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RESUMEN

Este trabajo pretende demostrar el diseño, construcción y prueba de un sistema optoelectrónico que mide cargas externas aplicadas a un elemento mecánico (celda de carga)1. Este dispositivo trabaja baja la acción de cargas externas y diferencial de voltaje al convertirlo a una señal digital. El principio de funcionamiento está relacionado con la variación del ángulo de incidencia de la señal de luz sobre un elemento electrónico sensible a la luz. La diferencia entre este método y otros métodos convencionales es precisamente que el elemento sensible no está expuesto directamente a las cargas de trabajo. Este prototipo representa un método alternativo para aplicaciones industriales.

Palabras Clave: Celda de carga, esfuerzo, galgas extensiométricas, instrumentación, técnicas de análisis experimental de esfuerzos.

ABSTRACT

This paper demonstrates the design, construction and test of an opto-electronic system that measures external loads applied to a mechanical element (load cell). This device works under the action of external loads and voltage differential to convert a digital signal. This function principle is related with the variation of the angle of incidence of the light signal on light sensitive electronic device.  This prototype represents an alternative method to industrial applications. 
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1. INTRODUCtion

Experimental stress analysis techniques are applied in the design criteria, improving the quality of the product in the weight and cost reduction. These pressures have forced the searching of tools and methods that reduce the time and costs test.

A load cell is a transducer that converts a physical load in an electrical signal (differential voltage). This conversion is obtained due to the physical deformation of strain – gauge are adhered in the mechanical element of the load cell and connected in a  Wheatstone bridge2 configuration . The load applied mechanical deformable element produces a deformation is induced for the strain gauge gives a change in the electrical resistance proportional at the applied load.

Applications of load cell are very versatile for example we would find in metrology laboratories to measurement of pressures, forces and torques. In new technologies as auxiliary equipment in the measurement of dynamic characteristics as inertia moments of complicated geometry objects, in the measurement of forces of misbalance mechanical systems with elements in rotation movement and more and more applications.  

Due to load cells are constructed with strain gauges3, which are bonded to mechanical elements where external loads are applied, this cyclic loads produce fatigue causing to loss its mechanical properties and resulting in wrong measurements. we propose a device that is not affected for strain cycles 
2. METHODOLOGY

Among the existents stress measurement methods are Holographic, Moiré and Speckle4. However, the proposed method would be the most simple and efficient such it is used in industrial environment. This is the reason that we need vibrations insensible methods.  

We have reviewed the following methods 5: 

· Focused beam proximity probes  ( one o two channels). 

· Spectrally broad band focused proximity probes, 

· Structured light techniques

· Triangulation techniques

2.1 Description of the Prototype

In our case the load cell is constituted for a mechanical element in form of cylindrical ring, it suffers of deformations due external compression loads applied in opposite  points.

These devices are flexible and let to concentrate the apply force in determinate areas. To construct a prototype with a sensible element the effect of the applied forces are free of strains.

In the photography 1 shows the complete prototype
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Photography 1 Complete Prototype ( 1st. stage)

In the photography 2 and 3 show the sensible element of the prototype
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Photography 2 and  3  Sensible Element of the first prototype

2.1.1 Opto - electronic Part  Description 

To detection of the load signal  used a photo – sensor, this consists of an emisor (dark led) and a detector (white led).  This is collocated in the lateral part of the ring near the mirror. To begin the test we collocate circulars pieces simulating the weights applied. To start  without weight  to verify initials conditions   and after they are collocate one, two ant three weights consequently.   To send light signal to mirror, this is received in the detector when different weights are collocated.  These opto – electronics components converter the light signal in electric signal  (voltage differential).
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Photography 4   Mechanical Propose First

Output electrical signal of the photo-sensor supplies A/D converter. We use  CA3162 Intersil. Electrical features of the converter are: 

Dual slope A/D Conversion,

Multiplexed BCD  Display,

Ultra Stable Internal Band Gap voltage Reference,

Capable  of  Reading 99 mV below ground with single supply,

Differential input,

Internal Timing – No  External Clock Required,

Choice of Low  Speed  (4Hz) or High Speed  (96Hz) Conversion Rate.

“Hold” inhibits conversion but maintains delay.

Overrange indication

In this stage we do not need conditionting signal stage for the first tests. In the Fig. 5 to show the electronic set up.
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Fig. 5  Electronic Set up

In the first stage of the prototype we have realized qualitative tests with the sensible element and we verify the response of this functioning.

2.2 Second stage

In this second stage the prototype the optical active surface in which light insides is located in the coupler link of the four bar mechanism6. The first condition to reach is that this optical active surface describes a pure rotational movement around the instant center of velocity, and the point of incidence of light must coincide with that instant center, in such a way that light only varies in direction, like a consequence of the action of applied loads.

The rotation of coupler link caused by the sheets deflection produces a change in light direction equals to deviation of angle of incidence, in such derives in a voltage differential.

This deflection can be calculated by elasticity formulas7.

The first step in designing the mechanism is to probe that there is a point in the coupler link that behaves according to mentioned conditions.

Starting from a first approach with an didactic software in designing the four bar mechanism and with this approximated lengths and by a programming language C++8 , and applying equations derived in reference:
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In this prototype mechanical and opto - mechanical elements, were made in CNC machines due to the required precision to obtained the described conditions.

As we can observe in the Fig. 6, this is the actual diagram of the device, the angle of incidence of the signal in the photo-sensor changes the value. This change produces a differential to the output of the opto – electronic element.
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Fig. 6 Mechanical  propose  second


Fig. 7 Mechanical Mount  

3. RESULTS

Test results could comment that the effective signal  of the output signal  of photo-sensor is mayor when the angle varies and not in the point the incidence. It is qualitative test.

4. WORK TO FUTURE

We are going to continue our study to calculate sensibility in the mechanical system and to obtain mechanical tolerances in the components. Other step is to justify the operation optics principle and   to realize quantitative tests for example with element finite program. It is convenient to construct an economic device for example to include injection plastic components thinking in the future possibility. 

5. ACKNOWLEDGMENTS

We would want to mention that it is project was propose for the American Axle & Manufacturing de Mexico. They contact us and desire that  to resolve their problematic.  

REFERENCES

1. Dally, Experimental Stress Analysis, Mc. Graw Hill

2. Cooper D. William, Helfrick D. Albert, Instrumentación Electrónica Moderna y Técnicas de Medición, pág 101, 1990.  

3 Creuss Antonio, Instrumentación Industrial 6ta Edición, Alfaomega Marcombo,  pág. 83, 1997. 
4. Malacara D., Optical Shop Testing, John Wiley & Sons, New York, pag. 599, 1992

5.  R. Jones, “A review of Optical Techniques for the measurement of surface geometries” SPIE, 599, 309 – 316, 1985.

6. R. L. Norton, Design of Machinery, 3rd Ed. McGraw-Hill, 2004.

7. R. J. Roark, W. C. Young, Formulas for Stress and Strain, 5th Ed. McGraw-Hill ,1975.

8. J. A. Smith, C++ Desarrollo de Proyectos, Thomson Learning  ( 2001 ).

9. Military Standarization Handbook. Optical Design. Department of Defense. USA.

10.E. L. Dereniak, Imaging Detector Arrays, SPIE´S Orlando ( 1992 ).

.

2 líneas en bla
� EMBED Unknown  ���





� EMBED Unknown  ���





74LS47N





CA3162








_1185023914.unknown

_1185023966.unknown

_1185023986.unknown

_1185024341

_1185024377

_1185024346

_1185024334

_1185023978.unknown

_1185023940.unknown

_1185023953.unknown

_1185023928.unknown

_1185023879.unknown

_1185023900.unknown

_1184933137.bin

_1185023820.unknown

_1184932893.bin

