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Novel approach to displacement measurement for hydraulic cylinders eliminates need for costly drilling
Two companies have developed a completely new approach to measuring the displacement of hydraulic cylinders. By integrating a draw-wire displacement sensor inside the cylinder, piston rods no longer have to be deep bore drilled using specialist equipment, irrespective of cylinder stroke length, says Thomas Birchinger, Product Manager Draw-Wire Sensors at Micro-Epsilon.

Traditionally, there are three different methods of measuring the stroke movements of hydraulic cylinders. If displacement measurement has already been considered at the design stage, a magnetostrictive sensor can be integrated in the cylinder itself.

Alternatively, if the sensor needs to be fitted to the outside of the cylinder or retrofitted to the outside of the cylinder, draw-wire sensors, magnetic or optical measuring rods, or tape measures can be used to measure the displacement.

Previous Methods

Magnetostrictive sensors are designed so that the measuring element is in a tubular sensor housing. This is always somewhat longer than the respective measuring range. The evaluation electronics are located on or at the base of the cylinder at the rear end of the sensor. For magnetostrictive sensors, a magnet inside the piston is used as the position transmitter.

As these sensors are designed to be pressure-proof, they can be integrated in the cylinder. Modifying the sensor for the application, by adjusting the bar length for example, is usually straightforward. However, a bore in the piston rod is required for the sensor tube to be immersed in. The greater the stroke movement of the cylinder, the deeper this bore has to be. In the case of large sized cylinders, for example in sluice gates, this means that a bore size of around one metre may be necessary. Vertically boring a cylinder piston in this size range and without tilting is a major challenge.

Rather than an integrated displacement measurement, a draw-wire sensor can be mounted on the outside of the cylinder. This method can be easily achieved, providing measuring ranges of up to a few metres if required. However, in harsh environments in which cylinders are frequently used, the draw-wire sensor can only be used with caution, since dirt and mechanical loads may destroy the sensor over the long term. This limitation also applies if optical or magnetic measuring rods are used. Here, the measuring rod is also installed on the outside of the cylinder. A grid applied to the bar is scanned optically or inductively. As this sensor is also outside on the cylinder, it is susceptible to dirt, dust and soiling.

Due to these limitations , two German companies, Sensor-Technik Wiedemann and Micro-Epsilon have developed a novel alternative solution.

Integrated Draw-Wire Sensors

During the development stage, particular attention was paid to the sensor being suitable for harsh environments and that no significant extra costs would be incurred for integrating the sensor to larger sized cylinders.

This co-developed solution is based on the draw-wire sensor, which is integrated inside the cylinder. Here, the sensor is completely protected from external influences. The sensor is positioned at the bottom of the cylinder and the measuring wire is attached to the bottom of the piston. A particular challenge here was the design of the sensor and the signal routing to the outside, as a bore hole in the cylinder housing is always a weak point. With pressures of up to 600 bar in the cylinder, leakage is a risk that must be prevented.

As well as the housing, the critical elements of a conventional draw-wire sensor are the spring, the drum, the measuring wire and a protractor used as the sensing element. A housing for the sensor can be dispensed with in this application, as the cylinder takes over this function.

Each movement of the piston causes a rotation of the wire drum. The rotation movement is divided using a gearbox onto two shafts with different rotational speeds. A magnet is positioned on each shaft at the bottom of the cylinder, whose positions can be measured by external, magnetic angle sensors. Using a suitable gearbox, each combination of the magnet positions only occurs once across the complete measuring range. The sensor therefore shows the characteristics of an absolute encoder. Micro-Epsilon was able to contribute much expertise in developing the design of the sensor and function of a draw-wire sensor.

Non-Contact Signal Transmission

Due to the high pressures present, the cylinder walls must be constructed from relatively thick metal. A magnetic signal transmission through these thick walls is not suitable for measurement requirements. Due to Sensor-Technik Wiedemann’s experience in pressure measurement technology, a solution was found for this without having to weaken the cylinder design. At those points where the two gear shafts reach the bottom of the cylinder, the steel is tapered and a special membrane is welded on. Using this membrane, a magnetic signal can be transmitted with sufficient quality. Using FEM calculations, the minimum possible wall thickness was determined.

The electronics on the outside were designed to be extremely flat and can easily be attached to the bottom of the cylinder. The electronics are available with cabling or connector output. 4–20mA or a CAN interface are also provided as output options.

Application Areas

Due to the draw-wire sensor, the system can easily be adapted to different cylinder lengths and diameters and to a diverse range of operating conditions.

Micro-Epsilon’s latest wireSENSOR WDS-TZ10 is ideal for cylinders that have a lifting height between 0.5m up to 15m. The lubricating oil in the cylinder surrounds the draw-wire sensor. This functions as a  lubricator for the sensor, providing a longer service life. This method is also suitable for cylinders without piston rods due to the hooking of the measuring wire. Cylinders with this type of displacement measurement are ideally suited to harsh environments and in mobile construction machinery and off highway vehicles. For short cylinder strokes, the TZ10 can be used with the magnetostrictive method.

For more information on Micro-Epsilon’s range of draw-wire displacement sensors, please visit www.micro-epsilon.co.uk or email: chris.jones@micro-epsilon.co.uk 
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Note to Editors: Micro-Epsilon (www.micro-epsilon.co.uk) is a major global manufacturer of sensors, headquartered in Germany. The company’s range of displacement sensors measure everything from to distance, position, vibration, dimensions and thickness, using both contact and non-contact measurement techniques. These techniques include 1D, 2D and even 3D laser-optical sensors and systems, eddy-current, capacitive, LVDT & inductive, potentiometric and draw-wire principles.  Additionally Micro Epsilon has developed its own range of non-contact infrared temperature sensors that can measure virtually any target temperature from -40 to +3,300°C.

With more than 30 years’ experience in the industry, Micro-Epsilon isn’t just a sensor manufacturer. The company is highly innovative and understands the importance of providing complete solutions and support services for its customers. The firm is renowned for its expertise in consulting, development and application of industrial sensors to complex, customer-specific solutions for measurement, inspection and automation. The focus is on selling technical advantage to its customers.       
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