Dirria2rslor ey
MVeaslramrern

frleaele e Bl Blgjce)f)




Temperature and Dimensional Measurement

changes. Tnis IS a common! PRENoMeENo;,
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Thermall Expansion

When a material is heated the distance between individual atems will' change. For most
maternals the ateoms) get, oniaverage, further apart (altheugh there are seme: exceptions).
Since the change! Is the same fier allfatems, the tetal length change depends; on how: many,
auems arenni taerlengh. lihisimakes thellengih change: propoltienal terlength. You woeuld
EXPECT LhIS; Gl COUNSE; it el 4 mEeter piece offmetal changes length by seme: smallfameunt; a
o metei piece WolldiIe EXpECtedi o) change: oy, LWiCe ther ameunt:

Alsey e smallfchianeesinitenperaitierther engurchanoens propertenal tertherte mperaitie
ChianeE: e consianioirprepoiuenalitsicalledither Coeicient el tiermel eExpansien;
denotediy therCreekiletterralpian(cer) IS CoElcient IS nereallyconstanirovertiange
LEMpErailireNanoES; Whlchrasave Wil S el aters; Canrcalse pProhlems:

AL
— = AT

L

AL = Change in Length
AT = Change in Temperature
« = Coefficient of Thermal Expansion (CTE)




20 Degrees, as Reference llemperatule

Since: allfmatter changes size with temperature, in: erder te) define the size ofi semething We must
alse say at what temperature It IS the stated size. The international standard temperature for
dimensional measurements Isi standardized i ISO; 1 as 20 degrees Celsius (°C). Te statement
abeve isHiremrther USitelerancing standards andishewssthatallfdrawings  that have dimension
marked enl thems, by defaulls; refer the te dimensions at 205 C:

ASME/ANSI Y14.5M
Dimensioning and Tolerancing

1.4 Fundamental Rules

(k) Unless otherwise specified, all dimensions are
applicable at 20 °C (68 °F). Compensation may be
made for measurements made at other temperatures.




Gage Block CTE

The diagram shows a typicall coefficient of thermal expansion. While it does not change
tremendously asi the temperature changes, It does chiange enough that the details woeuld
need to he knewn o) Very accurate measurement.

ihe ASVIE B89.1.9 Gage Block Standarnd saysi that steellgage blocks should have a CliE between
10r5-12.5  ppm/cClat 205 €. ihis bleck Satisiies this) cliitenas it BVer afew: degrees thie CliE
will'change: by afew: per cent.

Calibratient|ahorateres address  the proklem by keepingl the lah temperatuie Ve near 20°C,
theralratINISIFEstaysWithinrOrL=Crai 205 C atiall times; makinelcorrecens o themial
Expansien sersmallfasreremegligisler s stRiegyAIs ol PeSsIb ENN ST aCIOHES, WHENE
tEMpErailreNarnatons el S=L 0 CHnay eCceul:
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CTE ofi Typical Materials

The table shows seme common materials, and their respense to) temperature change. These are
dverage numiersiior the ClE, as We snall See latel there: are many aifierent materials geing
0y these names; With rJJrrérénr ValUes for t CTE,
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AlUuminum 010/

Invar 1.2 0.9
Zerodur 0.05 20)
Quartz 0.5 1.8

Granite 6.3 0.16




5 °C Expansion of 1000 mm Samples

IHere isianother example off how! te) think ofi thermal expansion,. Ifiwe have a 100 mmi (4 n) long
sample of each ofi these materials, and change the temperature 5°C (9°F);, the lengths will
Chiange: as shown.

Twenty~fivermicrometers; isi about 0.001 inchi AS you can see, the gquestion “How! clese should
my/lalsrtemperatire e to) 205 CHhe7 dependsia great dealfupeniwhat you are geing to
measure.

NBieralserthererarertwoevaluesHorsteeligagehlecks (SIeelNEB)Nnttie chart  ORe ol the
PECUlIaES OINMESt SIEEI gage bl BEks IS thal ther CliE GEPENdS o thE  Engiieirthe blecks
VWeswillsaiscussithisimoere later:

Aluminum
Brass
Steel GB (Eﬁnmj
Steel GB (500nm) “
Chrome C arhu:le
Granite
O-ak
Tungsten Carhide
Inwvar
Fuged Silica | ]
Zerodur I
0

Thermal Expansmn {mlcrometers}




Thermal Effects on Gage Blocks

NIST has two sets of master long steel gage blocks. The CTE for each block was measured, giving the
results; in the table. There are two things te notice. FEirst, Even though the blecks are from the
same manufacturer, the CIE can be different firom block te block by mere than a few: percent.
Thus;, eveniifor gage blocks yeu cannot loe sure ofi the CIE by better than a few! percent unless; the
block s measured:

Second, the CIE gets smaller as the block: getsilenger. Tihese blocks ane made firom AlSI 521001 steel]
anditherendsiare hardenedi D tums eut that the CIE o the' ardened steellis ahout 12 ppm/sC
and unhardenedistabput 10:5 ppm/s €. Only the gt iew centimeters on eachiend are hardened,
S0, asithe BIeCk OETISHENOER tHE PENCENTagE Gl hardenediengrdecreases:

Length (inch) GB-1 COTE GB-2 COTE Range [DEViaion erm 115
(ppm7/=C) (ppm7/=C) pRIMY/=C
4l 90 11.63 0.2 0).2
2 1478 14569 0108 0.23
3 12,00 1474 0126 0.37
4 12500 1163 0.86 0.1
) 11.40 2T 0.13 -0.16
6 11.25 11.23 0.08 =0)220)
v 11.06 11.36 0)5¢]0) -0.29
8 11.22 10.92 0.30 -0.43
10 10.84 10.64 0.20 -0.76
12 10.71 10.64 0.07 -.082
16 10.80 10.58 0.22 -0.81
20 10.64 10.77 0.13 -0.80




CTE for Steels

This is a compilation ofi the CTE’s of a hundred or so different steels.

As youl cani see: the nermal gage block steel, at 11.5 ppm/°C isisomewhat onl the low end of the
distribution.

e qUESHIENI NErENSs; IiRyou are given'a part and teld s steel; What de yeul choose: at the ClE:
litssteelis allyourknow, the Best et woeuld e abeut 14 ppm/-C and the Uncertainty
Woeuld beraheut =Sippm/ C.

Eorhighraceuracy parts this wouldie ar serousidiauwisacke Oifcolrse; ouwoeul o have ter aein
LOUCHNWIL SOMECHENWWR G could el e U WRICHIL/PE Ol StEel WolNWere measuing. It might
help;y altheughrneasimuchrasyounmignht thmnks
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CTE for Stainless Steels

Here Is a histogram, of the CTE's for a large number: ofi stainless steels. The most obvious
characteristic Is that the distibution ias two distinct peaks.

Tihe CIE for 300 series stainless steel runs n the 14 te 19 ppm/cC range, whilerthat off 400
Series stainless steelisihetween d0rand 12 ppm/sC.

Thus it st crtically impoertant ter know: the type oii stainless you arerusing;; the bias BeEtween the
Lo mainrtypes el steelseingnearly 50%:

Stainless Steel
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CTE for Glass
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Reference Values

Next Is the guestion of where to get the value ofi the CTE for a specific material. There are a

large number of reference OOJ"' that give values for the CTE, and a number ofi WEBf sites
that are useful. At'the endlof thisitutorial we have made a list of seurces that canibe
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Variations in Reported Values of the CTE

This table gives the CIE for AISI 1050 steel taken from| three different seurces. The CIE has
DEEn converted to ppm/=C, and the temperature rangesito, “C asineeded. Obviolsly the
CIIE changes Withl temperature, and this Ieads; tor different “average” valuesiover: different:

AL

LEmperature ranges. Off Course even the word “average” may be definedi differently by the
brEErspurces
e gUESHBRNS MW, Wiiat IS the  CHiE at 205 C7:
s partichiziFexaimiel ENSToREMORINICIas i i) Je, SEEMINOIY INCEPENUENt SOUNCES EXISE: EOI:
MESE OA0ESAWE CoMOL EVEN NaVE ]5 NUChNReHMALIOnN::
RETERENCE Q= IERange CHIE I=Range CHIE I=ranee
i 1476 2(1=6)5)0)
Z 115 20-100 13.5 29200

11.2 0-100 12.1 0520)0 13.5 0-400




Summary.

All'materials change size with temperature change, andi over small temperature changes the
ielative size; chiange (AL/L) ISi proportional te: the temperature change, and the
orooorﬂor?dfy constant s the Cogfﬁrkqfrof'rhﬁrnnﬂ FLpArEﬂOf U“FF)
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CTE for Some Common Materials

Material

Material CTE?L

Alumina, Grade:
Aluminum;Alloy:
AluminumyAlley 6061

Beryllium; Copper:

Beyilium =705 OpticallGrade

BEIESIICEENEIASS:
CASTIIONERGIEY/

ChiemitnrCagIde

Codgef clloy, =

CoppeFAlloy; YEloW BIESS

Copper,, UNS C14510!

Diamoend; Natral

Granite

invar

URGSLEN)

ZEroauE

ZIrconiay,

Zliconial,

304

56

2000

INCaICENBY0rColalEINEEL),

NOTES:

1. These are average values culledifrom a number off sources. They: are, in general, averages over the range 0-100 °C,
and! the uncertainty: is estimated to be 3-5% (k=2).

2. These entries are averages of a class of materials, and the variability within the class is over 10%.




Reference Material
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http://www.matweb.com/
http://www.efunda.com/materials/common_matl/common_matl.cfm
http://www.handyharmancanada.com/TheBrazingBook/comparis.htm
http://www.rembar.com/tech2.htm
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