
Chapter 2 

Hardware development 

The following components have been selected for the development of the intended 

prototype for studying the muscle behavior. The prototype has a pneumatic muscle, 

pressure regulating valve, hall effect sensor and magnet, compressor and electronic 

control circuit. Those basic elements are discussed below. 

2.1 Pneumatic muscle 

Fluidic muscle is a tensile actuator which mimics natural muscular movement.. The 

contraction system is formed by a pressure-tight length of rubber tube, sheathed in 

high-strength fibers. The fibers create a three-dimensional grid structure. When 

pressure is applied, the pneumatic muscle expands in its radial direction, thus creating 

a tensile force and a contraction motion in the muscle 's longitudinal direction. 

As shown in the figure pneumatic muscle comes in various lengths and diameters. 

Here the prototype uses a pneumatic muscle with 20 cm length and 1 cm diameter. It 

can stand up to 400N load and the maximum safety pressure condition will be 6 bars. 

And it was an over pressure operating muscle. The muscle with above specifications 

is suitable enough for the research work. 
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Figure 2.1 Pneumatic muscles 
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2.2 Pressure regulator valve 

Figure 2.2 Pressure regulator valve 

Pressure regulator valve is used to regulate the input pressure to the system. There are 

two types of pressure regulator valves. The first one will be voltage variant type linear 

pressure regulator valve and with existing valve it can obtain 0 - 2 or 3 bar pressure 

variation. The other type is current variant type and it can handle 0 - 8 bars of pressure 

variation. 

Compared with the current variation type, the voltage variant type is easy to use. But 

according to our requirement, which is 0 - - 6 bars pressure variation; it is required to 

use a current variant type pressure regulator. The pressure regulator valve consists of 

an integrated inbuilt pressure sensor. The integrated pressure sensor records the 

pressure at the working air supply. The electronic controller compares the pressure 

value with the nominal value. An electrical signal is then transmitted proportional to 

the output pressure. If there is a deviation between nominal and actual values, the 

regulating valve will be activated until the output pressure is the same as the nominal 

value. 
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2.3 Hall effect sensor 

Figure 2.3 Hall effect sensor 

The hall effect sensor used here is small, versatile and a linear device which is 

operated by a magnetic field from a permanent magnet or an electromagnet. The 

linear sourcing output voltage is set by the supply voltage and varies proportionately 

to the strength of the magnetic field. Using serial communication with the computer 

the muscle contraction was observed (See Appendix A). The integrated circuitry 

features low noise output, which makes it unnecessary to use external filtering. It also 

includes thin film resistors to provide increased temperature stability and accuracy. 

The hall effect sensor has an operating temperature range of -40°C to 100 °C (See 

appendix B). 

2.4 Current control circuit 

Figure 2.4 Current control circuit 



The pressure regulator valve needs 4mA to 20mA current variation. For that purpose 

the above circuit diagram was developed. With the help of market available electronic 

circuitry items above circuit was developed to obtain 4mA to 18mA current variation. 

According to the above circuit diagram, it needs 0 to 5 V input voltage variation. Here 

a Digital Potentio meter (See Appendix C) and a microcontroller (See Appendix D) 

are used. The microcontroller was programmed (See Appendix E) according to our 

requirement then the current variation is observed to 4ma to 18mA approximately. 

2.5 Complete hardware assembly. 

When all the hardware parts assembled, the system will appear as follows. By 

applying various loads on the platform, muscle pressure, contraction and diameter 

variation is observed. To measure the muscle contraction in relation Hall Effect 

sensor output, a linear scale is used. 

Figure 2.5 Complete hardware assembly 
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