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When the Going Gets Tough! 

Pressure and temperature measurement in mobile machines 

 

In Germany the hydraulics sector has an annual turnover of around 4.4 billion 
euro and employs around 22,000 people. Almost half of the turnover is 
generated in the mobile machinery sector (i.e. with construction vehicles or in 
materials handling equipment and agricultural machinery). The range of 
possible applications is enormous. Bucket-wheel excavators for surface 
mining weigh more than 13,000 metric tons and can shift up to 240,000 metric 
tons of material per day. An average excavator, which is used in road 
construction for example, weighs a maximum of 20 metric tons. And yet both 
machines work according to the same functional principles. Hydraulics play an 
important role in this. The sensors utilized for measuring pressure and 
temperature are, as a rule, identical – as remarkable as this may seem due to 
the difference in size. 

In mobile controls, a differentiation can generally be made between two 
hydraulic circuits. Closed circuits are often found in traction or winch drives 
and comprise a motor, a pump, and connecting lines. The disadvantage: for 
every new task, an additional circuit is required. In the open circuit, the 
required oil is therefore pumped from a central tank into a line where it is 
transferred to various consumers via directional control valves. 

 

 

Fig. 1 - 3: Mobile machines 

 

Danger due to pressure peaks 
It is clear that the technology utilized for measuring oil pressure in and at 
hydraulic systems is subjected to particularly demanding requirements. 
Pollutants, vibrations, and large temperature fluctuations are only some of the 
factors which cause stress to sensors. Added to these are restricted 
installation situations and the pressure peaks with which users are familiar. 
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These can occur when, for example, a valve is suddenly closed and a pipeline 
is therefore completely shut off. In this case, the moving liquid column is 
abruptly decelerated to zero. A pressure wave is created which passes 
through the medium against the direction of flow at the speed of sound. This 
excess pressure can be several times higher than the operating pressure and 
can therefore result in the destruction of standard industrial sensors. In the 
worst case, hydraulic oil can even leak, resulting in considerable damage to 
the environment. 

Pressure measurement technology plays its part in ensuring safe operation 
due to the use of a choke in the pressure channel of the pressure transmitter 
along with corresponding sensor elements. This prevents outages due to 
cavitation (formation of air in the hydraulic system).  

 

  

Fig. 4: Sectional view and CAD drawing with an integrated choke in the 
pressure channel 

 

Reliable pressure and temperature measurement 
With the MIDAS H20 HP, the measurement and control technology 
manufacturer JUMO has developed a pressure transmitter which also 
provides this choke option. The welded sensor technology and the especially 
high bursting strength of at least 5 times the measuring range (for example 
more than 2000 bar @ 400 bar measuring range) provide additional protection 
against leakage of the measurement medium. The JUMO MIDAS H20 HP 
carries the ECE type approval required for mobile hydraulics and is available 
in protection types up to IP69K. This means that even high-pressure or steam 
jet cleaning, which are often used for construction machinery, are not a 
problem. In addition, the JUMO MIDAS H20 HP is extremely vibration and 
shock resistant in combination with a high rated insulation voltage of AC 
500 V. 
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The interior of the pressure transmitter features decades of tried-and-tested 
quality. A reliable thin film sensor and a sealless measuring system guarantee 
outstanding long-term stability and high levels of accuracy, even in fluctuating 
temperature conditions. The outstanding signal quality also enables use in 
applications with rapidly changing pressures. It does so without limitations in 
terms of quantization errors. Depending on the requirements, the default 
limitation of the start value and end value in the signal is possible. For 
example, this allows fault-free operation of the overall system in line with the 
individual application.  

Of special benefit to the user is the flexible product configuration according to 
specific requirements. The JUMO MIDAS H20 HP is available with standard 
electrical connections such as Deutsch DT, Metri-Pack, or AMP. Variants with 
different measuring ranges from 100 to 1000 bar relative pressure and for 
medium temperatures from -40 to +125 °C are available. Time-saving 
mounting with a socket wrench is also possible. 

As this complex technology is available in a compact design type as of 35 mm 
length, the JUMO MIDAS H20 HP is an optimal partner for mobile machines. 
With quick-opening and closing valves, the rapid response times and high 
level of dynamism also come into their own here. 

 

Fig. 5: The new JUMO MIDAS H20 HP pressure transmitter is impervious 
to pressure peaks. 

 

To ensure fault-free operation pressure and temperature must be monitored in 
mobile hydraulics, (e.g. the temperature of the gear oil). And yet the 
requirements for both measurement technology tasks are very similar. For 
temperature measurement under harsh operating conditions JUMO offers the 
tried-and-tested screw-in RTD temperature probes from the VIBROtemp 
series. Due to its vibration-resistant design which has been adapted to the 
requirements, the JUMO VIBROtemp achieves outstanding long-term stability 
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even at temperatures of up to 300 °C. Different plug connections are available 
to suit the specific application area. When plugged in, protection type IP67 / 
IP69 according to DIN EN 60529 / IP69K according to DIN 40050 is fulfilled. 
The protection tube is reduced to 4 mm, which enables short response times. 
The measuring insert is a Pt100 temperature sensor according to 
DIN EN 60751, class B in a two-wire circuit as standard. Versions with Pt500 
or Pt1000 as well as PTC or NTC temperature sensors are also possible. 

 

Fig. 6: VIBROtemp screw-in temperature probes are reliable partners in 
mobile machines 

 

Optimally networked 
The Controller Area Network (CAN) serial bus system has been the 
established communication standard in construction machinery for many years 
now. CAN was originally developed for the networking of electronic passenger 
vehicle control units. But the robust signal transmission and the reliability of 
the CAN protocol, with its fault-finding mechanisms, are also important 
features for mobile working equipment. This is why many mobile operating 
and driver environments are now equipped with a CANopen network.  

They can be either simple keyboards or driver's seats with integrated joysticks 
or complete vehicle cabs. The benefits for the user include reduced amounts 
of cabling, high system flexibility, and standardized communication protocols. 

JUMO's product range features both pressure transmitters and RTD 
temperature probes with the CAN bus system. In the CANtrans series 
products, measurement data is digitized, linearized, and made available via 
the CANopen protocol for further processing. A large number of additional 
useful functions are achieved with the DS 404 device profile. All settings can 
be made using standard CANopen software tools. 
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Fig. 7: Pressure transmitters and RTD temperature probes from the 
CANtrans series can be integrated problem-free in CANopen networks. 

 

Summary 
Measurement technology in mobile machines must be especially robust and 
reliable. In addition to the electronics and the corresponding signal quality, this 
also affects the mechanics in relation to protection types and vibrations. With 
standardized electrical connections, a link to further signal processing via the 
wiring harness is guaranteed. This enables a cost-effective option for the user 
to achieve the required sensor technology for the individual application. 
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