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Abbreviations

Electronic pressure measuring instruments take on a multitude 
of tasks in the industrial environment. Among other things 
they assist in the extraction of clean potable water from wells 

or desalination plants, in the safe control of the landing flaps of 
aircraft, in the economical operation of air conditioning and refrig-
eration plants, in the production of high-performance materials, in 
the chemical industry, in environmentally-friendly power generation 
within fuel cells and in the efficient control of heat pumps. They ensure 
the safe operation of cranes and elevators, trouble-free operation of 
machine-tools and automated machinery, environmentally sound 
combustion in engines and the stable and energy-saving running of 
power units and drives.

Critical value monitoring

In applications within the field of critical value monitoring, the pres-
sure measuring instrument has the task of reporting that a certain 
critical pressure level has been exceeded or has not been achieved. 
For pure monitoring, pressure switches are most suitable. A pressure 
transducer, in addition, enables the continuous measurement of the 
system pressure.

For instance, leak detection in systems with elevated pressure: if 
there is a leak in a system, the system pressure drops. As soon as the 
pressure drops below the specified critical value, the electronic pres-
sure switch or pressure transmitter reports this. To detect the leaks as 
soon as possible, very high measurement accuracy is usually required.

Another example is the monitoring of the degree of clogging of 
filters (see Figure 1). With the increasing degree of clogging, the pres-
sure conditions upstream and downstream of the filter also change. If 
an electronic pressure measuring instrument is installed upstream or 
downstream of the filter, it can report clogging of the filter or indicate 
the optimum time for filter replacement.

Pressure control

In the case of pressure control using an electronic pressure measuring 
instrument, a differentiation must be made between the control of a 
constant pressure or the control of a pressure profile.

Figure 1: Filter monitoring.

Control of constant pressure

When supplying media via pumps it is often advisable to keep the 
delivery pressure constant. This can be achieved with an electronic 
pressure measuring instrument and an electronic controller. The 
pressure measuring instrument sends the measured pressure value 
to the controller. The controller checks whether and to what extent 
the current pressure (actual value) deviates from the nominal pressure 
(nominal value) and reports this to the pump controller. Depending 
on the pressure deviation, the controller adjusts the drive power in 
such a way that the actual pressure value once more approximates 
the nominal pressure value. This offers not only efficient control of 
the process, but also enables energy-efficient operation since the 
drive power of the pump is continually adjusted to the actual demand.

Control of a defined pressure profile

An electronic pressure measuring instrument and an electronic 
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controller can also be used to ensure operation corresponding to a 
defined pressure profile, its monitoring and, if necessary, recording. 
A typical example is autofrettage, during which the pipes are pres-
surised to a defined multiple of their permitted operating pressure. 
This intentional overpressure leads to a partial plasticity and thus to 
an intentional compression of the pipeline material, thus allowing 
the pipelines to withstand pressure spikes better. In this application 
the pressure profile must be controlled accurately and the achieve-
ment of the defined pressure values must be reliably documented. 
Since very high pressure values (of up to several thousand bar) must 
be measured repeatedly with constant accuracy, especially high 
demands are placed on the pressure measuring instruments used 
in such applications.

Indirect measurement of process values

Indirect force measurement

According to INSERT EQUATION 1 it is possible to determine the force 
generating the pressure by measuring this pressure, provided the 
geometry is known. An example is given in Figure 2  which shows lift-
ing hydraulics with two movable pistons, each with different surface 
areas in contact with the hydraulic oil. If the smaller piston moves 
downwards with a force F1, the larger piston pushes upwards with 
a greater force F2 since the pressure in the liquid remains constant.

Figure 2: Hydraulic principle.

One of the most typical pressure measurement tasks in hydraulic 
systems is overload monitoring on lifting gear, clamping devices or 
tools. If, for example, a crane lifts a load, the pressure required to 
generate the counteracting force in the hydraulic liquid increases. 
If the maximum permitted load is exceeded, the pressure will also 
consequently exceed the set upper limit value. In this way it is possible 
to detect the load torque limit on the basis of the measured pressure 
in the hydraulic fluid.

Many hydraulic applications are present in mobile hydraulics 
(see Figure 3), for example, in construction machinery, agricultural 
vehicles, lifting platforms or forklifts. Pressure measuring instru-

ments used in such applications must often withstand very high 
operational shock and vibration loads; they must also have especially 
high electromagnetic interference immunity. Furthermore, they must 
withstand extreme climatic conditions during outdoor operation. 
Since such machines often need cleaning using high-pressure steam 
cleaners, they must remain leak-tight from all sides, even under high 
jet pressures. In addition, they must be resistant not only to hydraulic 
oil, but also against many other media, such as dust, mud and fuel.

Figure 3: Pressure measuring instruments in the mobile hydraulics industry 
must be suitable even for harsh operating conditions.

Especially high demands are placed on the control of a hydraulic press 
via indirect force measurement of the hydraulics. A predefined force 
profile must be maintained for every pressing cycle. An electronic 
pressure measuring instrument can be used to monitor and control 
this profile.

Indirect level measurement

The hydrostatic pressure under a static liquid column increases 
proportionally with the height of the column. Thus, for example, the 
pressure in a water tank becomes 100 mbar higher, compared to the 
effective atmospheric pressure on the water surface, with every metre 
of water depth (see Figure 4).

Figure 4: Functional correlation between water pressure and depth.
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Electronic pressure measuring instruments are used for indirect 
level measurement if the level of the tank must be monitored; for 
example to avoid completely emptying the tank or if it is necessary 
to continuously monitor the consumption of the tank contents. De-
pending on the application, either a level probe is submersed into the 
tank or a pressure measuring instrument is attached to the bottom of 
the exterior of the tank and exposed to pressure of the tank contents 
through an opening in the bottom of the tank (see Figure 5). 

Figure 5: Level measuring options at a tank.

If the tank is not vented, or if it is under higher pressure, it is necessary 
to measure the pressure prevailing on the surface of the liquid in the 
tank and to take this into account when determining the hydrostatic 
pressure. This can be carried out in two ways: either by using two 
independent pressure measuring instruments and then generating 
the pressure differential in the downstream control unit, or by using 
special differential pressure measuring instruments with two process 
connections designed for this application.

(Re-)Filling of the tank can also be carried out automatically by 
means of an electronic pressure switch. For this purpose it is nec-
essary to define two states – ‘tank is full’ and ‘tank is empty’ – and 
switch on/off the supply pump using the switch contacts depending 
on the reported state. Continuous level control using an integrated 
analogue output or the digital indication on the electronic pressure 
switch are an additional benefit.

Electronic pressure measuring instruments for level measure-
ment are characterised above all by their resistance to the pressure 
medium and their mostly relatively small pressure range. A further 
requirement for level probes (due to their continuous submersion) 
is that the medium must not enter neither the cable nor the probe 
itself, even at submersion depths of several hundreds of metres. In 
explosion-protected applications, for example, in bore holes for oil 
and gas exploration or in refineries and chemical industry plants, 
the measuring instrument must above all correspond to the required 
explosion protection type. For use in wells, shafts and bore holes, 
the design must be as slim as possible and there are high demands 
regarding the robustness of the (mostly very long) cable.

Indirect temperature measurement

In air conditioning and refrigeration plants or heat pumps, pressure 
measurements are used for the indirect measurement and control of 

temperature. For example, they ensure that food on the refrigerated 
shelf or freezer remains cool.

In the evaporator of a refrigeration circuit (see Figure 6), the 
cold, liquid refrigerant absorbs the heat from the surroundings 
needing cooling. During the evaporation stage, it absorbs additional 
thermal energy from the surroundings − the evaporation enthalpy. 
This phase transition can be controlled very accurately by means of 
targeted depressurisation of the refrigerant under pressure in the 
expansion valve. 

Figure 6: Refrigeration circuit.

The cooling effect obtained can be controlled very accurately using 
the measured and controlled pressure. The evaporated and heated 
refrigerant is compressed again through a compressor which makes 
its temperature and pressure rise again. With pressure transmitters, it 
is possible to determine the pressure in the refrigerant circuit exactly, 
and to control the expansion valve and the compressor systematically. 
The measured pressure also allows conclusions to be drawn on the 
phase state of the refrigerant. Since liquid refrigerant can damage 
the compressor, it is necessary to ensure that it is still gaseous prior 
to compression. In this instance, pressure measurement also takes 
on an important safety function. 

As soon as the compressed and hot refrigerant is in the com-
pressor, it starts releasing thermal energy into the environment and 
thus becomes liquid again. In large refrigeration systems a ventila-
tor speeds up the condensation. If the pressure, and indirectly the 
temperature, is measured in the condenser, the ventilator power can 
be adjusted exactly to the corresponding requirements. This demand-
oriented ventilator control leads to significant energy savings. The use 
of pressure transmitters in the refrigeration circuit allows both better 
control of the process and significant energy savings.

The measuring instruments used should be, on the one hand, 
resistant against all common refrigerants and, on the other hand, 
they must measure with high accuracy despite the extraordinary 
temperature conditions. Upstream of the compressor the temperature 
may reach –40°C and downstream of the compressor up to +100°C. 
This accuracy is needed in order to enable very accurate control of 
depressurisation of the refrigerant in the evaporator. However, in the 
future, the use of new refrigerants could lead to much higher demands 
related to the operating temperatures and the pressure range.
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Criteria for the instrument selection

Except for special designs and models which are specifically for par-
ticular applications, pressure measuring instruments are generally 
available in many variants, which differ from each other with regard 
to their pressure range, pressure connection, electrical connection, 
output signal and measuring accuracy in particular. The selection of 
a pressure measuring instrument suitable for a specific application is 
therefore a complex process. This chapter provides an overview of the 
most important specifications for pressure measuring instruments.

Pressure range

The pressure range specified in the data sheet of a pressure measur-
ing instrument defines the limits within which the pressure can be 
measured or monitored. Essential for the specification of the pres-
sure range are the lower and upper limits of the pressure range (see 
Figure 7) and whether it is absolute or gauge pressure. The accuracy 
data specified in the data sheet applies within the pressure range.

Pressure ranges specified in the data sheet which are under and 
over the limits of the pressure range are referred to as overpressure 
ranges. Pressures within the overpressure range will not cause any 
permanent damage to the sensor; however, the measuring error 
limits specified in the data sheet may be exceeded. Only pressure 
values above the overpressure limit, ie known as the destructive 
range, can lead to irreversible damage of the measuring instrument. 
It does not matter whether this pressure is present constantly or 
only for a short period of time. Once the specified burst pressure 
has been exceeded, the complete destruction of the parts exposed 
to the pressure and the sudden release of the pressure medium can 
be expected. Therefore, these operating conditions must always be 
avoided through careful design.

Figure 7: Measuring range, overpressure ranges and destructive range.

Special attention is required in the event of pressure spikes in the 
case of dynamic pressure elements. They are caused, for example, by 
the switching on and off of a pump, the connection or disconnection 
of a hydraulic system and, in particular, by the opening and closing of 
the fast-acting valves in fluid flows. These pressure surges can reach 
a multiple of the operating pressure. This effect sometimes occurs in 
households if a tap is turned off quickly. It is known, technically, as 
water hammer. The pressure wave developed propagates through 
the entire system and leads to extremely high loads, and often to the 

overload of the sensors. Pressure spikes in the destructive range can 
even cause the sensor element to burst. Therefore, they represent 
a safety hazard and must always be considered when designing the 
plant. Common ways to reduce pressure spikes are to use throttles 
in the pressure port and EDM drillings. Such restrictions prevent the 
uninhibited propagation of a pressure wave by reflecting much of it.

Extremely high pressure spikes can be caused by cavitation 
and the micro-diesel effect. Cavitation is generally described as the 
formation and implosive dissolution of hollow spaces in liquids 
due to pressure variations. The resulting short-term pressure and 
temperature peaks can even lead to material removal on metallic 
components. If, due to cavitation, small bubbles consisting of a 
combustible air-hydrocarbon mixture are formed, these can burn due 
to local spontaneous self-ignition during pressure increase − this is 
known as the micro-diesel effect. If no special measures are taken, 
the pressure wave resulting from a micro-explosion can cause seri-
ous pressure spikes in the hydraulic system and, as a consequence, 
lead to the destruction of components. Due to the design-based and 
the desired sensitivity of the pressure sensors, it is necessary either 
to effectively prevent these effects or to ensure the sensors are suit-
ably protected from the impacts of these effects. Those electronic 
pressure measuring instruments designed specifically for hazardous 
applications have protective mechanisms built-in, eg the previously 
mentioned EDM drillings, specially designed throttle elements or 
specialised baffle and deflector plates within the pressure port.

Pressure connection

The pressure connection, also frequently referred to as the process 
connection, is used to channel the pressure medium to the sensor. 
Almost all pressure connections have a standard thread and can 
therefore be screwed in at the measuring point without problems.

Leading manufacturers often provide a multitude of different pres-
sure connections for their pressure measuring instruments in order to 
meet the various requirements of the widest range of industries and 
applications, as well as regional and national standards.

Internal and flush diaphragms

There is a differentiation between pressure connections with an 
internal diaphragm and connections with a flush diaphragm. In proc-
ess connections with an internal diaphragm the pressure medium 
directly contacts the sensor diaphragm through the pressure port 
(See Figure 8 top). In process connections with a flush diaphragm the 
pressure port is itself closed flush, using an additional stainless-steel 
diaphragm. A transmission fluid transmits the pressure up to the in-
ternal sensor diaphragm (see Figure 8 bottom). Pressure connections 
with internal diaphragms and a pressure port are easier to handle and 
cheaper to manufacture than those with a flush diaphragm. 

They are primarily used with gaseous and liquid pressure media. 
For all pressure media that can clog or damage the pressure port (for 
example crystalline, viscous, aggressive, adhesive or abrasive media), 
use of a flush diaphragm is recommended. Also, if the application 
requires residue-free cleaning of the pressure connection, the flush 
diaphragm should be preferred to the internal diaphragm.
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Figure 8: Internal (top) and flush (bottom) diaphragm.

Thread

In order to enable the simultaneous screwing in and sealing of the 
measuring instrument seal at the measuring point, the pressure 
connections are usually designed with a thread. Different threads 
are commonly used worldwide (Table 1). Generally, both male and 
female threads are common.

Seal

The sealing concepts are as diverse as the threads. Some threads 
are self-sealing, for example taper threads. On the other hand, 
other threads require an additional seal. For this there are different 
application-specific and regional solutions. The most common for 
parallel threads are sealing behind the thread (ie between the thread 
and the case) or sealing in front of the thread by means of a metallic 
spigot (see Figure 9). 

Electrical connection

The electrical connection of an electronic pressure measuring instru-
ment is implemented using either a standard plug-in connector or 
using a cable output (see Figure 10). The nature of the connection 
has a considerable influence on the IP rating of the instrument and 
often limits the permissible ambient temperature range and the 
resistance of the instrument to aggressive media or environmental 
influences (eg UV radiation). To ensure the reliability of the electri-
cal connection in the application, it is necessary to know exactly the 
specific installation conditions and to consider them when selecting 
the electrical connection. For plug-in systems, one must above all 
bear in mind that the mating plug (selected by the user) and the entire 
associated cable entry forms an integral part of the sealing system 
for the instrument case.

Figure 10: Various electrical connections.

Output signals

The output signal of an electronic pressure measuring instrument is 
generally an analogue voltage or current signal. It is transmitted to a 
control unit connected downstream of the instrument. However, pres-
sure measuring instruments are also available with digital outputs. 
With the exception of switching output signals, which are, strictly 
speaking, already a digital signal, the output signal should be as 
proportional as possible to the pressure.

For this purpose, the sensor must first of all generate a meas-
urable sensor signal proportional to the pressure. To achieve this, 
the resistors in the measuring instrument with strain gauges on the 
sensor are wired to a Wheatstone measuring bridge. In pressure 
transmitters, process transmitters and pressure switches with an 
analogue output signal, low level sensor signals are amplified, filtered 
and standardised through the electronic components. The result is a 
standard industrial signal which is used as an output signal. The most 
important output signals are described briefly below.

Standard analogue output signal

The most common output signal in pressure measurement technol-
ogy is the analogue output signal. Commonly used are the current 
signal 4 … 20 mA and the voltage signals 0 … 5 V, 0 … 10 V and 1 … 
5 V. In comparison to voltage signals, the advantages of the current 
signals are a much lower sensitivity to electromagnetic interference 
and automatic compensation of conduction losses by the current loop. 

Threads Short symbol Region / Country

Parallel pipe threads G Western Europe

Self-sealing pipe threads NPT North America

Fine threads UNF North America

Metric threads M Eastern Europe and Russia

Conical Whitworth pipe 

threads

R or PT Asia

Table 1: Overview of threads.

Figure 9: Sealing between thread and housing (left); sealing with metal 
spigot (right).
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The elevated zero point of the 4 … 20 mA current signal and likewise 
with the 1 … 5 V voltage signal also enables cable break detection 
and instrument fault detection.

The 4 … 20 mA output signal is commonly transmitted using 
2-wire technology, which enables the sensor to source its supply en-
ergy directly from the current loop. The other analogue signals require 
a 3-wire connection that uses the third lead for the power supply.

Ratiometric output signals

The analogue output signals which are easiest to generate are those 
which are proportional to the supply voltage, where the zero point 
and final value represent a constant percentage of the sensor supply 
voltage. Thus, for example the 10-90 signal has a zero point which is 
10% of the supply voltage and a final value which is 90%. If the sup-
ply voltage decreases by 5%, then the absolute analogue signal also 
decreases by 5%. Thus, the ratio of the output signal to the supply 
voltage remains the same.

These sensors are often operated with a (reduced) supply voltage 
of 5 V. The 10-90 signal is then specified in the data sheets as ‘0.5 … 
4.5 V ratiometric’. This is the most common ratiometric output signal.

Digital output signal

Basically, the transmission of digital output signals offers the possibil-
ity of communication with the pressure measuring instrument via a 
fieldbus system, so operating data and parameters can be exchanged. 
However, both processes are of minor importance in industrial pres-
sure measurement technology. Therefore, electronic pressure meas-
uring instruments with a connection to CANbus or PROFIBUS-DP play 
a minor role in industrial applications at the moment.

Digital communication modulated on an analogue output signal 
(for example using HART on a standard 4 … 20 mA signal) is also 
only established for pressure measuring instruments in certain 
areas. The reasons for this are above all the much higher costs of 
the pressure measuring instrument and the associated peripherals, 
the elaborate integration of the instruments as a result of additional 
control software and the (relatively) low extra benefit. Since, basi-
cally, additional configuration of the bus for the pressure measuring 
instrument is needed, and the diagnosis of a faulty digital connection 
is much more elaborate than for an analogue connection, for many 
applications the advantages of a potentially more accurate measured 
value do not outweigh the additional costs.

Characteristic curve, accuracy and measuring error

The characteristic curve of an instrument reflects the functional de-
pendency of the output signal on the input signal. Ideally, the output 
signal of an electronic pressure measuring instrument changes with 
pressure in a linear manner. Thus, the ideal characteristic curve is 
a straight line. The measured (ie the actual) characteristic curve is, 
however, not an exact straight line. Even at the start and end point 
of the pressure range the output signal can deviate from the corre-
sponding ideal values (see Figure 11).

The deviation of the actual characteristic curve from the ideal 
one is often referred to as ‘accuracy’. However, this term is not de-
fined in any standard. Instead, other values are taken to determine 

the measuring errors. The measuring errors are usually given as a 
percentage of the span. The span is the difference between the end 
and start value of the output signal. Thus, for the standard 4 … 20 
mA signal, the span is 16 mA.

Maximum measuring error

The measuring error includes all relevant errors at a constant tem-
perature (eg reference temperature), such as non-linearity, hysteresis, 
zero offset and span error. It can be determined directly from the 
characteristic curve. If the pressure measuring instrument is operated 
at this temperature, then the maximum measuring error is the maxi-
mum error with which the pressure can be measured (see Figure 12).

Figure 12: Measuring error at a defined temperature.

Non-linearity

The measuring error, referred to as non-linearity, is defined as the larg-
est possible positive or negative deviation of the actual characteristic 
curve from the reference straight line. There are different methods to 
determine the reference straight line. The two most common are the 
terminal method and the best-fit straight line method (see Figure 13). 
In the case of the terminal method, the reference straight line passes 
the start and end point of the measured characteristic curve. In the 
case of the best-fit straight line method, the reference straight line (in 
data sheets often referred to as BFSL) is positioned in relation to the 
measured characteristic curve in such a way that the sum of squares 
of the deviations is minimal.

If one compares both methods with each other, the terminal 
method usually provides twice as large a deviation as the best-fit 

Figure 11: Ideal and actual characteristic curves.
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straight line method. A comparison of the non-linearity of electronic 
pressure measuring instruments from different manufacturers is, 
therefore, only representative provided the non-linearity is deter-
mined using the same method.
The non-linearity is a basic characteristic of the sensor system used. 
If necessary, it can be minimised electronically by the manufacturer.

Hysteresis
If the characteristic curve of a measuring instrument is recorded 
with steadily increasing pressure and then with steadily decreasing 
pressure, it can be observed that the output signals for identical 
pressures do not match exactly. The maximum deviation between 
the increasing and decreasing characteristic curve is referred to as 
the hysteresis (see Figure 14).

The hysteresis depends on the elastic properties of the sensor 
material and the design principle of the sensor. It cannot be compen-
sated through any technical measures (eg by adjustment).

Figure 14: Hysteresis.

Zero offset and span error

The actual zero and end point of the output signal can deviate from 
the ideal zero point and end point. 

The zero offset and span errors are the differences in value be-
tween the ideal and the actual values of the zero point and end point 
of the output signal. 

The zero offset and the span error must always be considered 
independently when assessing the measuring accuracy (see Figure 

15). In extreme cases, both can provide the same preceding sign and 
produce the maximum permitted error value in the same pressure 

measuring instrument.

Figure 15: Zero offset and span error.

Non-repeatability

Like other technical systems, electronic pressure measuring instru-
ments are also exposed to stochastic influences, ie random influences. 
Therefore, the output signal for the same pressure values in the case 
of successive measurements is not always exactly the same, even if 
the measurements are conducted under identical conditions.

This measuring error, referred to as non-repeatability, is given 
as the greatest deviation during three successive pressure measure-
ments under identical conditions and thus is the value of the differ-
ence between the largest and the smallest measured output signal. 
Therefore, a small non-repeatability is a basic requirement of each 
reliable sensor system with a defined accuracy.

Temperature error

Every change in temperature directly influences the measurement-
related properties of the electronic pressure measuring instrument. 
Thus, with rising temperature the electrical resistance of metals 
increases and the piezo-resistive resistance of the semiconductors 
decreases. Most materials expand when they are heated. This and 
other effects cause inevitable measuring errors as a result of tem-
perature changes.

To prevent these temperature errors, the manufacturers of elec-
tronic pressure measuring instruments take a number of measures 
relating to both the sensor system and the associated electronics. 
Thus, the sensor design (materials and geometry) is basically opti-
mised to achieve a balanced thermal behaviour in order to be able to 
minimise the non-linearities and discontinuous behaviour. Remaining 
errors, inevitable due to residual tolerances, are systematic tempera-
ture errors and can be reduced during the manufacturing process 
or by means of suitable on-board digital processing − the keyword 
here is ‘smart sensor’.

The compensation of temperature-related measuring errors dur-
ing the manufacturing process is carried out either directly on the 
sensor and/or in the associated electronics. For example, it is possible 
to perform laser trimming of the measuring bridge. 

To perform the compensation of the entire system, consisting of 
the sensor and electronics, the accuracy of the sensor module (or even 

Figure 13: Determination of the non-linearity according to termi-
nal method and best-fit straight line method.
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of the entire pressure measuring instrument) at different temperatures 
is compared to reference instruments (calibration). If necessary, it 
is adjusted electronically or, using a specific PCB assembly, via the 
corresponding compensation resistors.

Figure 16: Temperature coefficient and temperature error band.

Precision measuring instruments often have an additional tempera-
ture sensor integrated into the case and related programmed logic 
that compensates the temperature error directly within the instrument. 
This procedure is often called ‘active temperature compensation’.

In spite of all compensation measures a small temperature error 
will still remain. This error is specified either as a temperature coef-
ficient or as temperature error range. 

If the manufacturer defines a temperature coefficient, a (linear) 
error is assumed in relation to a reference point (eg room tempera-
ture). At this point the temperature error is minimum, and it increases 
with increasing difference from the reference point with the specified 
coefficient in a linear manner (see Figure 16). 

The sum of the zero temperature error and the span temperature 
error gives the maximum total temperature error. If the temperature 
error is given in the form of an error band as an alternative, the maxi-
mum temperature error present within the temperature compensated 
pressure range defines the scope of the error band.

Long-term stability

By design the characteristic curve of a pressure measuring instrument 
is not constant during its entire service life; it can change slightly 
over time due to mechanical (pressure change) and, above all, due 
to thermal influences. This creeping change is referred to as the long-
term stability or also as long-term drift.

As a rule the long-term stability is determined by laboratory test-
ing. However, since the testing procedures for different manufacturers 
can differ significantly, information on long-term stability should not 
be compared. In addition, simulations always work with reference 
conditions as a basis. 

The actual long-term stability under operational conditions can, 
therefore, differ significantly from the one specified in the data sheet. 
In spite of the described limitations of its validity, long-term stability 
is still considered to be an important characteristic for measuring 
instrument quality.

Accuracy data

The accuracy data are determined statistically since the measur-

ing errors include both a systematic and a random element. It is 
necessary to distinguish between the measuring errors specified as 
‘maximum’ and ‘typical’. For a maximum error it is to be expected 
that no single instrument has a greater error than that specified. In 
fact, the majority of the delivered product should actually have a 
considerably smaller error.

Figure 17: Gaussian distribution of accuracies.

If an electronic pressure measuring instrument is developed thor-
oughly and manufactured soundly with sufficient process control, it 
can be assumed that the spread of the measuring error adheres to 
the normal distribution. 

A ‘maximum’ error in this case corresponds to the expected 
value of the error plus or minus three times its standard deviation 
(3σ). This will include more than 99% of all units (See Figure 17). If 
an error is given with the description ‘typ.’, which stands for typical, 
it is to be expected that not every single instrument complies with 
this accuracy data. 

Many manufacturers do not specify what share of the supplied 
instruments has this typical accuracy. However, it can be assumed 
that the typical accuracy corresponds to the expected value of the 
error plus or minus the simple standard deviation (1σ). This then 
includes approx. 68% of all units. In the extreme case, this may mean 
that an individual instrument has a measuring error three times the 
specified typical error.

Error minimisation during operation

With the exception of the hysteresis and the non-repeatability, the 
measuring errors of individual units can be minimised or even elimi-
nated during operation by the corresponding measures.

The zero offset can be compensated by the user as an offset in the 
evaluation instrument and thus almost completely eliminated. For a 
pressure range starting at 0 bar relative, this can easily be determined 
and ‘tared’ in the depressurised state. Detection of the span error is 
complicated for the user since for this, it is necessary to achieve the 
exact full-scale pressure for the pressure range or even the exact 
pressure at the desired working point. In practice, problems usually 
occur due to the absence of a sufficient reference.

The non-linearity of an individual unit can also be minimised by 
calculating the deviation in the downstream electronics at several refer-
ence points. For this purpose it is also necessary to use a high-accuracy 
standard. In some applications, the measured value can be compared 
to the expected value using other process parameters or the vapour 
pressure curve of the pressure medium and corrected correspondingly.
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Conclusion

The accurate measurement of pressure forms the basis of the safe and 
economical performance of many processes. Development of modern 
and reliable pressure measuring instruments and pressure sensors 
manufactured in large numbers has made many new production proc-
esses possible, for example special forming processes (hydroforming) 
for exhaust gas purification systems, high-pressure pasteurisation 
of food, energy-saving control of compressors and pumps, control 
of system pressures in electronic brake force control or accurate 
control of fuel injection. Nevertheless, there are still many processes 
nowadays where far too often pressure is generated that significantly 
exceeds the required value for the optimum operation. The experts 
estimate that over 90% of the compressors in air conditioning and 
refrigerating plants worldwide are operated without accurate pressure 
measurement, ie uneconomically. The majority of compressors for 
compressed air production and pumps for water supply are equipped 
with simple pressure switches instead of pressure control systems 
oriented to the requirements. There are more and more attempts to 
achieve higher energy efficiency and therefore every day more and 
more applications for electronic pressure measurement technology.

The leading manufacturers of pressure measuring instruments 
and pressure sensors invest constantly in development to make the 
technology safer, more reliable and more economical. They do this 
in the belief that this technology will make a significant contribution 
to safety and resource savings.
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