
UE1'EHIMINATlON OF 'lTlE R1,ASTIC MODULl OF MATKRIALS 
AT lIIGJ1 TEMPERATIIRES BY MEANS OF A NON-CONTACT SENSOR. . 

At~slracl. The ddcnninaliun of lhc clastic rnodnli d mnlcrials by IIICZI~S of llw nicamrc~ncnl .of 
Ihc frcquc~sics of thc clastic rnoclcs has W r n c  n oclcbralcd icchniq~ic (pt~lsc cxcilalion 
tccl~niqr~c). Its non-dcnrirdivc characlcr and its caw or w c  in  almost all cimrmsta11a9 nwkc jl 
vcr). atlraclivc for rcscarcl~ 0s rvdl as industrial emiromncnts, This work dcscrihs 111c slalc of 
lhc an and reporls on the dwelopn~nl of a non-cor~lac~ laser-hscd rensor lo dclecl ihc cl.aslic 
ddor~natiutls or rnalcrials WCII aI tcnrllcralaros up to 12(fO•‹C. 

'r'lrc kncnvlcclgc of the chstic mistants mch as ihc Yoang's modulus. thc shcar ~nodr~lus and Poisson's mtio of 
cnginwring mitctials is it~dispcnsablc Cot dcsign and co~~slt.~~clion purposes. The most common lcchniqircs to 
dctc~ mine the claslic propc~.tics arc 
I.  Slalic bending 
2. Ultrasonic nrcthorl 
3. I~cwnancc mclhod 
4. Impulse csciValion lccl~+vc 
Tlrc osr: or Or Iirsl lhrcc tcchniqucs at high tompmloro intrcwhrucs m w a l  t cchn i~ l  and praclical 
rn1up1ic~tion.s. Thc irnprilsc cscilation ~ ~ l r n i q r ~ c ,  on ihc olhw hand. allows nonzonlsct measuremonl of elastic 
\va\.cs in i~%rlffials cwn at a rClllMC distance. In this slucly. it is sliowrr tl~:~t I ~ c  mlCtllialitic~ or this tcchniquc 
can be cnlargcd ly optical dclalion ofthc clnslic wavcs and ibis opens new opporl~lnities for high lcmpcmlnro 
nb~lcrials cl~araclcrisation and quality control. 

A ~nncmscoplc bill claslic dislonion in a n~atcrial will propagate by mls of clastic. waves. Tlw 1~'pical 
Fr~p~cncics of thesc win7cs lic befiveen 0. J IIz and 100 klllz. Oncc claslic aavcs arc crcarcd, thcy arc srrb.+ to 
scvcrnl damping n~cc l ran i~n~~ ~vlrich d q w ~ d  Srongly on n~wcrials properties. Depending on t l ~ c  shqm of the 
slxxin~cns. ho~vc\w: some niodcs can persist longcx as staticling \va\w- willr frcqucnciw which arc rclatcd to lhc 
dimensions and n~ntcrial proycrlics of rhc spccimncn. 'I'hc stnnding wave mode with the lo\vcst Rcqucncy, the 
socaHcd h~nda~ncnlal or ground in&. has lhc Inr@ amplilr~cl~ alld is c o ~ ~ u e ~ ~ l l y  most suited for dmection. 
'I'hc wave qualion of clasli~ !vivin.cs in it matorial ~ I R :  mhrtions of a fonrlh-ardcr diKcrcntbl cqualion whicii 
dcpc~rd n t r  rl~c batndary corrditions (i.c rhc shape of the specimen) in a vcry complicated m y .  Therefore. the 
dqmrdcltcc or lhc Crcqecncics or llrc clastic tnodcs or1 rnatcrials ntopcrlics snch as tlic claslic moduli. dcnsily 
d c  .... has tlmrctic~lly bccn dclcrminod for sotno spccilic simple geometries like rods and bars only. 
Conscqrtcnlly. ruosl of llrc IcSI S I ~ ~ ) C I I S  ~ V L .  l>rcfff~bly this pallicular sllapc. Alllro~~glr cvcq claslic flwdc 
corllnills pllysiwl intonrmfi(rrh about thc mnatcrjal under in\mligalion. thc knowldgc of the frequency of the 



gronnd n~uac sumccs to dclcrminc tlw clirrrlic constants. Thc rcsrrlts of ihcordical alculalioas can bc found in 
litclaturc / 1-61, 
'I'hc tr;~nsicnt lcchniqnc by which clnstic propcrlics arc obtaincd front clastic lvmc analysis is know as thc 
Impulse Ilrcilalion Technique or lhc 13y11amic R ~ W ~ I I L Y :  Mctl~od. Ailor a samnplc is &ruck mechanically, the 
rr~arcrial vibrations arc capt~trcd by a sensor and rmbwrrd info an clcclricnl signal which cnn be analysed. 
A shorl tirllc oncr lhc impact, nnsl of 11s transient and higbcr ordcr clastic waves ;#to dissipa~cd and ihc 
ground nlodc is ihc remaining vibnlional tnodc (scc fignrc I ) .  S i ~ a  Iho iechuiquc is focrrscd 0x1 dclcrmining 
llrc ftqucncy of tlw gronnd tnodc. spectral anidysis as \wll as a lime analysis of 11s  vibrational mnodcs arc 
npproprialc. Thc last lcchniquc is based UII uin!plly mcntinl: 7sro-pi1ssagcn o f i l ~  re~naining ground nrodc and is 
n d  in co~nn~crcinl i#,strrrtrmrln likc rhc GrindoSonic. As swn as ihc frNucIlcy i$ d d b a d .  claslic rnodrrli otn 
bc ~ilcnhlcd. 

A hrmv lint, v/hrrn/ng /rr /IS p-o~~rlrl rmn~cir U.U.5 J F ~ I I ~ Y  @i!r C X ~ I ~ I I V I I ,  ZXt. vibrffti~~~s were 
cnjwured hv r~rcmr .u  of rr IhppIzr tnl#!~:fcr.t>r~re?eo.. AN r~ihmliorrs except the ~ I O I I I ~ ~  rnode err 
rlissi~.w~terl. llhr nrnrlrrlnlinn I?/' ilie exjmncnlinl aln~raj~ing qr!rlhc grvurid rrrode is p~whoh!v a resutl 
c!/'t/,cr rwrrftrrrr of the c e ~ ~ r e  qf.v~n.w o/'flrr hnr due fo rxcilnfir~~t. 

All longitudinal and flexnrnl (trims\~cwc) vibrational ~nvdcs am rolatcd to You~@s d u l n s .  ' l l ~  lorsionrcl 
~ n d c s  givc inforn~aliorr ;bbont dlwr modulus. In li~crnhrrr? it is dcscrihed in daail albicl~ prnccdurcs hm-a to be 
follo\wd and how lcsl qwinicns ha\.c lo bc cscilwl in ordcr- to .xli\slc tllc dcsircd vibrational modes 17-1 31. 
Tho puwr of lhc in~pulse cscilstion lccfiniquc lics in Ihc ficr lhni thc low-level stress which is applied lo the 
nralcrial docs not irrilialc non-lincar or non-claslic phcnon~cne. Tltc slrcw itsclfis applied in n wry sborl litno 
inlc~l-a1 (a pulse) and i n i h  Julip-linlc internclion will1 lhc specimen as in traclitiolel m ~ i c  icchniques 
sr~pcrfl~mus. Thc esdtation cmm?s r brontl spa!lnrtn or vibrations including Ihc gronnd modc. but withowl 
inilialising irtclaslic distorlions or lnolioli or lhc ccnlrc of nwss. Nwcr~hclcns, the cscil;nior~ m.v cmx 
pr;rcticst pmble~ns. cspcci;dly w11cn ghc s~xx:imncns arc snrall or fight (motion of fl~c m l r c  ofnmss!) or placed 
in a furnnn: bnl il is asronishing how msily lhc gmnnd m d c  can bc rcli\rtcd by evcn the ligl11cs1 strikc or I , ~ X  

Thc irml crucial part ofihc iilnp~lsc cscilnliwl tcchniquo is tlw scam by which ihc clastic wwwcs arc captural. 
I'rcfcrnhly. ddcclion slronld bc pcrrormcd willwul nlaking co111ncl to illc sample. Tlic ~IIOSI ohions nonanlact 



scnsal., considering ihc frqacncy rnngc, is a niicroplionc. Allhough uschl in n 1;ery widc rrcmgc. it is vcq 
xnsilivc for dislurbanu: and noise Fmrii llic cnvironrscrl. By nsirig n m ~  guides. thc wuml II~RYCS can bc , . 
d~;a~rrclIcd This tcchniquc is wed lo rcgislcr !lie W I I I ~  waves of R m i ~ o c n  at high lanycralurc outside n. 
r~~rnncc. 'l'lkc ~tcqscncy of chc ground modc of a bar of SiC as a funnion of lc~nperalurc motrsurcd by chis 
tcchniq~~c ir sllown in I ig~~rc  2. 
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Piczo-clcctric sensors: on Ihc olhcr hand. niakc dim1 contacl to lhc spe$nicns and n1a.y dislurb i l r  claalic 
liiodcs. allcring lhc frcq~cctrclcs. Dqil wt~i~llanlj' l l t i x  ETTCCI i s  ncgligihle. For suftlcienlly mssicvc spccilncns 
Ihcsc typos of mxiitive sensors ltavc bocornc 111~ standard sensor for sacral applicaliot)~. 
As a conclusion, nllliorrgl~ tllc available acnsors covcr a vcry wide range of applicalions. rnmsurcrnc& 81 high 
and low tcmpcratrrrcs, in hostile ol~vi~onnicnts. or1 small spccitncns. in wc1ru111. clc...can no! be parormcd 
cnsily. 'I'hcrcforc. an oplic8l ncnsor wrs dc\rlopccl. 

11~: dctoclion of Iw\a plicnon~cna likc rrllra m ~ n d  by I I W I I ~  of qniml ~ccl~i~iqi~cs is a ~ 4 1  eslablishcd 
lcclukiquc in solid stale physics and nh?$criaIs rcscarch. 'I'lda indicetcs ilia1 oplical sct~sors arevery suited la, for 
tlx dc?Iection of cfaslit dlslortions is nuttcrisls in Ulc high and low Icullpormlrc rallgc and in vcty slnall 
spccin~cns. I'mbrlbly. it can rcplnw tllc ounvcntional scnmm in sornc slatlard npplicntions. 
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Optical Iccl~niques can bc ditidccl mglrly i~rto i~~lcrfcrmidric arid lion-i~lerfcrom~ric lccl~niiqr~cs 1141. Tl~c 
practical PI-obloms which onc cncminlcrs wilh any oplicsl Icclnniqrcc arc vibrations of the setup, sc~)IIcring drcc 
lo m ~ g h  st~rfaccs, air Iorln~lcncc in f~~rnecos. intcrfcring rcflcclions on window of lirnlaccs and cryoslats, eic... 
Act~mlly. IIICI-e is no nniqiw opliwl dclcclion iwtmiqrre n-l~icli cmVcrs all applicalions 
Tllc corlfigwiNio~h of:m iritcrkro~nclric sclup is sliown in figure 3. All intcr~cron~ctric ~ C ~ E O I S  arc b a d  on 1l1e 
principle rhnl (conninonly) a l a s c ~ ~ a ~ n t  is rcIlcEtcd on t l ~ c  vibr;~ting m;ntcrials slirf~ce ( wl~ich acts nw onc of lhc 
t ~ ~ i r r w s  YII a M~CIIC~SQII intcrfcro~lldcr) and i111crfcres will1 I11c ~indisturbcd laser bxln.  ThC clsstic iwvw ha\w 
csscnlii~lly t w o  cffocts on tho rcflccrcd lighl: a p lmc modtnlrrlioe and a frcqucnc)' shi?, The infornrmalion 
wnt~incd in this light is. nncr dctcction, procrssed by slandard clccltonics. A descriptio~i of thc I I W ~  

Iccl~niqucs mn  bc Tonnd briefly in rcfcrcncc 14. A dclnilcd dcxxiprio~~ or linc scnsor will be plrblisl~od 
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