MES56 LAB EXPERIMENT #4
A LOAD CELL BASED ON A PROVING RING
General DescriptioniThe experimental arrangement is shown in Figur&He "proving ring" consists

of a more-or-less circular member, with inner raddfi 1.25 in and outer radius of 1.50 in. The iag
a depth of 0.50 in, and is made of 2024-T4 aluminuse E = 10.6 Msk = 0.32.

Four uniaxial strain gages (gagegs-G54) have been bonded to the ring at the locationsei@fin

Figure 1, and wired together in a Wheatstone brasyshown in Figure 2. During the experiment you
will make measurements using three different ekoitavoltage levels, V.
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Figure 1: Strain-Gaged Proving Ring Figure 2:8afistone Bridge
(Gage Numbers Circled) Wiring Diagram

Performing the Test:

The steps to be followed during the test are desdron the DVD labeled "ME 556 Lab #4." You will
create three Excel files during the lab exerciBensfer the pertinent portions of the data readide
the Excel files to the "Data and Answers Sheetacatd to this handout

Lab Report:
No lab report is required. Complete the calcufetiand plots indicated on the "Data and Answers

Sheet".



"CURVED BEAM THEORY" - REVIEW COMMENTS

In this lab exercise you will use the solution &fcurved beam" developed using fundamental beam
theory, rather than the more exact theory deriveh the theory of elasticity and used during Lab #3
The term "curved beam" refers to a structural merttie is curved prior to the application of any
loading. A curved beam subjected to a pure bendglioghentM is shown below. For present
purposes it is assumed that:
(a) the cross-section has an axis of symmetryligmitn the plane of loading
represented by the momewit, and
(b) the cross-section is constant along the atbebeam (i.e., the beam is
"prismatic").
Point O' is the center of curvature of the non-stressed lmeemThe following radii are defined with
respect to pO':

r = distance fromO' to the centroid of the cross-sectional area
R = distance fronO' to the neutral axis of the cross-section
r = distance fronO' to any point of interest in the cross-section
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As in the theory for straight beams, it is assuthedicross-sections remain plardter the momenM
is applied. Assuming also that stresses areightédnough to cause yielding (i.e., assuming linear

elastic behavior), then "it can be shoWrthat the normal stress induced at any radial jposit by a
pure bending momen¥ is given by:

_M([R-1)
g=——"2F (1)
Ar(r - R)
where: A = cross-sectional area of the member, and

* See, for example, Hibbeler, MECHANICS OF MATERIAL&h edition, section 6.8, Prentice Hall, ISBN ®116467-4
(2000).
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Equation (1) shows that the normal stress causedgwe bending momem is a hyperbolic function
of r in acurved beam. As an example applicatioBgp(2), consider a curved beam with a
rectangular cross-section, as shown below. Ind#sée the cross-section is defined by the inner and
outer radii,r; andr, respectively, and the thickness of the curved héamgthb. From the sketch it

can be seen tha@tA=bdr. Therefore:
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The distance from the center of curvature of thenbver to the neutral axis is therefore given by:

r=P(2=n) _(r2-1y)
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A Circular Ring Subjected to Diametral Loading

A circular ring subjected to a tensile lo&dalong a diameter is shown in the following sket@lnis
geometry is often referred to as a "proving rinG.6mmercial load cells based on a proving ring tmay
based on (a) sensing the change in inner diamgi@ifanction of loadP, or (b) sensing the strain
induced at various points in the member usingrstyages (as in this lab), again as a functiol of

A free-body diagram obtained by making an imagir@ryalong the horizontal axis is also shown in the
sketch. Due to symmetry considerations:



(a) The shear load at the horizontal cut must be @ete that horizontal shear loads have therefote
been included in the free-body diagram).

(b) An internal normal force with magnitud&/2) is induced at the horizontal cross-section.

The bending momer¥ 4 is indeterminate, and therefore cannot be deteundirectly from the
equations of equilibrium. Howevel 5 can be determined using strain-energy methodsursg
r/(r, —17) > 2, then "it can be showf"
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Curved beam theory implies that a uniaxial statsti@ss is induced along the horizontal diameter.
Since linear elastic behavior has been assumethtlestress induced at the horizontal axis isstima
of the stress caused by the normal force and tessstaused by the bending moment. That is:

—£+ Mo(R-T)
2A Ar(f-R)
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*See, for example, Boresi, Schmidt, and SidebottsdW ANCED MECHANICS OF MATERIALS, 5th edition, Seain
9.6, John Wiley and Sons, ISBN 0-471-55157-0 (1993)



ME556 Lab #4
Data and Answers Sheet

Name: Date Lab Performed:

Part |: Prediction

The load cell used in this lab is intended to mea&ads ranging from 0 to 200 Ibf. The straingmg
used have a gage factor of 2.15. What is the giextlioad cell output (in mV/V)? Ignore the effeof
transverse sensitivity (which will be present ie tictual load cell). Attach calculation sheetés) a
appropriate to support your answer.

Predicted Load Cell Output = mV/V

Part II: Measurements (complete the following talidg transferring the data requested from the Excel
files created during the lab)

Loading—
Excitation Initial Output Output Output Output Output
Voltage (V)| Output | Voltage at| Voltage at| Voltage at| Voltage at| Voltage at
Offset 40 Ibf 80 Ibf 120 Ibf 160 Ibf 200 Ibf
(mV) (mV) (mV) (mV) (mV) (mV)
0.5
2.0
10.0
<— Unloading
Excitation Final Output Output Output Output
Voltage (V)| Output | Voltage at| Voltage at| Voltage at| Voltage at
Offset 40 Ibf 80 Ibf 120 Ibf 160 Ibf
(mV) (mV) (mV) (mV) (mV)
0.5
2.0
10.0




Part Ill: Data Reduction

1) Attach a single graph in which three curves@iitput Voltage) vs (Load) are plotted, where the
individual curves correspond to the three excitatioltage levels used. Use symbols to indicate
measured data, and use linear regression totfia@glst line to each data set.

2) Normalize each data point. That is, for eadla gaint: (a) subtract the initial offset voltage
(calculated using linear regression in step (14, thien (b) divide by the excitation voltage. Attac
plot of (hormalized data) vs (applied load) onregte curve, and use linear regression to fit dgita
line to the normalized data.

Based on the results obtained in step (2):

Measured Load Cell Output = mV/V




