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                    Other factors that might affect speed include port sizes, inlet, and exhaust
 flow through control valves, and hose or tubing sizes — if they create 
 bot-tlenecks that restrict air flow to or from the cylinder. Likewise, air pressure
 that is barely capable of moving the load will hamper speed.


With any fixed combination of valve, cylinder, pressure, and load, it is
 usually necessary to have adjustable control over cylinder speed. Flow controls
 at the cylinder ports let users tune speed to their application.


For most applications, unidirectional flow regulators installed to restrict
 flow out of the cylinder and permit free flow in giving the best results. A
 regulator in the rod-end port controls extension speed, and one on the cap-end
 port controls retraction. [1]



1.4 State of the art


At present, there are three conventional methods of measuring the position of
 the piston in the cylinder: magnetostrictive, variable resistance, and variable
 inductance sensors.[5]


Drawback of a magnetostrictive method which uses a ring-shaped permanent
 magnet embedded in the piston is the cost, the need for drilling a small
 diameter blind hole into the internal end of the cylinder rod, so-called "gun
 drilling" because it looks like a gun barrel and also non-universality because
 most magnetostrictive-sensor manufacturers have own style of permanent
 magnet with proprietary mounting features, such the number of holes, the
 hole pattern, etc.


The disadvantage of a variable resistance (potentiometer-type) method
 is the need for insulated round carrier, which is attached to the internal
 end of the gun-drilled cylinder rod, they also undergo wear which limits
 service time, particularly if pneumatic or hydraulic cylinder works at high
 frequencies, or even more importantly, dithered over a short range to improve
 a system’s dynamic characteristics. Because a resistance pot is embedded
 into the cylinder, replacement of a worn-out pot can be time-consuming and
 expensive, and may even necessitate replacing the entire cylinder.


The drawback of the variable inductance method is the reliability issue
associated with the necessity of the drilling hole in the rod and necessary
fitting for the sensor, which resides inside the cylinder.



...
 1.4. State of the art
 What is the disadvantage of drilling holes? First of all, this is the mechanical
 intervention in the construction, which breaks the integrity of the cylinder,
 then the high cost, the need for specialized equipment, and reliability issues
 of sensor placement inside the piston rod.

Similar shortcomings have microwave displacement sensors.[6] Vision-based
 sensors[7] and incremental optical position sensors [8, 9] were also developed
 but they did not find their industrial application due to reliability problems.


Some systems use magnetic scale of a piston rod together with Hall sensors.


[10]


We replaced Hall sensors by integrated fluxgate sensors and measured
 the magnetic field as a function of the passage of the permanent magnet
 near the sensor for different distances as shown in Figure 1.5. It can be
 argued based on this results that the sensitivity of sensors can be changed
 by decreasing or increasing the distance to the magnet or by changing the
 size of the magnet. The disadvantages of the method in which a permanent
 magnet is used are influence of the external magnetic fields including those
 induced by DC currents and the need for non-magnetic stainless steel piston
 rod, which is expensive.


In this thesis, we will propose a new way of measuring the position of the
 piston in the pneumatic cylinder without permanent magnet by integrated
 fluxgate sensors that are more precise and more stable. These sensors provide
 with an internal compensation coil to support a high-accuracy sensing range
 of ±2 mT. The low-offset, the low crossfield error, that in our case has
 a significant meaning, offset drift ±5 nT /◦C, low gain drift and of course
 one of the main advantages is the low price (3$).[12] Fluxgate sensors have
 advantages over almost all characteristics in comparison with the sensors that
 are most commonly used in this field, namely, AMR, GMR and Hall sensors.


-80 -60 -40 -20 0 20 40 60


Figure 1.5: Measuring the position of the permanent magnet by integrated
fluxgate sensors DRV425



Chapter 2



Suggested new solution



2.1 Our design


In this work, we designed two magnetic methods for detecting piston in the
 pneumatic cylinder without a permanent magnet. Our technique is based
 on the magnetic properties of the iron piston rod, and the primary attribute
 that we use is the high permeability. The iron rod changes the magnetic field
 as it passes inside the cylinder, and we detect this change in the magnetic
 field using fluxgate sensors. The main thing is to use the magnetic field of
 the coils so that their field can penetrate inside the cylinder. To visualize the
 changes in the magnetic field caused by the iron rod, a FEM simulation was
 performed and results are shown in Figure 2.1.


Figure 2.1: Magnetic field vector: FEM simulation for 2 saddle coils - changes
 in the magnetic field caused by the iron rod,fexc=4Hz


The first method is using axial coil directly on the cylinder surface as a
field source (see Figure 3.5) and the second method is using two saddle coils
that are connected in series (see Figure 5.2). The serious problem is that our
barrel wall is electrically conducting and causes significant attenuation of the
magnetic field of the coil, so we need to find the correct excitation frequency


2. Suggested new solution 
...


of the coils so that the electromagnetic field penetrates into the pneumatic
 cylinder. It is evident that this frequency must be sufficiently small. All
 parameters including the length and diameter of the cylinder and piston
 rod, wall thickness, which we used in our model are close to real ones which
 were taken from the website of the company "Stransky a Petrzik" [11] that
 produces and develops pneumatic components. We used an aluminum tube
 as it has the same magnetic properties (mainly relative permeabilityµr=1),
 piston made of aluminum and piston rod made of steel. The dimensions of
 the parts are described in Table 2.1.


Part of the pneumatic cylinder Size (mm)


Pipe diameter 60


Table 2.1: Parameters of the experimental model
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