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Abstract: - In this paper, we discuss a new type of pressure sensing, significance of this approach and propose approaches for improving sensitivity, dimensions and accuracy. The goal of the project is the research of complex smart pressure sensor based on the new sensing system with galvanic fiber optic isolation including research and experimental validation of this new pressure sensing principle.

The objectives of the project of applied research are in new methods and technology of pressure sensors with galvanic isolation and function specimen of smart optical pressure sensor for explosive industrial environment and/or environment with high electromagnetic interference and very high precision and absolute resistance to electric and magnetic interference, with optional galvanic or wireless connection and its integration into the field of distributed sensors for computer processing and monitoring measured data in Internet.
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1   Introduction

Pressure sensor presents key technology for safety operating of different technical products, systems and technologies. They are founding wide recovery in medicine and in different experimental and developmental process and in diagnostic process etc. New presented trend is designing of so-called intelligent pressure sensor. Intelligent pressure sensors are composed of the electronic circuits and the passive parts, which are determined e.g. for linearization of sensor’s characteristics and decreasing its dependence on temperature and setting of measuring range, zero point etc. The most powerful pressure sensor contains microelectronic circuits, which enable to install the digital pressure gauge just in sensor and software-control starting of different electronic regulation (warning signal etc.) in according to the measured value. Special pressure sensors present sensors for explosive environment. Pressure is measured in a very wide range from 10-12 Pa for extreme vacuum until 1012 Pa at research pressure in explosion. In the widest class of pressure sensors there is used exactly defined deformation member, whose deviation or more precisely deformation is linearly adequate of applied pressure. This mechanical value is converted into an electrical digital signal. Used electric conversion method determines metrological and technical characteristic of the pressure sensor. 


Contemporary principles for transmission of mechanical changes to the deformation member on the electric signal are: 

· piezoresistent principle,

· inductive principle,

· capacitive principle,

· piezoelectric principle,

· termoelectrical principle,

· acoustic principle.

All of these principles have a large number of technological limitations, which defend a complex using of the pressure sensor in explosive environment.

Main goal of this project was to develop a new unique method for scanning deflection of deformation membrane and applying it in practical applications. The new method is based on the optical measuring system with optical fibres. Main advantages of this principle consists in excellent pressure sensitivity, galvanic isolating of whole sensor via optical fibre, very good accuracy of static and dynamic measuring, maximum immunity against electrical and magnetic interference and miniature size of resulting pressure sensor. Those attributes of pressure sensor based on optical sensing principle are optimal for using in explosive gas environment and in environment with high electromagnetic interference. 

This new pressure sensor opens new possibilities for application in very special cases in e.g. military or security applications without danger of electromagnetic tapping.
There are a lot of physical principles for optical sensing. The main used sensor type for optical scanning are:
· amplitude-optical beam sensor, 

· phase-optical beam sensor,

· polarization-optical beam sensor,

· frequency-optical beam sensor.

For our new optical sensor we decided to use amplitude-optical physical principle for good range to linearity ratio, small construction and simple receiving logic. We tested several method of sensing and several structures. The first type we tried to create is shown on Fig. 1. The main problem of this solution was creating lens or fibre ending under defined angle and small accuracy of this sensor. 
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Fig. 1: Block diagram of first type of optical pressure sensor capsule
The second type is shown on Fig. 2. This solution improves lot of manufacturing problems, but there were still problems with sensitivity and linearity. For better linearity we used another physical principle with discontinued fibre. For improving of sensitivity we used a very simple trick with nonlinear mask which was created on the end of transmitting fibre.
Main principle of this new pressure sensor you can see on the Fig. 3. This type of optical sensor is based on mechanical to optical conversion (pressure creates deflection of diagraphm). From this deflection results modulation index, which is generally defined by equation: 
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 - input optical power, p – applied pressure. For modulation index of sensor with discontinued fibre applies equation: 
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, x is mutual shift of fibres ending, a – average of optical fibre core, 
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- pulsatance of acoustical signal, 
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- acoustical impedance of diagraphm. After applying nonlinear optical mask we improve sensitivity and modulation index to:  
[image: image9.wmf]d

R

Q

A

w

2

=

, where d is period of mask.

2   Problem Formulation

There were several problems in this project. The main problem was developed unique pressure sensor capsule in new manufacturing technology, which was connected on (hybrid) chip type ASIC. This type of smart sensor allows us calibration directly by the consumer, i. e. with communication between sensor and computer directly or/and by the wireless connection way. It accelerates the measuring process and creates it more effective. The new solution of setting and calibrating of the measuring sensors range by user, provide us good accuracy of the measurement and low-cost running of these sensors. Introduced solution presents hi-end technology in the pressure sensing in the world, and extends possibilities of using the pressure sensor for explosive industrial environment. 

Objective problems contain developing of unique manufacturing technology, which enables:
· To produce or apply optimally design material for membrane with surface adjustment of suitable selected material and ideal relief and profile of reflecting surface.
· To develop acceptable technology of optical scanning and create optical sensor module with optimal optical fibre ending for achievement of ideal sensors property.
· To produce the pressure sensor capsule from ideal materials for use in explosive environment.

[image: image10.png]MEMBRANE

ENCIEEAEOEN]

'w_mz ABNWVALL

414 IO

iw_mz LASNRL

414 JANFOFY





Fig. 2: Block diagram of of second type of optical pressure sensor capsule
Partial problem was to develop appropriate software accessories for built-in drive intelligent sensor and for necessary operation at processing of measured signal as: correction of non-linear operating characteristics, compensation sensor’s errors (zero, maximum and drift), suppression of temperature influence and dithering of supply voltage or current, wireless interface of intelligent sensor, independence on distribution of electricity, integration of the pressure sensor to the measuring field of distributed sensor for computerized processing and displaying measured signal on Internet. It is presuming developing of new method of communication between sensors and automated measuring systems workplace through wireless communication and implementation it on internet for creating of unique measuring centre.
3   Problem Solution

This section introduces concepts and the related work on the subject of intelligent pressure sensor. An intelligent pressure gauge is a device that comprises in a compact small unit of the pressure sensor and ASIC (Application Specific Integrated Circuit) for signal conditioning, calibration, diagnostics and communication. 

The pressure sensor capsule is creates with optical sensing module, silicone or metal membrane, optical lens and optical fibres for connection on to ASIC module.
Measured data is evaluated and stored in computer for later compensation of sensor’s output characteristic by ASIC’s microcontroller software. That is the way how to improve sensor’s output characteristic and eliminate influence of nonlinearity, compensation sensor’s errors (zero, maximum and drift), suppression of temperature influence and dithering of supply voltage or current.
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Fig. 3: New type of pressure sensor
4   Conclusion

The new pressure sensor is composed of several different parts. We tested all of those parts independently on the rest of the sensor. The greatest benefit of the pressure sensor consists in new optical sensing module. Acquisition of this solution is in expected higher accuracy of pressure measuring, galvanic isolation of the resulting sensor compared to a classical sensor used in abroad and absolute endurance against external magnetic and electric interference. Next advantage is in zero emission of measuring optical signal into sensor’s surrounding environment and signal transmission ways. It makes this sensor’s attribute ideal against tapping. The next contribution of this solution with built-in intelligence is in possibility of adaptability pressure sensor for consumer requirements. Output characteristic and used materials guarantee excellent parameters for using this type of pressure sensor in industrial environment, explosive environment and environment with high electrical and magnetic interference. Very important for resulting of sensor’s accuracy and sensitivity is membrane. We tested only standard membrane surface and in the next time we will try to find optimal membrane surface profile and surface structure. The next goal in our project consists in improving membrane surface profile and structure and digital part of sensor’s supporting circuits.
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