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Industry 4.0 Is Unthinkable Without Calibration! 

Improved plant availability through regular sensor calibration 

The much-discussed Industry 4.0 cannot be implemented without a clear 
increase in automation solutions. At the same time, this development 
necessitates a growing demand in high-grade sensor technology to 
control and monitor the increasingly complex cross-linked processes. 
Although they may limit the wear of the automation system, sensors are 
subject to a natural aging process. Only through regular calibration can 
the performance capability of the overall system be guaranteed. At the 
same time, calibration is the basic requirement for precise measurement 
results. For Fulda-based JUMO GmbH & Co. KG, the subject of 
calibration has therefore been an issue for many years. 

Temperature is the central measurand for many processes in the food and 
pharmaceutical industry. With optimally designed measurement technology, 
the cleaning processes of the plants and the product quality can be 
significantly improved. A decisive factor here is the choice of measurement 
probes and the correct process connection. To meet industry rules and 
requirements, easy sensor cleaning and regular sensor calibration must be an 
option.  

In the food and pharmaceutical industry, measuring devices subject to specific 
requirements are used. One such requirement focuses on the materials from 
which these measuring devices are made. The materials must be non-
hazardous to health if the parts made from them come into direct contact with 
the product. Special regulations and standards exist for this purpose. 
Examples are the EU framework regulation for consumer products 
("Regulation [EC]  No. 1935/2004 on materials and articles intended to come 
into contact with food") or "Regulation EC  No. 2023/2006 on good 
manufacturing practice for materials and articles intended to come into contact 
with food".  

The pharmaceutical industry is another industry in which various standards 
determine the use of materials. The basis here is primarily the FDA, which has 
created requirements especially for plastics and chemicals in Title 21 of the 
CFR (Code of Federal Regulations). Furthermore, Title 21 of the CFR also 
includes guidelines for "Current Good Manufacturing Practice." However, the 
ASME (American Society of Mechanical Engineers) has also defined 
requirements for materials and the quality of materials coming into contact 
with the medium in its standard for "Bioprocessing Equipment." 
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Calibration is becoming more important 

The motivation of customers from the food and pharmaceutical industry to 
calibrate sensors varies. Quality assurance models that take the above-
mentioned rules as basic principles are frequently the decisive factor. 
However, this may also be in-house objectives. Examples are the burden of 
proof in the event of a complaint or more cost-effective production on the basis 
of quality assurance measures and the associated reduction in costs. 
Ultimately, calibrated sensors also provide the user with a high degree of 
process reliability. 

Increased quality consciousness, improved measurement technology, and in 
particular quality assurance systems such as DIN ISO 9000 have further 
increased the importance of process documentation and monitoring of 
measurement equipment. A particularly stringent requirement arises from the 
standard DIN ISO 9001/9004 for test equipment monitoring.  

This means that the suppliers and manufacturers of products subject to 
temperature-relevant processes are obliged to check all test equipment that 
may affect the product quality before use or at specified intervals. As a rule, 
this is done using calibrations performed in accordance with the national 
standards. Due to the high demand for calibrated devices and the variety of 
devices to be calibrated, industry has set up and maintains calibration 
laboratories accredited by Germany's National Accreditation Body (Die 
Deutsche Akkreditierungsstelle GmbH, DAkkS). 

 

Why do sensors need to be calibrated? 

Regular sensor calibration is required by the International Featured Standards 
Food. With the IFS Food, a uniform quality assurance standard has been 
established that supports companies with its requirements. This standard is 
based on the quality management standard DIN EN ISO 9001:2008, and 
includes Good Manufacturing Practice (GMP) as well as HACCP principles. 

Version 6, Part II Section 5.4 stipulates that the measurement equipment must 
be checked and documented at defined intervals. Companies that are certified 
according to this standard must show a documented quality and food safety 
system during audits. For this purpose, the IFS Food defines the content 
requirements, the procedure, and the evaluation of the audit. In addition, it 
provides a requirements profile for the auditing organizations.  

The IFS Food standards stipulate how the various components of the quality 
system used by a company must be documented, implemented, maintained, 
and continually improved. For instance, they stipulate that in cases in which 
the control of process parameters (e.g. temperature, time, pressure) is a 
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deciding factor for product quality, this must be monitored and recorded 
continually or at appropriate intervals.  

In the pharmaceutical industry, in addition to the national and international 
pharmacopeias the EU GMP guidelines, chapter 3, point 3.40, and chapter 4, 
point 4.26 form the basis for regular calibration of all sensors used.  

For the food and pharmaceutical industry, JUMO offers the inspection and 
calibration of temperature measuring devices as part of your quality assurance 
system. JUMO has a wide range of paperless recorders in its product portfolio 
for recording and monitoring process parameters (Fig. 1).  

 

Figure 1: The JUMO LOGOSCREEN nt (left) and fd (right) paperless 
recorder. 

 

These completely record the crucial process parameters for the product and 
generate electronic forms for documentation, which can also be customer-
specific, with the PCA3000 evaluation software. The paperless recorders can 
also generate an alarm at defined intervals (e.g. to represent the calibration 
cycle for the measurement technology that is used in the process).  

To guarantee precise, reproducible, and traceable calibration, JUMO 
established a DAkkS calibration laboratory accredited according to DIN EN 
ISO/IEC 17025 for the measurand temperature in 1992. JUMO also performs 
on-site calibrations. Temperature probes and temperature control units are 
quickly and easily calibrated by qualified personnel. All results are 
documented according to DIN EN 10204 in a manner that can be traced back 
to the national standards. 
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Which sensors are calibrated? 

To determine which sensors in a plant need to be calibrated, it must first be 
verified whether the sensor meets the requirements for the measuring point. 
For this purpose, the sensor must be designed in such a way that it is 100 % 
suitable for the process. In doing so, all parameters and process conditions 
must be considered. 

Furthermore, the sensor must be checked in terms of its CIP/SIP capability as 
well as the effort required for maintenance and calibration work. It must be 
installed in the process in such a way that the sensor fulfills all hygienic 
requirements and is easily accessible for maintenance work. Ideally the 
sensor should be suitable for inline calibration.  

In the food and pharmaceutical industry, RTD temperature probes equipped 
with Pt100 measurement sensors are widely used. Here, "Pt" stands for 
platinum – this precious metal has established itself as the material for 
resistors in industrial measurement technology. According to DIN EN 60 751, 
the number 100, the nominal value, indicates that with a temperature of 0 °C 
there is a resistance of 100 Ω. The sensors have a high degree of measuring 
accuracy and cover a wide measuring range from -200 to +600 °C. The 
advantages of the devices lie in their high durability and the good 
reproducibility of the electrical features. For the electronic system, high-grade 
stainless steel heads with protection type IP67 are generally used.  

Sensors that have direct contact with the medium must meet specific hygienic 
requirements. For example, this applies to the material used, which is typically 
stainless steel 316 L (1.4404/1.4435) with a surface roughness ≤0.8 µm and 
≤0.4 µm. If seals are used, FDA-compliant material is used in a standardized 
manner. In addition, resistance of the material to various cleaning agents such 
as caustic soda and nitric acid is required.  

The range of JUMO’s hygienic temperature probes includes both standard 
devices with or without transmitter as well as compact devices that are 
equipped with M12 connectors and are ideal for narrow measuring points in 
particular. The portfolio is rounded off with a temperature switch with display 
and analog output. These devices are used wherever users want a display 
directly on the plant, and at the same time want to actuate a relay, for 
example, via the temperature.  

 

The calibration 

As part of a DAkkS calibration, the thermometer is measured at different 
temperatures. Using the measurement data, characteristic parameters are 
calculated and a certificate is issued on the measurements that are carried 
out. Here it is important that the used temperature probe can be calibrated. 
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This includes, in particular, testing the nominal value stability after annealing in 
the active temperature range as well as testing the leakage resistance.  

If a temperature probe does not satisfy these conditions, calibration is refused. 
At JUMO, DAkkS calibration certificates can, for example, be issued for RTD 
temperature probes, thermocouples, measuring chains, data loggers, and 
temperature block calibrators in the measuring range between -80 and 
+1,100 °C.  

 

Figure 2: The JUMO DAkkS laboratory for temperature 

 

The calibration certificate 

The calibration certificate documents all measurements, the corresponding 
measurement conditions, and the calculated measurement uncertainties. All 
specifications that clearly identify the test piece are included to eliminate any 
confusion. 

Upon request, the customer receives a temperature/resistance table or a 
temperature/thermoelectric voltage table over the entire measuring range of 
the test piece in 1 K steps with the associated increase values. This means 
that the linear interpolation between two consecutive table values is made 
possible. For the calibration of temperature block calibrators, the spatial and 
temporal temperature stability in the plant is also shown on the calibration 
certificate. 

 

Safe and clean 

Specific regulations also apply for the connection between the sensor and the 
production plant, known as the process connection. This concerns above all 
its cleaning capability: if the process connection is not easy to clean, 
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remaining pollutants can contaminate the next batch. An important aspect of 
good cleaning is not only choosing the correct connection, but also its correct 
insertion. For this purpose, regulations and standards also exist. These were 
developed by such organizations as the EHEDG (European Hygienic 
Engineering and Design Group). 

The PEKA process connection adapter system from JUMO is particularly user-
friendly. This is available for measuring devices measuring the measurands 
temperature, pressure, and conductivity. PEKA means: a practical, EHEDG-
compliant adapter system. The parts of the EHEDG-certified adapter system 
that come into contact with the product are made from 316 L stainless steel 
with FDA (Food and Drug Administration)-compliant seals and a standard 
surface roughness of Ra = 0.8 µm. Thanks to cavity-free installation and the 
hygienic design, the system is easy to clean and tailored specifically to the 
requirements of the food and pharmaceutical industry. The system’s different 
process connections (welding socket, orbital welding socket, clamp, aseptic 
according to DIN 11864-1, and VARIVENT®) make it versatile to use and 
suitable for virtually every application. The benefits are obvious:  

Measuring devices can be easily replaced and unscrewed/screwed back in 
several times without affecting quality. The installation location is sealed with a 
plug designed specifically for this purpose. Thanks to the comparatively low 
effort required for regular calibrations, a significant amount of time and costs 
can be saved with this system. 

 

Calibrating a measuring chain on-site 

The calibration of the temperature probe alone is not enough in many cases 
because other components are still involved in the temperature measurement 
and the display that influence the measurement result. These components 
include connection cables for the temperature probe, the measuring point 
changeover switch, and evaluation electronics such as controllers, recorders, 
or indicators. Only an on-site calibration can evaluate all influential factors 
correctly and include them in the calibration result. Recently, JUMO also 
received the important DAkkS accreditation for the on-site calibration of 
temperature sensors. 

JUMO sets the same high quality standards for on-site calibration in the 
temperature block calibrators as it does in its in-house DAkkS laboratory. 
Different temperature block calibrators are used on-site. The accredited 
temperature range lies between -40 and +700 °C. The smallest measurement 
uncertainty assigned lies between 0.25  and 2.5 K, depending on the 
calibration range. Alongside RTD temperature probes and thermocouples, 
thermometers with transmitters can also be calibrated with a direct reading.  
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Figure 3: Example of on-site calibration 

 

The installation location of the temperature probe is also a frequently 
underestimated influential factor. An excessively low immersion depth during 
the process or an unfavorable positioning can also negatively influence the 
temperature measurement. For on-site calibration, a calibration expert 
examines the installation location and can give recommendations to optimize 
the temperature measurement or take these into account in the calibration 
result. All results are documented in a calibration certificate and can be traced 
back to the national standards. 

 

Uses in industry and in the laboratory 

Thermometers are subject to an aging process known as "drift." The extent of 
the "drift" depends on the loads to which the thermometer is subjected during 
daily use as well as its design. Maximum operating temperatures, stress 
caused by temperature changes, and mechanical influences therefore play a 
decisive role. However, the user will rarely notice these changes and proceeds 
with incorrect values. This results in a loss of quality in development and 
production as well as in time-consuming product repairs. 
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Figure 4: Example of temperature test equipment 

 

Routine measurements comparing DAkkS calibrated RTD temperature probes 
and in-house operating thermometers are therefore highly recommended. A 
thermostatic bath or block calibrator is frequently used for this task. The 
DAkkS calibrated thermometer is used to set the temperature. The 
thermometer is also used to measure the output signal of the RTD 
temperature probes to be compared. 

Two calibrated thermometers should always be available for comparative 
measurements. A third thermometer should be kept in a safe place and should 
only be used to make a majority decision if a discrepancy between the other 
two thermometers exists. 

 

Maximum security through a maintenance concept 

If users wish to play it safe, a maintenance concept should be implemented for 
the entire plant. This involves compiling maintenance reports with quality-
relevant protocols, monitoring calibration deadlines, and replacing wearing 
parts in good time. JUMO offers these maintenance concepts both in-house 
as well as on-site. The creation of calibration certificates during maintenance 
intervals according to EN 10204 is also possible for complete measuring 
chains. 
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Summary 

The calibration of sensors should not be regarded as an unpleasant task, but 
an absolute necessity in modern production processes. Only then can 
optimum plant availability be ensured. The securing of investments, minimized 
downtimes, and the reduction of the burden on individual service staff are 
further advantages. 
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