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RecentlybthecopperheatexchangertubesfOr 

airconditioningshaveathicknessoflessthanl 

mmtoextractbetterperfbrmanceDuringthe 
processofthinnmgtubes、defectssuchasmicro

flawshaveaccidentallyoccurredonthetubesur-
faces・Ｉｎｔｈｅｃａｓｅｏｆｔｈｉｎｔｕｂｅｓ，evenifaflaw

reache呂onlyafewtensmicrometerilldepth，ｉｔ
ｗｉＵｃａｕｓｅａｔｕｂｅｂｒｅａｋａｇｅｄｕｅｔｏｂｅndingorflaI‐ 
ingprocesses・Ａｔｔｈｅｌ〕resenttlnle,colllmercialin-

situeddycurrenttestingsystemcannotdetectsllch 

shallowflawslessthan50micrometerindepthIn 
thisstudy,anondestructiveevaluation(NDE)sys-
temhasbeendevelopedfbrin-siljuindpectlonof 

microflawsonthecopperheatexchangeｒｔｕｂｅｓ 
ｕｓｉｎｇａＨＴＳＳＱＵＩＤＴｈｅｇｏａｌｓｏｆthisstudyare 
fbnowing：toestablishaSQUJDNDEtechnique 
thatcandetectalnicroflawoflessthan50mi-

crometermdepthollthetubes・andtoconstructan

in-situSQUIDNDEsystemfbrthGtubesthatcan 

beemployedinpotelltiallynoisytubefactories1in 

whichthetubesillthinningprocessaremovillgat 
avelocityof60nl/mill(MeastA11eLldv-currelL 
baSedSQUIDNDEsystemwasconstructedusillg 
anHTSSQmDgradiometerandHellnholtz-coil 

mducerrhmcoppertubesof6.351nmindiame“ｒ 

andO8mminthicknesswereprepared、Theyhad
artificialflawsoflOOmicroｍｅｔｅｒｉｎｗｉｄｔｈｌ５ｍｍ 

ｉｎｌｅｎｇｔｈｉｍｄｌＯｔｏｌＯ()micrometerindepthonthe 
surfacesｏｆｔｈｅｔｕｂｅ５．individuallylntheprelim-
inaryresearch，thetllbeswel･emovodstepwiseby 

astepper-motorthroughtheinducer､whichgener-
atedanexcitationfiｅｌｄｏｆＬ６ｍｉｃｒｏＴｎｔ５ｋＨｚｔｏ 

ｉｎｄｕｃｅｅｄｄycurrentsiI1thetubes、Thegradiome-
ter､whichwassetabovethetubeswithfLlift-olfl5 

mnLcoulddetectananonlalousmaglleticresponse 

duetotheflavvof30micrometermdepthwitｈａ 
ｓｉｇｎａｌｔｏｕｏｉｓｅｒａｔｉｏｏｆ２０Ａｆｔｅｒｔheimprovement 
ofthesystem・inwhichthetubescouldbemoved

colltinuouslybyamotor，ａＨａｗｏｆｌＯｍｉｃｒｏｍｅｔｅｒ 

ｉｎｄｅｐｔｈｗａｓｃｌearlydetectedbythesystemwith 

avelocityoftubemotionat24m/ｍｉｌＬ 
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ＷＭ１ｆｗｅｓｅｔｕｐａｓｃａｎｎｉｎｇＳＱＵＩＤｐｒｏｂｅto 
studythecircuitboardsinunshieldedenviron-

lnellt・Inordel・toimproveits8patialresolution

apermallovneedlewasusedasafluxguide・ＴｈｅU 

Hllxguidemakesitpossibletomeasuresamplein 
airroomtemperature、Inordertoreducethedi5-

tortionofmagneticfieldtheSQUIDwasdesigned 

withasuperconductingfluxtransfbrmertofOcus 

fluxintotheplckuploopofSQUIDmagnetometer 
ofSSMThescanningSQUIDprobedetectsthe 
magneticfieldsofcircuitsusingthelock-indetec-

tiontechniqueordirGctlymeasuringthemagnetiC 

fieldhrthGrmore、wescannedthemagneticdots
andplantmagneticfield 
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WehavebuiltaprototypesystemfOrNuclear 

MagneticResonfmce（蕊ＭＲ)andMagneticRe尉o-
nanceImaging(ＭＨ）ｔｈ凡temploy罰ａＳＱＵＩＤａｒ‐
ｍｙ(numberofchannels＞10)andoperatesinmea‐ 
surementfieldsoftlleorderoflOmicroT・Thesys-
temusesapre-polarizingfieldofapproximatelylO 

InTgeneratedby儲impleroomtelnperaturewire

woundcoilsthaMrGturnedoffdllringthemeaf;llre-

mentperiod，TheinstrumentllaIsanopengeome－ 
trvwithsaInpleslocatedoubsideofthecryostatat 
roomtelnperature・Ｗｅｈａｖｅ()btaiI1edNMRspec-

trah･ｏｍａｖａｌ･ietyofsamplesinclu(linglivingtissue 
alldsimplemul(;i-channelMRIimageshavebeen 

recordedlbrawater-plasticｐｈ孔ntom・Advantages

toultra-lowMd(ULF)ＮＭＲ/MRImeasul･enlents 
includelowerBu5ceptibilityal･tifactscausedbyhigh 
Rtrengthp()lari"ingalldllle&Lsllrementfields・alld

negligiblelinewidthbroadeningdlletomeasure-
nlentficldillholnogeneity、１.educingtheburdenof
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