory.

The ITS-90 temperature scale is based 
on the use of defined points in the form of 
phase transitions and triple points, primarily 
for various metals. These defined points 
form the foundation of a skilled and ac-
credited calibration laboratory.

“We are continually developing new 
calibration methods as technology makes 
further advances,” Lars says. 

One example of the latest 
measurement instruments 
is data loggers with the size 
and appearance of a button 
battery. Pentronic has deve-
loped new calibration methods for these 
tiny instruments. But however advanced 
such methods might be, they are subject to 
precisely the same stringent accreditation 
routines as always.

is possible to measure the temperature via the 
pressure. Autoclaves are used in such industries 
as food and pharmaceuticals. When steam 
condenses onto an object, a very powerful heat 
transfer occurs. Another application is conden-
sers used in steam technology. One household 
application is the pressure cooker, which is a 
saucepan that is equipped with a tightly sealed 
lid and that can withstand internal pressures 
higher than normal air pressure. The food inside 
therefore cooks at a temperature above 100 °C,  
which shortens the cooking time required.

Figure 1 Figure 2

See us at easyFairs April 13-14 in  
Malmö, Sweden. You will find us at 
stand P213. 
We will show:Temperature sensors, 
integrated transmitters, on-line NIR 
moisture, fat and protein measuring 
systems.
Welcome!



 

SE-590 93 Gunnebo, Sweden
Fax. +46 490 237 66, Tel. +46 490 25 85 00

info@pentronic.se, www.pentronic.se

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 ?

See www.pentronic.se and Pentronic News archive:
[Ref 1] Pentronic News 2009-3 p 4 (measurement uncertainty)
[Ref 2] Pentronic News 2009-6 p 4 (calibration certificates)

System calibration of sensors and transmitters

There is a growing demand for increasingly 
precise temperature readings. It is no longer 
enough to rely on tolerance specifications 
listed in standards and data sheets. Calibra-
tion is essential – but even that can be done in 
different ways. In this article we estimate the 
difference in measurement uncertainty bet-
ween calibrating sensors and transmitters 
separately, and calibrating them together, 
compared with relying on stated tolerances. 

Calibrating a temperature sensor involves map-
ping a deviation against a reference object. 
Readings of that deviation will vary over time, 
due to unavoidable imperfections in both the 
calibration set-up as a whole and in our ability 
to take the readings.
 All uncertainties that affect the measurement 
process must be summarised according to 
a formula. If we repeat a measurement often 
enough, our readings will create a normal 
distribution pattern (see Figure 1). Two standard 
deviations (2s) in this normal distribution pattern 
will with 95% probability include the remaining 
measurement uncertainty of the measurement 
object. This is after we have corrected for the 
deviations in the reference object and measu-
rement object respectively. [Ref 1] 
 We do this correction by adding, with the 
opposite sign, the deviation from the reference 
object to the mean value. The reference object 
must also have been corrected in the correspon-
ding way, as shown on its calibration certificate.

No calibration
There are three levels of “accuracy” and they 
all depend on the calibration method or the 
lack of one, i.e. no calibration at all. In the last 
case, we must use standards and data sheets 
to determine deviations and measurement 
uncertainties. For Pt100 sensors there is the 
IEC 60751 standard and Class A, which is a 
common tolerance requirement. At 150 °C a 
tolerance of ± 0.45 °C is given for complete 
sensor in an installation that has favourable 
conditions. We can assume that the transmitter 
gives a tolerance of ± 0.2 °C, at least when its 
surroundings are at room temperature. In this 
case, the estimated measurement uncertainty 
according to standardised methods is about 
± 0.5 °C (see Figure 4), because we must 
regard the tolerances as being included in the 
measurement uncertainty. In all cases we use 
indicators with a resolution of 0.01 °C or the 
equivalent units.

Method A – two or more instru-
ments
Calibration done in accordance with Method A 

in Figure 2 involves calibrating the sensor and 
transmitter separately. We can calculate the 
correction term and measurement uncertainty 
for both objects. More instruments are used in 
Method A than in Method B (figure 3). As a result, 
the measurement uncertainty is also somewhat 
greater in Case A than in Case B. 
 The correction terms for the components must 
be used to cancel the respective deviations in 
the connected data acquisition system. This 
requires that we keep track of the individual 
components so that we can identify the correc-
tions for each measuring channel. If we instead 
combine the sensors and transmitters in an 
arbitrary way, we must accept that the uncer-
tainty interval will be larger than that indicated 
by the white column in Figure 4. However, the 
uncertainty will still be significantly less than if 
we do no calibration at all.

Method B – system calibration
System calibration done in accordance with 
Method B in Figure 3 involves a one-step ca-
libration of the measurement chain, which is 
comprised of the sensor plus the transmitter. 
The individual deviations of both components 
can partly cancel out each other. It is important 
that the calibrated components are kept together 
during warehousing and installation; otherwise 
you will lose the low measurement uncertainty. 
An excellent way to automatically match up a 
sensor and transmitter is to integrate them as 
shown in Figure 5.
 Remember that the measurement uncertain-
ties given in this article are based on specific 
conditions that may not apply to your situation. 
The calibration is considered done in an in-house 
laboratory. This means that some additional 
common uncertainties occur within the process 
installation itself, for example stem losses, 
resolution, temperature drift, uncertainties at 
3-wire connected Pt100s, etc. [Ref 2] 

Figure 1

Figure 2 – A1

Figure 2 – A2

Figure 3 – B

Figure 4

Figure 1. Definition of the terms used in calibration. Many repea- 
ted measurements will produce a result curve with normal distri-
bution. See further [Ref 1].

Figure 2. Method A. A temperature sensor and a transmitter are 
calibrated separately. The sensor is calibrated in a temperature-
stable heat source and the transmitter’s input signal is simulated 
with a process calibrator. The resolution corresponds to ± 0.01 °C 
for all the instruments.

Figure 3. Method B. System calibration of the sensor and trans-
mitter requires that both objects be linked together. Otherwise 
the low measurement uncertainty will be lost. An integrated 
sensor/transmitter like that shown in Figure 5 automatically 
ensures such a link is present.

Figure 5

Figure 4. Estimated measurement 
uncertainties for calibrations 
done in an in-house laboratory 
under favourable conditions. 
Calibration temperature 150 
°C, indicator resolution 0.01 °C. 
Calibration methods: W/O = 
Without calibration; for A and B 
see Figures 2 and 3 respectively 
and the main text. 

Figure 5. A temperature sensor 
with an integrated transmitter, 
in this case designed for the food 
industry. The sensor is a Pt100  
and has an analog output, 4-20 
mA. One advantage is that it can 
be used to trim deviations at one 
or more temperature points.


