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A measurementwasperformedat Lab2 in thevifiage to assessthe thermalcontraction
of thematerialusedin 40 mm SSCtaperedcollaringkeys.

This material is PhosphorBronze, 5% Grade A, Full Hard, ASTM B139
Alloy. Seethawing0102-ME-217916.

The test piece was machinedto a length of 2.012 +1- .0005 inches. The other
dimensionsof thepiecewere asshownin Figure 1. Dimensionb wasdifficult to measure
with thecalipers,becauseofthedirectionof thetaper.

The test piece was cooled in liquid nitrogen for 2 minutes, and then removed.
Dimensionsa and c, and the length seeFigure 1 of the piece were remeasured.
Dimensions a and c showedno measureablechangewithin the precision of our
measurementsabout 1 mil from their room temperaturevalues,but the length had
changedto 2.008inches.

Sincethe length of thepiecehad beenmeasuredlast in thefirst dunk, we decidedto
dunk thepieceagainandto remeasurethelengthso asto allow aslittle warmup aspossible
following its removalfrom theliquid nitrogen. Thelength measurementsaresummarized
in Table 1.

Table 1. LengthofTestPiece

RoomTemp 2.012inches

LN2Dunkl 2008

LN2Dunk2 2005

LN2 Dunk3 2.005

Usingthevalues2.005 and2.012inches,we obtainaunit thermalcontractionbetween
room temperatureand LN2 temperatureof 3.48 +1- .25 mils/inch.

Sincethe stainlesssteelcollarswill contract thermallyby about3 mils per inch, the
differenti4l contractionbetweenkey andcollar will be about.5 mils/inchtimes 1/2 thekey
thickness’. This correspondsto apole stresschangeof muchlessthan 1 kpsi, well within
our currentsystematicerrors.

Note: I amnot certainthattheunit thermalcontractionalongtheshortdimensionsof
thekey will be the sameasalong the long dimensionbecauseof anisotropydue to the
extrusionof thekey material? Furthermore,thereis a largeandperiodic shearstresson
thecollaringmaterials,which mayhaveramificationsfor theactualthermalcontractionof
thekey materialuponcooldown.

* I would like to thank Mike Warren at Lab 2 for his assistance in this
measurement. Finley Markley provided some comments on the thermal shrinkage of
materials under differential stress.



1Thefactorof i/2 comesfrom the fact that the stresslossdueto differential contraction
is distributedover two quadrantsof themagnet.
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Figure 1. Dimensionsof TestPiece
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