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Common instrument types are pressure transmitters, level probes, 
pressure switches and process transmitters. Basically, these 

electronic pressure measuring instruments consist of a pressure 
connection, a pressure sensor, electronics, an electrical connection 
and the case (see Figure 1).

Figure 1: Structure of a pressure measuring instrument.

In addition to those mentioned above, there are also simpler instru-
ment types known as pressure sensor modules; often consisting of 
no more than a pressure sensor and simple mechanical and electrical 
interfaces. These types are particularly suitable for complete integra-
tion into users’ systems.

Pressure transmitter

A pressure transmitter (see Figure 2) has 
standardised interfaces, both on the proc-
ess side and on the electrical output signal 
side, and converts the physical pressure 
value to a standard industrial signal. The 
pressure connection is used to lead the 
pressure directly onto the sensor. It has 
a (standardised) thread and an integrated 
sealing system to enable easy connection of 
the pressure transmitter simply by screwing 
it in at the relevant measuring point. A suit-

able case protects the sensor and the electronics against environmen-
tal influences. The electronics transform a weak sensor signal into a 
standardised and temperature-compensated signal; eg the common 
industrial signal of 4 … 20 mA. The output signal is transmitted via a 
(standardised) plug or cable for subsequent signal evaluation.

Level probe

The level probe (see Figure 3), sometimes also re-
ferred to as a submersible transmitter, is a special 
type of pressure transmitter used for level measure-
ments in tanks, wells, shafts and boreholes. For this 
purpose the level probe measures the hydrostatic 
pressure at the bottom of the vessel or well. Particu-
larly important is the choice of material for the case 
and cables, and also the seals at connection points, 
due to complete and permanent submersion into 
the medium. Venting of the sensor system, required 
for the gauge pressure measurement, is achieved 
via a ventilation tube passed through the cable.

Figure 3: Level probe.

Pressure switch

In many applications electronic pressure switches replace the me-
chanical pressure switches that used to be very common, since they 
offer, as a result of their design principle, additional functions such 
as digital display, adjustable switch points and considerably higher 
reliability. They are most frequently used in machine building.

An electronic pressure switch is based on an electronic pressure 
transmitter and therefore offers the entire functionality of a transmit-
ter. With the integrated electronic switch, which can close or open an 
electrical circuit, it is able to perform simple control tasks. The switch 
point and the reset point can be set individually.

By default, a pressure switch only outputs binary signals such 
as switch point or reset point ‘reached’ or ‘not reached’ but it does 
not output how far the measured pressure is from the switch or reset 
point. That is why many pressure switches have a display and addi-
tionally an analogue output signal. The set parameters and measured 
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pressure can be read off the 
display. In addition, the meas-
ured pressure can be trans-
mitted by the analogue out-
put signal to a downstream 
control unit. Thus, this widely 
adopted type of electronic 
pressure switch includes a 
switch, a pressure transmitter 
and a digital indicator − all in 
one instrument (see Figure 4).

Figure 4: Pressure switch with 
display.

Process transmitter

The process transmitter (see Figure 5) is a pressure transmitter with 
a pressure range that can be set within a predefined pressure range 
(turndown). It is mainly used in process engineering, since in this ap-
plication area it is necessary to adjust every single measuring point 
to a multitude of specific requirements that must be individually set 
by the operator on site. The process transmitters have very high 
measurement accuracy 
within the entire pressure 
range. In addition, the pres-
sure range, the zero point 
and further parameters 
can usually be set individu-
ally. For this purpose many 
process transmitters have 
both digital display and ad-
ditional operating elements 
and extensive operating 
software directly within the 
instrument.

Figure 5: Process transmitter 
with display.

Pressure transducer

Providers of pressure transducers usually offer a multitude of sen-
sor modules that can be directly matched to the requirements of the 
user. They have, for example, a user-specific pressure connection or 
a user-specific electric interface (see Figure 6). Only very few manu-
facturers of electronic pressure measurement technology even offer 
the so-called ‘bare’ pressure sensor as a module. For these, the users 
must develop their own design solutions in order to get the pressure 
to the sensor and evaluate the sensor signal.

For pressure transducers it is generally the case that their correct 
function must be ensured by the user’s design-related measures. 
Therefore, this option is usually only suitable for mass-produced 
equipment.

Figure 6: Pressure transducers.

Instrument qualification and reliability

A whole series of examinations is required for electronic pressure 
measuring instruments to be qualified for a particular application. Of 
fundamental importance here is the required reliability with respect to 
the service life of the instrument under the expected operating condi-
tions. The (mean) service life is the mean time to failure (MTTF). It 
mainly depends on the operating conditions. As a result of the operat-
ing conditions, the failure probability of the individual components of 
an electronic pressure measuring instrument can vary considerably.

Pressure connection

Pressure connections are standardised to a great extent, easy to di-
mension and easy to handle. For pressure values up to 1 000 bar, most 
are considered to be failure-proof, ie they offer practically unlimited 
service life. At most for seals, in particular seals made of organic 
materials, certain ageing effects are to be expected. 
As long as the pressure medium is compatible with the material and 
the operating temperature range is not exceeded, almost no serious 
problems occur. 

Detailed information on media resistance is given in the relevant 
technical literature and manufacturer’s specifications.

Sensor system

When assessing the service life of the sensor system, a differentiation 
must be made between the different sensor principles. 

Since these sensor types are exposed to completely different 
loadings and the materials or material combinations used respond 
completely differently, a highly differentiated approach is absolutely 
essential.

• Metal thin-film sensors

The classic metal thin-film sensor represents a clearly-defined system. 
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The main body, including the weld seam, is usually over-dimensioned 
in order to ensure permanent stable conditions at the diaphragm and 
thus a long service life. Dimensioning of the diaphragm geometry 
and positioning of the strain gauges are optimised using the Finite 
Elements Method (FEM). This helps to achieve a linear deflection of 
the diaphragm under pressure in the case of radial and tangential 
tension over a large load range, which enables accurate measurement 
of the pressure values. Since the materials used are mostly ductile 
steels or special alloys, the FEM simulations can also ensure that the 
deflection of the diaphragm material across the entire pressure range 
remains far below the yield point (see Figure 7). Thus, local overloads 
with corresponding plastic deformation are avoided.

Figure 7: FEM simulation of the equivalent stress intensity on the deflected 
diaphragm of a metal thin-film sensor.

The fatigue life can be determined using standard procedures such 
as fatigue testing, its results are represented by the S-N curve (Wöh-
ler curve). The known and trusted manufacturers consider 108 load 
cycles to be safe design criteria. Particularly for new developments, 
geometrical variations or material replacements, despite this high 
value, manufacturers will not do without the validation of their design 
through empirical data based on fatigue tests conducted over weeks, 
or even months, on test benches. One of the reasons for this is that, 
besides mechanical stress distribution, manufacturing procedures 
such as heat treatment of steel and forming processes, as well as 
production-related surface defects, for example striations, may also 
have significant influences.

• Ceramic thick-film sensors

The main body of the ceramic thick-film sensor is also over-dimen-
sioned. However, two material-related differences must be consid-
ered: on the one hand, the ceramic of the main body, unlike steel, 
does not suffer fatigue (ageing) so long as it is neither overloaded 
nor suffers additional stress due to mechanical or thermal shock. 
However, imperfections such as slight impurities or microscopic 
mechanical defects on the surface may result in dramatic changes 
to the burst pressure and must therefore be monitored carefully dur-
ing the manufacturing process. On the other hand, the ceramic main 
bodies require carefully dimensioned mounting or seating and an ad-
ditional seal in the transition to the pressure port. Usually the ageing 
of this seal, under the influence of load and temperature changes and 
under the influence of the application’s pressure media, represents 
the limiting factor. Therefore, there is often no other choice than to 
determine the service life and thus the suitability individually through 
load cycle tests, especially under the influence of the medium and 
ambient temperatures.

• Piezo-resistive sensors

To some degree, the same applies for the piezo-resistive sensors as 
for the ceramic thick-film sensors. While the sensor material itself is 
almost unaffected by fatigue, the rest of the sensor system must be 
designed carefully and evaluated for potential risks using, for exam-
ple, failure mode and effects analysis (FMEA). This applies both to 
the design and construction of the diaphragm seal (consisting of a 
diaphragm, capsule housing with diaphragm bed and pressure port 
as well as a displacement body) and the design and bonding methods 
used for the header and support for the piezo chip. Load cycle tests, 
in particular for high-pressure ranges, are also absolutely essential 
for piezo-resistive sensors. However, the systems are so complex 
that individual tests are usually required.

Electronics

The dimensioning guidelines common in standard industrial elec-
tronics also apply to the circuitry and electronic components used in 
electronic pressure measurement technology. Of course, attention 
must be paid to the correlation between the number of components 
used and the number of required soldering points as well as the 
strong correlation be-
tween the service life of 
electronic components 
and the temperature. 
The approved standard 
methods can be used 
for the calculation of 
service life. Since the 
MTTF values usually 
obtained in this way can 
be several hundreds of 
years, they cannot be 
verified experimentally, 
so accelerated ageing 
methods must be used 
(see Figure 8).

Figure 8: Machine to perform the Highly Accelerated Life Test (HALT).

Instrument tests

To ensure the functionality of electronic pressure measuring instru-
ments under all environmental conditions, the research laboratories 
of major manufacturers regularly perform long series of different 
tests. Some testing, eg that for electromagnetic compatibility (EMC), 
is stipulated by law. The instruments cannot be placed on the market 
if they have not passed these tests. Other tests are carried out to 
meet particular market requirements and/or to specific operating 
conditions. If standards or directives for certain tests exist, then 
they are implemented. If the standards do not provide adequate test 
procedures, market-specific and application-oriented tests are often 
developed.

For market-specific test procedures the application conditions 
are simulated as accurately as possible. The test objects are often 
not only exposed to one test, but must pass a whole series of tests. 
They are exposed, for example, first to strong vibrations (see Figure 
9) and must then resist severe shocks. Alternatively they will be suc
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cessively heated, cooled, immersed in water, exposed to salt spray 
and daubed with solvents or lubricants and additives. An instrument 
will have passed the test series only if it measures with its original 
accuracy both during and after the tests. This type of extended prod-
uct testing is usually known as ‘application-specific standard testing 
procedure’. Since the test contents and procedures are specified by 
each manufacturer individually, they must generally be requested by 
the end-user and evaluated accordingly.

Figure 9: Vibration test.

Environmental influences and special requirements

Temperature  

Since temperature influences many properties of a material, it also 
affects the proper operation of measuring instruments. Very high 
or very low temperatures can damage or even destroy parts of the 
measuring instrument. In particular, plastic parts and sealing ma-
terials age much faster under the influence of constant high or low 
temperatures. For example, if the temperature is too low, they lose 
their elasticity. To ensure proper function of the pressure measuring 
instruments, some manufacturers specify temperature ranges in their 
data sheets for the pressure medium, ambient conditions and during 
storage. Other manufacturers define an operating temperature range 
which includes both the medium and ambient temperature range. The 
measuring instrument will not be damaged provided these specifica-
tions are adhered to.

 The data specified in the data sheets regarding the measuring 
accuracy, on the other hand, are only valid for the temperature-
compensated range which is significantly smaller and will also be 
specified in the data sheets.

Compatibility with the pressure medium

The pressure media are as many and diverse as the applications 
of pressure measurement technology. In pneumatics it is mostly 
air mixed with residues of compressor oil and condensed water; in 
level measurement it is mostly fuel, oils or chemicals. In hydraulics 
the pressure of the hydraulic oil must be measured; in refrigeration 
technology, the pressure of the refrigerant must be measured.

All physical and chemical characteristics of the pressure medium 
must be considered when selecting the material and other properties 
of those parts of the pressure measuring instrument in contact with 
the pressure medium. Special attention must be paid to the fact that 
the diaphragms are only a few microns thick. Material abrasion due 
to corrosion cannot be accepted; not only because it would erode the 
diaphragm, but also since the measurement characteristics would 

change continuously. Due to the small material thickness there is a 
risk of pressure medium diffusing through the diaphragm and react-
ing with the materials behind it, for example filling media and adhe-
sives. To prevent chemical reactions initiated by aggressive media, 
measures such as having a flush stainless-steel diaphragm with a 
highly-resistant coating made of special plastic, ceramic materials or 
noble metals are often taken. As an alternative, the wetted parts can 
be made of titanium or other special materials such as alloys based on 
nickel, molybdenum or cobalt. The reactivity of the pressure medium 
is, however, just one aspect from a whole range. If, for example, the 
water used as a pressure medium does not drain completely and 
subsequently freezes, it may damage the internal sensor diaphragm 
as a result of expansion. Lime deposits can also clog the pressure 
port. Some media, such as those with high viscosity or high solids 
content, require a pressure connection without a pressure port. For 
this purpose a flush variant of the sensor diaphragm is used.

Protection against soiling and water

The electronic components and electrical connections must be pro-
tected against the ingress of any foreign objects or water in order to 
ensure they continue to operate. The IP ratings defined in the DIN 
EN 60529 [2] standard specify what level of protection is provided 
by an electrical or electronic instrument at room temperature against 
contact with, and intrusion of, foreign objects (first digit) as well as 
against ingress of water (second digit). A higher IP rating does not 
automatically imply an improvement in protection. For example, 
IP67 (total dust ingress protection, protection against temporary im-
mersion) does not necessarily cover IP65 (total dust ingress protec-
tion, spray water protected), since the load due to spray water can 
be significantly higher than the load during temporary immersion. 
For the IP68 rating (total dust ingress protection, protection against 
permanent submersion), the manufacturer must always specify ad-
ditionally the duration and depth of immersion. These conditions are 
not specified in the standard.

Sealing problems can also be caused through temperature 
variations. Therefore, some manufacturers utilise different testing 
procedures to verify that their measuring instruments remain func-
tional and measure within the specified accuracy limits even after 
temperature variations.

The use of pressure measuring instruments outdoors places 
especially high demands on them. A combination of high ambient 
humidity and low temperature can lead to condensation or even icing. 
Large cyclic climatic fluctuations can lead to the accumulation of water 
within the instrument if the instrument is not sealed (pumping effect).

Intensive moisture accumulation (continuous condensation) on 
the measuring instrument, and partially inside it, occurs regularly if 
the ambient humidity is high and the temperature of the pressure 
medium is much lower than the ambient temperature. In this case, a 
special case design is needed, which can only be realised for certain 
instruments optimised for such operating conditions.

Mechanical load capacity

In many applications the pressure measuring instruments are some-
times exposed to significant shock and vibration loadings. Vibration 
loads are oscillating mechanical loads of longer duration. In contrast, 
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shock is considered as an impulse wave which abates quickly com-
pared to vibration. Strong vibrations, for example, have an effect when 
using pressure measuring instruments on test benches and engines. 
Shocks occur, for example, during mobile use in a vehicle driving 
on a rough road, or during stationary application in machines with 
high accelerations during operation, such as solid forming presses 
or drop forges.

For the pressure measuring instrument to be used safely in appli-
cations with strong vibrations and/or shocks, it must withstand these 
loads. The vibration resistance of industrial pressure transmitters is 
usually in the range of 10 to 20 times the acceleration due to gravity 
(10 g to 20 g). Nowadays, the shock resistance of industrial pressure 
transmitters is at several hundred g.

Electromagnetic radiation

Every electrically operated device can potentially emit electromag-
netic radiation. However, since an electronic circuit can also be 
influenced by electromagnetic radiation, such instruments can also 
influence (interfere with) each other. The requirements for EMC cover 
both interference emission and immunity.

EMC problems frequently occur if many electronic devices are 
located within a small space. With increasing automation this is also 
the case in many applications of electronic pressure measurement 
technology. EMC problems occur more and more frequently, because 
of the increasing operating frequency and electrical power of elec-
tronic devices, plants or systems.

In the European Union (EU) protection requirements are stipulated 
by the EMC directive and its implementations in national laws, which 
refer to the corresponding harmonised standards. Mandatory limit 
values for the interference immunity and emitted interference are 
specified in the standards. Only instruments developed and manu-
factured in accordance with these standards may be labelled with the 
CE mark and placed on the Single European Market.

However, for the reasons mentioned above, in certain applications 
the end-users will place much higher demands on the electromagnetic 
compatibility and, in particular, on the interference immunity, in order 
to ensure safe operation even under unfavourable conditions. These 
are summarised in factory standards or special specifications and 
must be individually checked for a particular prototype.

Explosion protection

For electronic measuring instruments used in hazardous areas it is 
necessary to ensure through technical measures that, in accordance 
with the classification of the hazardous area, no ignition source can 
have an effect. There are several technical approaches to achieve 
explosion protection for an electrical instrument. The correspond-
ing design concepts are referred to as explosion protection types. In 
electronic measurement technology the most frequently used is the 
concept of limitation of the ignition energy − referred to as intrinsic 
safety (abbreviation i). For this, the current and voltage of the electri-
cal power supply are limited in such a way that neither the minimum 
ignition energy nor the ignition temperature of an explosive mixture 
are ever reached. Another explosion protection type is enclosing the 
measuring instrument in a flameproof enclosure (abbreviation d), 
where all components that are likely to cause ignition are installed 

within an enclosure that can withstand the internal explosion pres-
sure. The escaping ignition energy is reduced by means of gaps 
between the enclosure parts to the extent that no ignition or external 
transmission of it is possible. The operator of a plant or equipment is 
generally responsible for compliance with the requirements for the 
equipment and facilities. Requirements for equipment that can present 
an ignition hazard have been harmonised across Europe. They are 
listed in the ATEX product directive, 94/9/EC. The directive describes 
the conformity assessment procedure for electrical and non-electrical 
instruments used in hazardous areas.

Figure 10: Symbol for explosion 
protection valid for Europe.

The manufacturer can or must 
obtain an EC-type examination 
certificate in accordance with the 
conformity assessment procedure 
and mark it correspondingly on the 
instrument (see Figure 10). Within 
the scope of the quality assurance 
system, the manufacturer bears the responsibility of ensuring that 
every single instrument is manufactured in accordance with this EC-
type examination certificate.

Conclusion

This article has overviewed pressure transmitters, level probes, pres-
sure switches and process transmitters. These electronic pressure 
measuring instruments consist of a pressure connection, a pressure 
sensor, electronics, and the electrical connection. Although these are 
critical aspects, it is also important to consider how environmental 
factor effect the operation of the system. In the final part of this article 
we will consider standard application and requirements.
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