Mechatronics| Laboratory Exercise 10
MOTOR CHARACTERISTICS
FORCE/TORQUE SENSORSAND DYNAMOMETER PART 1

Force Sensors

Forceand torque ae not measured diredly. Typicdly, thedeformation (strain) of some
material iswhat is measured and the forceor torque isinferred from that measurement. The
deformation can be measured in many ways. |f the displacement islarge as with a spring, the
displacement can beread diredly on a sale. If the displacermentissmaller, an LVDT or other
sengitive displacement measuring transducer can be used. If the deformation isvery small, strain
gages can be used. In thislaboratory experiment you will use strain gagesto measure the
deformation of a cantilever beam. Y ou will construct and cdibrate a cantilever beam type force
sensor. Strain gages will be appied to one end of the beam. The beam will be clanped on e
end, and deflecied by suspending known weightsfrom thefreeend. The force exerted by the
weightsis proportional to the strain along the bean. This strain will be measured usng two or four
strain gauges. You will cdibrate (equation and plot) the output of the strain gages as a function of
the appiedforce

Strain Gages

A strain gage creaesan eledricd resistarce that is proportional to the strain in the beam on
which it itsmounted. It isimportant that the gage alhereswell to thebean to obtain accuete
results. One or two gages will be mounted below, and one or two above the beam. They will be
wired together to form abridge circuit which provides maximum senstivity to the ery dight
changesinresistance. The bridge will be explained in lab. Think about how to mount these gauges
on the beam to obtain the most senstive response. Where on bean is thehighest drain?

Laboratory Exercise

Thisisthefirst of atwo part lab. Y ou will use your force measurement setup you build in
thislab to later construct a dynamometer. If you be careful and takeyour time with this part of the
lab then your next lab will go much more smoothly. Do not tear down your circuit whenyou are
done! Instead, demonstrate to your T.A. that it works and then let them storefor you until the next
lab.

The gagesin the laboratory are of the etchedfoil variety. Thereis one ga@ on ead plastic
badking. The gages must be appiedcarefully for them to work properly. Ask the T.A. for adata
booklet on the strain gaugesif you have any questions about mounting them or how to wire them.
The surfaceof the beam isfirst cleaned with emery paper and a solvent such as alcohol or aceone.
Next use scotch tape to position the gauge over the beam by alowing one end of the fape to stick,
make sure the gauge will be glued with the right side up. Apply a small amount of catalyst to the
underside of the strain gauge (the side to be glued). Apply a small amount of glue to the beam
where the tape touches and pul the tape over and down while gressngtheglue along underneah
the strain gauge. Hold or clamp tightly for 2 minutes. Pull badc the tape and gage should stay put,
be careful at this stage not to ped off the gauge or you will need to start over.



Solder wires on ead of the gage wires and firmly tape or tie the wiresto the beamn so that
they will not pull onthe gages. Conned the wiresin abridge configuration. The strain gauges will
provide a very weak sgna. Y ou will want to boost thissignd to obtain usable results. Conned the
bridge to an instrumentation amplifier smilar to the one you built in your LVDT lab (seefigure 1).
Additionaly, you may need to apply one or two amplifier stages after the stage shown below in
order to boost thesgna. Don't beafraid to appy cgpadtors to your amplifier stages tofilter the
signal. The computer or voltmeter can ke used to record the outpu voltage of the bridge for
different masses hung from the end of the kean. Record severd diff erent readingsfor diff erent
applied masses. Obtain a cdibration constant for your setup by determining the output voltage to
the appied weight ratio.
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Figure 1. Strain-Gauge and Amplifier Circuit.

REPORT
Reports should include:

1) Thetransfer function of your force sensor (relationship between theinput force,and the output
voltage).

2) Plot of the output voltage versus load
3) An explanation of any anomalies - diff erences from theory or what you thought should happen.

4) The expectd transfer function of your sensor based on the keam strain ardysis and theoretica
bridge outpui.



