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Measurementsof the thermalcontractioncurvesof severalmaterialshave been
performedat theFermilabMaterialsDevelopmentLab M1L usingadilatometer.This
is areportof somepreliminaryresults.

A parallelopipedof thematerialto be testedwith nominalmeasurements1/2"x 1/2"
x 1" is insertedin ahollow pyrextube. Someof thesamplesareactually 112" diameter
cylinders 1" in length. The sampleis instrumentedwith a thermocoupletype E,
insertedin ahole drilled into thebottomof thesample.A pyrex pushrodrestsagainst
thetop of thesample. Therelativeverticalpositionof thepushrodis measuredwith an
LVDT. TheLVDT outputrangeof +1OV to -1OV correspondsto 5Omils.

The sampleis immersedin liquid nitrogen,until the temperaturestabilizes.When
the temperaturehasstabilized, the sampleis removedandallowed to return to room
temperature1,while dataarerecordedby aHewlett-Packardcomputerevery5 seconds.
The plots shownin this report areabstractedfrom the largedatafiles written to the
HewlettPackard.

I am ignoring for now any systematicerrorsin the temperaturemeasurement,due
to eitherthermocouplecalibrationuncertaintynocalibrationwas attemptedandthe
thermalgradientbetweentheinsideandtheoutsideof thesample2.

I amalsotaking theLVDT readingsstraightfrom therawdatafile. Theyaregiven
to four decimalplaces,the leastsignificantdigit correspondingto .0005 mils, a small
variationprobablynot to be believed. However,thesmoothnessandmonotonicityof
the LVDT vs temperaturedatafrom the raw datafiles is degradedsomewhatif the
LVDT values areroundedto threedecimalplaces,indicating that thestability of the
LVDT is good to lessthanone one-thousandthof a mil.

The samplepieceshaveendswhich are "flat" to severalmils. A systematicerror
couldoccurif thepushmdhappensto restagainsta locally high part ofthesampleend,
so that thedatareportedas L293K - LT / L293 arenormalizedto the wrong
length.

The maximalcontractionshownon the plotsin this report is 8 mils perinch, or 8
mils for thenominal 1" samplesize. Eachmajor division on the vertical graphaxis
correspondsto a changein lengthof about1 mu.

* These data were taken at the Fermilab Materials Research Laboratory, under
the direction of Jay Hoffmann. Barb Sizemore prepared and operated the dilatometer
apparatus, and was responsible for data acquisition. Dave Muniz prepared the
material samples. I would like to thank all of these people for their work, as well as
Finlay Markley for his guidance and suggestions in these studies and in the
preparation of this report.



Figure 1 showsthereultsof a dilatometerrun for aluminum.The datafrom MDL
arecomparedwith tabulatedvaluesfrom Altman, Rubin, andJohnston,1954. In this
run, datawree unfortunately taken all theway down to liquid nitrogentemperature.
However,theagreementwith theAltman et al. datais good.

The fairly good agreementof the two setsof datagives someindication of the
accuracyof our measurements.Themaximumdeviationbetweenour dataandAltman
etal. correspondsto an absolutelength differenceof .2 mils for oursample.

Figure2 showsresultsfor a run with a sampleof Stycast2850FT, cured with
24LV seeTS-SSC90-053. Also plottedaredatafrom Mackowski et al. The full
referenceis given in TS-SSC90-053. The dataarein fairly goodagreementathigher
temperaturevalues,butseemto divergeat lowertemperatures.

Our simple measurement3in Lab 2 gave478 x 10 at 77K, closer to the
Mackowskivalue thanto our MDL result, If anything,we would haveexpectedthe
Lab2 sampleto havegiven an artificially small contractionvalue becauseoftheheating
that occuredbetweenremoval from the liquid nitrogen bath and the micrometer
measurement.The Lab 2 measurementis shownon the graphfor comparison,asare
theLab2 measurementsfor 304 stainlesssteeland0-10in theplaneof thefiber layers.

Figure3 showsresultsfor a glass-filledepoxy,US PolymericEM-7302. It seems
to contractlessthantheStycast2850FTsampleandmorethanaluminummetal.

Figure4 showstheresultsof a run usinga sampleof 010 materialwith thefiber
planesparallelto thedirection in which thecontractionwasmeasured.The contraction
at liquid nitrogentemperatureis greaterthanthat shownin our Lab 2 test seeFigure
1, but greaterthanthatof 304 stainlesssteel.

Finally, Figure5 showsthe contractionfor "greenputty" material, a highly filled
epoxy. It showslessthermalcontractionthananyof theothermaterialstested.



Notes

1. In early tests,thetemperatureof the apparatuswas allowedto returnto room
temperaturequickly, over a periodof severalhours. In later testing,theapparatuswas
insulatedso that thetemperatureincreasewasmuchmoregradual.

2. It waslater found thatat liquid nitrogentemperature77K, thethermocouple
reads80K.

3. Thesemeasurementsare reported in TS-SSC90-053. We measuredthe
lengthsof stainlesssteel,010,andStycastsamplesbeforeandafterplungingin liquid
nitrogen.



Aluminum Thermal Contraction
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Stycast 2850FT, 24LV Thermal Contraction
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US Polymeric EM-7302 Thermal Contraction
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G’IO Thermal Contraction
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"Green Putty" Thermal Contraction
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