305-261/262 Measurement Laboratory

Experiment VI

Transducers Sensitivity 1

Introduction:

When a metallic conductor is strained, it undergoes a change in electrical resistance and it is this change that makes the strain gauge a useful transducer able to convert the mechanical strain (a mechanical deformation) into the change of an electrical quantity (the electric resistance). 

The term “transducers” is referred to a device able to convert one entity in input (such as strain in this case) into another entity in output easier to measure and handle (such as voltage). The output is usually referred to as the response.

It is desirable that the response be the highest possible with respect to the change of the physical quantity that caused it. This characteristic is known as sensitivity of the transducer. For example, in order to be able to detect the strain of a beam stressed by a load we glue a strain gauge on the beam under investigation and we expect that the change of resistance of the gauge will give us a measure of the strain. However, if the strain is very small, the gauge might not be sensitive enough to detect the strain. The higher is the change of resistance of the strain gauge with respect to the strain that caused it, the more sensitive is the strain gauge. Therefore, we define sensitivity the ratio between the response of the transducer with respect to the input that caused that response.
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The units in which the sensitivity of a transducer is expressed depends in general on the specific physical quantities that the transducer is intended to measure. For example, if you consider a bulb thermometer, the input quantity that it is supposed to measure is temperature ((C), while the response is represented by the displacement (mm) of the mercury expanding in the capillary tube. Therefore, we could express the sensitivity of such thermometer in mm/(C, meaning that a change in temperature (input) corresponds a determined displacement of the mercury (response).  The larger the displacement of the mercury for a certain temperature change, the more sensitive the thermometer. A high sensitivity would then allow to detect the smallest temperature change.


This definition of sensitivity of a transducer is valid for what we consider passive transducers. We differentiate between passive and active transducers when the transducer requires a power supply (a voltage) in order to work. Consider for example a very simple pressure transducer that you might have already used: a microphone. A microphone is a transducer that converts a pressure wave into a voltage signal to be inserted in an amplifier. However, most microphones in order to work must be powered up by a proper voltage. Therefore, the situation is that of a transducer that converts pressure (unit Pascal 1 Pa = 1 N/m2) into voltage (unit V or V), but in order to work it requires a power supply (units V again). In this case we are dealing with an active transducer where the definition of sensitivity becomes:
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Note that in the case of the microphone, the units of the sensitivity become V/(Pa V). We could simplify the expression so that we obtain 1/Pa but it is preferable not to do it in order to keep all the important information about the transducer. By writing the sensitivity as V/(Pa V) we know that the transducer converts a pressure (input) into a voltage and it requires a power supply. From this formula we also know that the sensitivity of the transducer changes with the voltage supplied.

Strain-gauge Normal and Transverse Sensitivity 

Effect of Temperature

Now lets consider the sensitivity of a strain gauge. The sensitivity of a strain gage is expressed in terms of its GAGE FACTOR (G). We have already seen (Lab 5) that the Gage factor is defined as the dimensionless ratio of the fractional change in resistance (response) to the fractional change in length (strain) along the axis of the gage (input deformation). Gage factor is expressed in equation form as:
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Hence, a high G implies high sensitivity of the strain gage. 

Transverse Sensitivity

A single straight wire conductor of small diameter with respect to its length would respond only to strain along the longitudinal axis and would be insensitive to strain transverse to this axis. However to obtain reasonable values of gage resistance and keep the dimension of the gauge in the order of 1 cm2, strain gauges are in the form of a grid. This layout makes the strain gage sensitive to transverse strain at the turn-around of the sensitive element (see handout Lab 5). The Transverse Sensitivity (Kt) is defined as:
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It is usually expressed in %. Kt ranges from 0 to 10%.

Temperature Effects
A strain gage should change resistance only in response to the stress-induced strain in the test specimen. However the resistivity and the strain sensitivity of all known materials vary with temperature. This means that the gage resistance and the Gage factor are altered when temperature fluctuates. The relationship between resistance and temperature, for a mounted strain gage, is function of two parameters:

· the difference in the thermal expansion coefficient between the gage and the specimen, 

· the temperature coefficient of resistance of the gage alloy. 

Objectives of the Present Investigation

1. To use a LabVIEW VI to measure strain.

2. To quantify the transverse sensitivity of a strain gauge.

3. To verify the temperature effect on the strain gage.

Equipment provided:
· One clamping device.

· One steel plate with one strain gauge mounted in the center. The data are:

                                     Plate size: 2.4 x 2.4 inches, 0.0315 inch thick.

                                     Strain gauge: 120 ( (nominal), G = 2.045 ( 0.5%

                                     Young’s modulus 
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· One Wheatstone bridge equipped with balancing circuit. 

· One power supply with 5V and 12V output voltages.

· One digital multimeter (DVM).

· One light bulb connected to the adjustable output of the power supply.

N.B. We are assuming that the strains occurring in the specimen will be transferred

       to the strain-gage, without alteration. (ideal glue assumption)  
Procedure

1. Mount the steel plate in the clamping device with the strain gage aligned perpendicularly to the clamp (normal position). Make sure that the micrometer is fully retracted and tilted forward. The scale of the micrometer is such that one full turn (50 notches) is equivalent to a displacement of 0.50 mm.

2. Put the small pressure bar on the edge of the plate, just below the micrometer shaft to render the load uniform along the edge of the beam.

3. The 5V power supply and the strain gage are already connected to the Wheatstone bridge, but it is better to check the circuit. Also the output of the bridge should be connected to the backplane of the data acquisition system via a BNC cable.

4. A signal conditioner is used to amplify the tiny voltage coming from the bridge. Record the type of conditioner used and its gain. To check the gain of the signal conditioner you should read its input and output limits. Remember that by definition Gain = output/input.

5. Measure and record the exact voltage of the power supply by using the DVM..

6. Connect the DVM to the output of the bridge and balance the output of the bridge using the potentiometer. Record the offset if present (offset should be less then 10V).

7. Turn the micrometer until its telescopic shaft barely touches the pressure bar. In practice the load will be applied by pushing the shaft against the beam. The shaft of the micrometer should slightly touch the pressure bar so that any small displacement of the micrometer is detected by the DVM. This will be the starting position from which you will measure the displacement of the beam.

8. Open my computer icon on J Drive (J:\MeasLab\MeasLab2002) or on the desktop open the file labeled LAB 6 and start the program contained. This is a complete LabVIEW VI built to measure simultaneously the outputs of four bridges returning the corresponding strain value (if the parameters are correctly set). Only one input will be used in this experiment.

9. The parameters to be set are: the channel number, type of bridge, the excitation voltage (power supply of the bridge) the Gage factor, the nominal values of the gauge (120 ohms), the min and max input limits, and the gain of the signal conditioner that connects the output of the bridge to the input of the data acquisition system (backplane).

10. Insert the channel number (should be 14 but check your backplane), the exact voltage of the power supply, the Gage factor (2.045), the type of bridge is “Full Bridge I”, the nominal value of the gauge (120 ohm), and the gain of your signal conditioner. The min and max limits must be set at –1mV and +1mV respectively.

11. Now you can start the experiment. Apply the load to the beam by turning the micrometer in equal steps of 5 notches (0.05 mm) at a time. After each displacement read the voltage output from the DVM and take a reading using the LabVIEW VI. Record all these readings. Record the offset of the VI (at zero displacement) if applicable (offset could be off in the order of a few hundreds micro-strain).
12. In general this procedure is repeated 12-14 times (depending on your set up) before the beam reaches the bottom. When you finish, turn off the backplane.

13.  For this part of the experiment do not use the LabVIEW VI. The reason is that we do not know the gage factor of the gage in transverse position, and we cannot set the parameters of the VI. At this point you will repeat the same experiment with the strain gauge rotated 90( with respect to the direction of the strain.

14. Retract the micrometer completely, turn the steel plate 90( (transverse position). Pay attention to the wiring.

15. Zero the output reading again and record the offset.

16. Repeat the same procedure of applying equal displacement and record the DVM readings. In this case the voltage change will be very small and possibly non linearly dependent on the displacement.

17. When you finish, retract the micrometer and reinstall the strain gauge in the original position.

· The first part of the experiment is finished. The recorded data will be used to calculate the strain gage sensitivity. The second part of the experiment will demonstrate the Temperature Effects on the resistance of the strain gauge.

1. Zero the output reading of the bridge or record the offset.

2. A small light bulb is connected to one of the adjustable output of the power supply. Adjust that voltage to approximately 9 to 12V. You will use the light bulb as a heat source to slightly warm up the gauge and observe its response. This will be only a qualitative observation. 

3. Touch the strain gauge, lightly, with the light bulb.

4. Observe and record the change of voltage output.

5. Turn off the power supply.

Results

The DVM readings (only in normal position) can be used to obtain the (upper) strain of the beam using the following formula that you can find in your class lecture notes:
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where: k=0.25 because we are using a single active arm bridge, G = 2.045.

N.B. The formula gives the resulting deformation in strain not micro-strain.

Using excel, construct a table that contains the following columns with appropriate units: 

1. Micrometer displacement.

2. Strain (or micro-strain) value read from the VI (please subtract the offset at zero load if present).

3.  DVM reading in Normal position 

4. Strain obtained from the above formula

5. Voltage output in Transverse position.

Plot the following graphs complete with title, group#, station#, date, axis labels with appropriate units (if applicable).

1. Plot column 2 and 4 (both on y-axis) versus column 1 (x-axis). Make sure both columns 2 and 4 express the deformation in micro-strain.
2. Plot column 3 (y-axis) versus column 1 (x-axis) and calculate the slope with appropriate units.

3. Plot column 5 (y-axis) versus column 1 (x-axis) and calculate the (average) slope with appropriate units.

Questions: (only short answers are required)

1. Take the values of the slopes of plots 2 and 3 and divide them by the value of the power supply voltage (with units). What do you think these results (with units) represents? 

2. How would you explain the difference between the two values? 

3. We define the linearity of a measuring system as the ability of that system to maintain a linear relation between input and response. From the curves of plots 2 and 3 would you characterize this strain measuring system as linear?

4. Do you think that the definition of active transducer is appropriate for the strain measurement set up of this experiment?

5. Give a short description of plot #1.

6. Refer to the experiment with the light bulb. How large is the shift due to temperature change?

7. How could this experiment be improved to avoid errors due to change of temperature? (Explain how a “dummy gage’ would work, refer to your lecture notes).
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