305-261/262 Measurement Laboratory 

Experiment VII

Transducer Sensitivity and Linearity

During this experiment you will measure small linear displacements with three different transducers. This will allow you to determine and compare their respective sensitivity, linearity, and useful range.

Photonic transducer

The Photonic optical transducer measures displacement by reflection of light i.e. light from a steady light source, transmitted through optical fibers, illuminates an object. The light reflected by the object reaches a photocell through another optical fiber set. Both sets of fibers are combined into one bundle (be very careful when you handle the fiber optic cable). The Photonic transducer is able to measure very small displacements and its dynamic response is limited only by the sensitivity of the photocell. Typical usage is to monitor the eccentricity and wobble of operating turbine shafts.

 
The Photonic transducer is not a single valued device as shown by the output versus displacement relation. For small distances between the transmitting fibers and the reflective object the cone of emitted light coincides with the angle of view of the receiving fibers that capture most of the reflected light. Therefore, the detector shows the maximum sensitivity. However, the further increase of the distance between the fiber bundle and the reflective object determines the maximum output of the detector followed by a decrease because the light intensity decreases according to an inverse square law with respect to the distance. As a result, the same output signal is produced for two different distances between the probe tip and the moving object. In addition, the amount of reflected light is not only a function of the distance but also of the surface condition of the moving object. The manufacturer of the device specifies the output only for ideal conditions; hence the user must calibrate the transducer in-situ against the surface that will be used.

Inductive proximity sensor

The transducer used in this experiment is intended for use in proximity to a metal surface. This might be ferromagnetic (e.g. steel) and decrease the transducer’s reluctance, or it might be such as to increase the reluctance (e.g. brass, aluminum etc). The reluctance is that property of the magnetic circuit that determines how much flux is produced (for a given current in a given coil.) Hence the reluctance determines the flux of a magnetic circuit analogously to the way resistance determines current in an electric circuit.

The central limb of the E-shaped piece carries a coil where an AC current flows. The coil sets up an alternating magnetic flux, which flows along the indicated path through the ferromagnetic E-piece, the air gap and the plate. When the plate is moved, the characteristics of the flux change and, as a result, the current changes. This change of current is transformed into an output signal by the control box. 
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The transducer works as follow: the voltage V in a coil carrying an AC current I of angular frequency is proportional to the rate of change of that current:
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The unit of inductance is the Henry (H). If the current is sinusoidal, 
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 then the voltage will be 
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Moving the plate in front of the transducer varies the inductance of the coil. The inductance of a coil with N turns of wire is related to the Reluctance 
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 of the magnetic circuit by:
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Capacitive proximity sensor

In a capacitive transducer, the capacitance can be varied by changing the distance between two plates, keeping constant the dielectric and the area. The capacitive transducer used in this experiment is a proximity sensor i.e. it detects the presence of an immediately adjacent metallic object.

Objectives of the Investigation

· To calibrate the output of three transducers to be used to detect the displacement of an aluminum plate.

· To find sensitivity, linearity and linear range of the three transducers. (please, see your Class Notes)
Equipment Provided

· One X-Y sliding table equipped with micrometers. A flat plate is mounted on it.

· One capacitive displacement transducer BC10-G30-Y0X

· One inductive displacement transducer BI10-G30-Y1

· One Photonic system. Please be aware the fiber optic must not be bent.

· All transducers are mounted on a fixed support.

· Power supply.

· One DVM.

· Three signal conditioners. (Not specified).

· LabVIEW VI digital voltmeters.

Procedure

1. Make sure that the transducers are properly connected to the respective control boxes and the power supply. 

2. When you connect the signals from the control boxes to the back plane remember that the negative from the control boxes (shield of the BNC cable) must be always connected to screw#3 while the positive (red) must be connected to screw#2 of the back plane.

3. Record the type and gain of each signal conditioner used to amplify the signal of each transducer.

4. Turn on the power supply and the photonic controller (the switch is in the back of the box).Use the DVM to measure and record the supply voltage. You will need this value to calculate the static sensitivity of the Inductive and Capacitive transducers.

5. Open the Lab#7.VI program located in the drive J:\MeasLab\MeasLab2002. This program allows to measure four voltages simultaneously, you will use three channels only). In the same folder you will find the excel file Lab#7 necessary to collect your data.

6. In the Lab#7.VI insert: the min. and max limits as –1 and +11 respectively, the channels # corresponding to the connections of your transducers and the signal conditioners. (Photonic:3B11, Capacitive: 3B31, Inductive: 3B41)

7. Using the X-axis micrometer adjust the flat plate until it slightly touches the transducers. This is the initial position from where you will measure the displacement.

8. Move away the plate by the increments already inserted in the spreadsheet Lab#7 (excel file). The Micrometer is calibrated in 1/1000 inch. At each displacement run the VI program and record the readings. A datasheet is included in these instructions. You will take about 70 readings.

9. When you finish collecting the data turn off the power supply, the photonic controller and the back plane. 

Results

· Construct a table containing one column for the displacement and three columns for the voltage readings corresponding to the three transducers.
· Plot the following four (separate) graphs: (see the excel file Sample ResultsLab#7)

1. Photonic transducer output versus displacement.

2. Capacitive transducer output versus displacement.

3. Inductive transducer output versus displacement.

4. The detail of the positive slope of the photonic transducer.

· From the graphs obtain the following results:

1. Range of displacement for each transducer where no significant output change occurred.

2. Useful range of displacement for each transducer. 

· Specify which transducer (you think) has the wider linear range.

· Calculate the static sensitivity and linearity of all transducers in their useful range. Use your Class Notes as reference.
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