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l .Generaldescription

Inrecentyears,manyauthourshavestudiedAcousticEmissions(AEs)ofrocksunderhighpressure

fromtheviewpointofseismology.

ThesourcemechanismandsourceparametersofAEshavebeenstudiedbyHirasawaandYamamoto

(1982),OhnakaandMogi (1981, 1982),Kusunoseetal. (1980).Themainresultsareasfollows : (1)The

sourcemechanismofAEsmustbeshear-typecracks. (2)Theb-valveofAEscalculatedbythedistribu-

tionofmaximumamplitudesdecreasesinthefinalstageofrockfailure. (3)Thepredominantfrequency

ofAEwavesoccurredjustbeforerockfailurebecamehigher(Kusunoseetal., 1980)orlower(Ohnaka

andMogi,]b81,1982).Theseexperimentshadbeendoneunderconstantrateofstressincreaseorunder

constanthighstress.

Sanoetal. (1982)studiedtheb-valueusingaservocontrolledtestingmachine.Theyshowedthat

underconstantrateofaxialstrainincreasetheAEeventcountrateincreasedexponentiallyandtheb-value

decreasedwithstress.TheyalsofoundthatunderconstantrateofdilatantstrainincreasetheAEevent

countrateandtheb-valuedependonlyuponthedilatantstrainrateandtheb-valueisininversepropor-

tiontothedilatantstrainrate.Theysuggestedthattheb.valuemustbeoneofthemostusefulprecursor

ofrockfailure.

ManyresultsonAEsshowthattheremaybeanalogybetweenAEsandearthquakeseventhough

thereisquiteadifferenceindeformation.WewilltaketheviewthatthereisanalogybetweenAEsand

earthquakesand, inthisspirit,wewilldiscussthesourcemechanismofAEs. Inthispaper,wedescribe

themethodandtheinstrumentforourexperiments.

2．Environmentofinstrumentsforexperiment

Inourexperiment, itisnecessarytotakeandstorereal-timedataatconstanttimeintervalandat

randominstancewheneveranAEbursts. Itisalsoimportanttocontrolstressorstrainconditionofarock

samplebyusingacomputer.Allrequirementsmustbeconsideredwhenconstructingthenewsystemwhich

includeswithsoftwares(AETHV2,XYPRE,DRCPBK,SELPBD)andahardware(HRMTS-01)whichcon-

nectsaminicomputerPDP11/10toaservotestingmachineMTSModel-450andinstrumentsforacoustic

emissiontesting.

ThePDP11/10inour laboratoryisoperatedunderRT-llOperatingSystemwhichcanrunuser's

FORTRANprogramwithsomedevicehandlers. ItisusefulforustousetheRTSmoduleprovidedinthe

PDPll/10totakeanalogdataandtosendreferencevoltagestotheMTS-450.

Thetransientrecorder610B,oneoftheacousticemissiontestinginstruments,convertsanalogAE

wavestodegitaldatawith6-bitresolutionandmaximumlOMHzwordrate,andstores256data.The610B

canbecontrolledexternallybycommandsignalsandoutputsanaloganddegitaldatastoredinit'smemory.

秋田高専研究紀要第20号



－91－

DevelopmentoflnstrumentationforAcousticEmissionTesting

OnceanAEoccurs, the610Bstartstorecord,andsendsdatathroghachannelwhichisusedforrecord-

ingstressandstrainataconstantinterval.TheDR11-C,agenelal-purposemterfacebetweenthePDP11/10

andauser'sdevice,couldbeusedtotransferdigitaldatainthe610B.Butthemaximumdataratethrough

theDRll-Cistooslowforthispurpose. ･

ThefollowingsarebasicallydesignedfOrthenewsystem.

(1) TheRTSmodulewithacompletionroutinewillbeusedfortakingandstoringanalogdataandfor

controllingtheMTS-450.

(2) HighresolutionreferencevoltagesfOrtheMTS-450willbeproducedbyal6bitD/Aconverter

(3) AEeventcountmustbecollected, displayedandtransferedtothePDP11/10withathree-digit

number.

(4) AEwavedatastoredinthe610Bmemorymustbeconvertedtoanalogdatawithsuitableinterval

tofitthefrequencyresponseofananalogdata-recorder.

(5) SomesafetyfunctionsfortheMTS-450mustbeconsidered.

3．HardwaredescriptionontheHRMTS-OI

TheHRMTS.01isinasmallbox. Inthefrorltpannelofit, therearethree-digitnumberindicatorh

AEeventcount, one-mgitnumbermdicator forlSTAT,apairofLEDs(greenandred)formodeofopera-

tionoftheHRMTS-01andtwoBNCconnectorsforinputsignalfromAE-amplifier(right)andsignalout-

pUtofthel6bitD/Aconverter(left).Twointerfacecables#land#2withBeIgheadeIsconngout

fromtheDR11-CinthePDP11/10joinBergpinconnectors#land#2,respectively,intherearpannel

ofthisbox・Signalstoorfromthe610Bpassthrougharoundconnector.AnalogAEwavedatathrough

theHRMTS-01comeoutfromtheD-style25pinconnector.

ThepowersoUrceoftheHRMTS-01isAC115V,60HzprovidedfrompowerboxofthePDP11/10

throughanoisedelimitater.

TheHRMTS-01iscomposedof8circuitblocks.Thefollowingdiscussionisprovidedtoaidinunder.

standingtheinvidualcircuit.

(1)Triggeringsystem(Fig.1-A)

ThesystemproducesapulsewithaboutO.5msTTL-level (TRGo)whenAEsignalsappliedtothe

BNCinputconnectorexceedapresetvalueofathresholdvoltage(VTh).TheVThcanbechangedfrom

Otol20mvbyusingatrimmerresistanceonthecircuitboard.ThemaximumrangeofAEsignalsmust

bebetween－5vto+5v.TheinputresistanceattheBNCconnectorisabout20kohm.

(2)Commandgenerator (Fig.1-B)

Thisblockproducescommandsforthe610B, that is,anexternal trigger(TRG)synchronizedwith

TRGotoholddatainit'smemory,wordcommandsignals(WDC)topulloutanextworddatafromthe

memorytothebufferandanexternalarmsignal (ARM)topreparethe610BenableforthenextTRG.

ThetrainofWDCsignalsstartatthenegativegoingedgeofTRGandcontinueforlsec.generatingWDC-

plusewith4msinterval, sothat250datacomeoutfrommemoryofthe610B.The4mstimeinterval is

providedbydivide-by-fOuroperationusinglkHzgeneratorintheDisplaycontroller.TheTRG,WDCand

ARMcommandsareenablewhenlSTATintheAETHV2islor2.

(3)Externalanalogconverterforthe610B(Fig.1-C)

Thispartproducesanalogvoltagessynchronizedtothebufferofthe610B.TheA1(MSB)andA2of

digital inputsofeachD/Aconverteraregrounded,becausethispartuses8bitD/Aconvertersandthe

resolutionofthe610Bis6bit.Theanalogoutputsarebufferedbyoperationalamplifierswithzero-trim-

mingandsmoothingcircuits.AtestforeachD/AconvertercanbedonebyusingeachBCDrotaryswitch.

(4)AEEventcounter (Fig.1-D)
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Fig.l-E:DisplaycontrollerwithlKHzoscillator.

Fig.l-F:ReferencevoltagegeneratertotheMTS-

450,andconnectiondiagramofoutputbus

linesfromDR11-CandDoo'smodeopera-

tion.

+5v Fig.1-G: I/Obuslinescontroller.

ThispartconsistsoffourBCDdecadecount-

ers.ApositivegoingedgeofTRGmustbeaninput.

TheoutputsofeachBCDcounterA,B,CandD

correspondtothevaluel,2,4and8,respectively.

ThetwelveoutputsAn,Bn,CnandDnasn=0-2

areconnectedintothebuslinesoftheDRll-Cfor

input lNO4-IN15throughtri-statebusbuffers. It

mustbenotedthat thebus linesrequirebinary

data, sothatamodeficationBCDtobinaryshould

bedoneinasoftware.Thereasonthatoutputsare

notconnectedto lNOO-IN11standsonthenotice

ofYi-HsienDoo(1982)whosays"BIT30FTHE

INPUTBUFFERONTHEDRll-CBOARDSTAYS

HIGHALWAYS". Inputstothecounterandout-

putstobuslinesoftheDRCll-Careenablewhen

ISTATintheAETHV2isl.

(5)Displaycontroller(Fig.1-E)

Therearethreetypedisplaysasmentionedbe-

fore・SevensegmentsLEDsaredrivedbyaripple-

blankingmethodwithlkHzfrequencyandone-

thirddutycycletosavepowerandheat.ThelkHz

pulsesareproducedbyanoscillatorcomposedofa

timerlCdevice,resistersandcapacitors.Theaccu-

racyandstabilityofthis.oscillatorissufficientfor

ourpurpose・ThegreenandredLEDshowthesta-

tuswhethertheHRMTS-Olisunderprogramcon-

trolornot.Thestatuscanbedefinedbythered

push-bottanoperatedonlymanually.Usermust

payattentiontotheseLEDswhenhestartsthe

experimentusingtheHRMTS-01.

(6)ReferencevoltagegeneratortotheMTS-450

(Fig.1-F)

Thispartconsistsofal6bitD/Aconverter

(AD-DAC72-COB-V)andsomedevicesandgener-

atesanalogoutputsranging-10vthrough+10v.

Digital inputstotheAD-DAC72-COB-Varecon-

nectedtobuslinesoftheDRll-COUTOO-OUT15

ortest8bitdipswitchesthroughtri-statebusbuff-

erscontrolledbylSTATintheAETHV2.When
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Fig.2TimingchartofTRGo,TRG,WDCandARMwhichwillbeproducedwhenAE-signalsexceed
athresholdlevel.

ISTATisO, 1through2and3, theoutputsresponsetotestswitches,LEVELsintheAETHV2anda

fullscalevalue,respectively.TheAD-DAC72-COB-VusestheoffSetbinarydigitalinputcodetobediffer-

entfromthedigitaloutputcodeoftheDR11-C.Usermustdesignhisprogramcarefully.

(7)I/Obuslineslinescontroller (Fig.1-G)

Thispartconsistsofadecorderofcontrolandstatusregister'soutputs(CSROandCSRl)fromthe

DR11-Cboard.TherearethreemodesofoperationindicatedbylSTAI､ intheAETHV2fortheHRMTS-

01. ISTAI､=0,1and2denote<(RESETALL'','!ENABLEALLFUNCTIONS''and!1ENABLEALLWITH-

OUTAE-EVENTCOUNTER''. ISTAT=3isnotrelatedtoanyfunctionnow. ISTAT=0through3are

effectivewhilethegreenLEDisflushing.Onthecontrary,onlylSTAI,=0isallowedincaseofthered

LEDtobelit.ValuesofthelSTATshouldbegivenintheAETHV2.

(8)Powersupply

Thispaltconsistsoffivepowersources,whichare+5v(3A),+5vand-5v(0.5Aeach),+15vand

-15v(0.3Aeach).Theformer3sourcesuse3-terminalvoltageregulatorsandthelasttwoareproduced

bytheBurr-Brown'spowerunit.

Figuresl-Athroughl-GshowcircuitdiagramsinHRMTS-01・ThetimingchartofTRGo,TRG,WDC

andARMisindicatedmFigure2.

4．Softwaredescription

TheprogramsforourexperimentarewritteninFORTRANandMacroassembler.

TheAETHV2withCOMP,HRMTSOandON7015istheprogramfortakingdataandcontrolUngthe

MTS-450inourexperiment.ThisprogramallowslOOHzsamplingfOrlOchannelsincludingAEevent

countandtocontrolaxialstressofasampleintheMTS-450underconditionsofincreasingordecreasing

constantly,holdinganddecreasingrapidly.Theseconditionsmustbechangedbyusingotherincrement
ofLEVELintheAETHV2.

TheXYPREwithAENUMOandBEEPmustbeexecutedafterAETHV2running.Thisisthepro-

gramtosortoutexperimentaldataonthefileRK1 :EPRST・AEDandsendittoaspecifiedfilewhich

willbeusedforanalysis.TheAEeventcountdatawillbemodifiedbytheAENUMOasmentionedin
Section3.

TheDRCPBKwithCOMPandBEEPistheprogramfortakingthedataofAEwavesrecordedon

ananalogmagnetictaperecorder・Thecapacityofasmaplingrateisdependonthetransferratebetween

秋田高専研究紀要第20号
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theinterfaceAR-lltothediskfileRK1:DRCPB.DAT.Themaximumsamplingrateexaminedis250Hz

fOr4channels.TheRKl :DRCPBDATmustbeverylargevolume, sothatusershouldprepareandset

almostanemptydiskintheRKlposition.

TheSELPBDwithTRSXYO,PENCTOandBEEPmustbeexecutedafterDRCPBKran.Thisisthe

programtosortoutAEwavedataontheRKl :DRCPB.DATandsendittoaspecifiedfilefordataana-

lysis.Usermustsetthehp-7015Brecorderbeforethisprogramwillberun・ThenAEwavescanbeseen

onthehp-7015Bandcanbeselectedwheneveruserinputsparametersofarequest, startingandending

timeandafilenametokeepdata.

TheHowchartsoftheseprogramsareshowninFigure3-Athrough3-D・Moredetailedcommentsand

operatingproceduresarewrittenineachprogramlisting.

5.Conclusion

OurexperimentswereperformedunderuniaxialcompressionbyusingWesterlyGranite(WG)and

SierraGranodiorite(SG)samples.Thesizesofsampleswere22.2mmand25.4mmindiameterand42.1mm,

52.4mmand56.0mminlength, respectively.Mearlstressincreasingrateswere2.8,3.5,5.0,7.OandlO.7

MPa/min.Thestress,strainsandAEeventcountofasampleweretakenbythePDP11/10atlsinterval.

AEwaveswererecordedbyahp-3960analogdata-recorderwithl5/16inch/sectapespeedtoallow250Hz

frequencyresponse.TimemarkerstosynchronizedataaquisitiontimebetweenPDP11/10andhp-3960

data-recorderwereprovidedbyusinganoutputregisterforanadditionalD/Aconverter.Thetimergen-

eratesdifferentpulsehightsignalsfOrlsec., 1min. andeverylOmins.Theschematicdiagramofourex-

perimentisshowninFigure4.Figure5isanexampleofdatatakenbythePDPll/10.DatalinesO,lth-

rough6and7indicatestress,strainsandAEeven'二countofasample,respectively.AEwavessortedout
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Fig.4SchematicdiagramofAcousticEmissiontesting.
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S6-3, 8-12-83bySELPBDareplottedinFigure6.Fromourre-

sults,weseethatthenewsystemworksverywell.

WewishtoexpressourthankstoMrC.Chu

andMrL・Hirshforvaluablediscussionsonpro-

grammingtechniquesofthePDPll/10.Thispro-

jectwascarriedonbythegrantUSDI14-08-0001-

21532.
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