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During the final electrical checkout of DS0314, it was noted that two different
techniquesfor measuringstrain gageresistancesareusedin different phasesof magnet
constructionandtesting. In this memo, resultsof bothmeasurementtechniqueson the
DS0314shell straingagesatroom temperaturearereported.

Lab 2 andtheICB EngineeringLaboratoryperform4-wire measurementsof straingage
resistancesusing a Hewlett-Packard3457A meter1. MaterialsDevelopmentLaboratory
andMagnetConstructionpersonnelperform similar4-wire measurements.However,they
usea separatecurrentsourceHewlett-Packard6l81C runat 2.5 mA and measurethe
voltageacrosseachstrain gagewith aHewlett-Packard3457Ameter. Thefirst technique
givesaresistancereadingautomatically. Thesecondtechniquegivesa currentreadingand
a voltagereading,which are dividedby handor in Excel files to get theresistancevalues.

A set of 12 shellstrain gageswasmeasuredboth ways. Theresultsare shownbelow
in Table 1.

Table 1. Shell Gage ResistanceMeasurements
All valuesin Ohms

gage 3457A I 3457A/ 3457A 3457A Duff
name 6181C#1 6181C#2 4-wire #1 4-wire #2

A9 349.766 349.764 349.765 -.002

L9 349.678 349.693 349.693 .015

C9 349.969 349.967 349.979 349.982 .010

AlO 349.677 349.674 349.688 349.691 .011

Ll0 349.828 349.827 349.840 349.840 .012

ClO 349.772 349.896 349.644 349.644 -.128

Al 349.774 349.788 .014

Al 349.964 350.010 .046

AS 349.486 349.484 349.498 .012

A6 349.817 349.830 .013

Cl 350.364 350.378 .014

C2 349.691 349.793 349.609 -.082

*1 would like to thank Rick Kunzelman of the Technical Support Engineering Lab
and Ethel Gonzy of the Magnet Construction Group for their assistance with these
measurements



Thefirst column in Table 1 gives thenameof theshell gage. TheletterA denotesan
activegagemeasuringazimuthalstrain. L meansan activegagemeasuringlongitudinal
strain. C standsfor a compensatinggage.

The secondandthird columnscontainresistancemesurementsdonewith a separate
currentsupplyrunat 2.5 mA. The secondcolumn valueswererecordedaboutone half
hourbeforethethird columnvalues.

Thethird andfourth columnsshowtheresultsfor measurementsmadeusing the4-wire
technique. Thefourth column valuesweretakenshortlyafterthethird columnvalues. The
repeatabilityis excellent.

The fifth columnshowsthe differencebetweenthefourth and secondcolumnvalues.
Theoriginal goalof thesemeasurementswasto demostratethat thesecolumnswould be
exactly the same. To our surprise,while in mostcasesa systematicshift of .010 - .015
ohmswasobserved,in somecases,shownin bold type,thedifferencesweremuchlarger.

For C2 and ClO, it was foundthat the separatecurrentsupply readingssecondand
third columnswere not very repeatable. A repeatmeasurementon gageA2 wasnot
made.2Othergagesshowedexcellentrepeatabilitywith both measuringtechniques,but
the4-wire techniquewassuperior.

Why somegagesshould give repeatablemeasurementswith a certaintechniqueandnot
othergagesis a mysteryso far. However,all of this promptsthequestion:Why do we go
on using theseparatecurrentsupply techniqueat all? The1B3 apparatuscouldeasilybe
adaptedto the4-wire technique,which savesonepieceof equipmentand many stepsof
handcalculationor typing into Excel. It is also self-correctingin thesensethat themeter
monitors its currentautomatically,while with the separatecurrentsupply techniquethe
currentmust be recordedbefore and after a set of measurementsand then averaged,or
worse,recordedeachtime ameasuiementis made.

I strongly reconmendthat the 1B3 peopletry theft own comparisonof the 4-wire
techniquewith theirusualtechnique,sincethe former is superiorin severalways,anddoes
not seemto sufferfrom the"mysteries"referredto in thismemo.

Notes

1 I still haven’tfound a manualfor theHP 3457A, soI don’t know how muchcurrent
it puts out, how it regulatesthecurrent,how it calculatestheratio of currentandvoltage,
etc. TheEngineeringLab hasno manual. Nor doesMarty Whitsonthat hecanfind. Nor
doesPREP,thoughmanualsare "on order" there.Tariq at Lab 2 believesthe currentis
abouta milliamp. So far our completeor partial ignoranceof how thething works is the
only "drawback"of this technique!

ZAt thetime, theC2 andClO differenceswereso strildng that we only paidattentionto
these. I don’t know whetherit is relevantthat both of the"flakey" gagesarecompensating
gages. However,we later foundthat someof thecompensatingcollar gagesweregiving
valuesvery far from their last-measuredvalues,which, if takenseriously,would yield
NEGATIVE stressesin severalof thecoils, andabsurdlysmall valuesin others.
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