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A血血L：The saond phasc of（he decplCC COre dr川ing at Domc F再i，  

AntarcticaisplaTlned10becarriedoutiTlthreesuccessivesummerseasonsstarting  
什om2003／20MwithanimprovedJAREdeepicecoredriJJ．On thebasisor  

tesIs．m町Orimprovementswercmadeincludingextensionorthecorebarrelto4  

m，addilionofamorepowerfulchip＜01Jec（lngPurnp，additionoracheckvalve  

toavoidlossorcollectedchipswhi】ehoistingthedrillinboreholeliquid，anda  

morepowerthldTil］motor．Thisreportdescribestheimprovementsandresultsor  

lhetesIs as orDecembcr2佃）．  

1．I山一rt畑uetioll  

In1996，theJapaneseAntaJT（icRcsearchExpedition（JARE）drilleda2503rndeep  

icecoreat Dome Fltii，Anlal℃ticawith an electro－m∝hanicaldrillingsystem（Dome－F  
DecplceCoringGroup、1999；FLdiieta［．，1999，2002）．Thedevelopmentorthedr川（We  

heTeaftercallitthePhascTddll）wasreportedhFqjiieta／．（1990），Tanakaetal．（］994），  

Naritaeta／・（1995），andTakahashie（a／．（1996）．．ThephaseIdrillhadacapabilityto  

Obtain2・2mcoreineachdriHingrun．JcecorequalityWaSpe血tbutwehadtospend  

muchLimecollcct］ngChipsthatleaked什omthechipchamberinthedrilItotheborehole  
liquidduringhojstlngOrthedril］，rePalnngbadelectricalcontactinthedrillandsoon  
（Fl再iigJαJ．，2002）．  

ThesecondphaseofdeeplCeCOredri）lingalDomeFttjiwi11aimtoreachbedrock  
atadepthof3030m斤om［hesu血ceinthreeモummerSeaSnSStartingn－om2003／2∝粗・  
Preliminaryfieldwork commencedin2001to tnstalIa caslngln a pilot hole fbrthe  

SubsequentdeeplCeCOredrming．Thelimiteddri】1ingtjmeresulting斤om workingln  

Onlythr∝SumTnerSeaSOnSwi1lrequlreareliable，high－SpeeddrilL TheJAREphase2  

‖7   
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dri‖requ】reSPerfbrmanceswhichenablewholedepthcoredrillingtobedoneduringthree  
summerseasons・Thern句OrareaSOfmodi鮎ationorthephaseldrillaresuTTlmarizedas  

blIows．  

T）The2．2mtongbarTelusedin【hePhaseldri”wi））beextendedIO4m・  
2）AmorereIiablechip－COneCtingdevicewillbeinsta11edinthedrill・［nthephasel   

drillanArchimedeaTIPumpandoneturnscrewboosterwereemployed・Thissystem   
willnotbesu代cientfbrtransportationandstorageortTleincreasedchipamount・  

3）AcheckvaZvewilZbeinstalledinordertopreventf］ushingofco］1ectedchipsoutof－  
thechipchamberduringhoistlngOfthedri1l・  
4）Amorepowerfhldrillmotorwi11berequired・Thedrillmotorusedinphasel，an  

ACbrushLessmotor，required acomplicatedeJ∝trOnicdriverand the high motor   

speedled（OtrOubleswith（hereductiongear・Thephase2drillwi1luseasimpleDC  

bruSh motor．  

乙 E恥etofextemdimgthecoreb肝rel  

Tablelshowsestimateddri11ingtimesand ratesatdi能rentdepthsfbrthephase2  
drilling．The table assumes the fbllowing：））An average corelength or3・5m・  

Althoughthecot℃barreLwi”be4m］ong，aR川1engthcorewi17notbeob（ainedinevery  

run．2）Anaveragehoistingand）oweringspeedofO・8m／s・Thisspeedwasobtainedin  

thephaseldrillingatDomeFtLji．Weareplanningtoincreasethisspeedfbrthephase  
2drillingbutweusethephaselstatisticalvaluesfbrtheestimation・3）Acuttingspeed  

of］5cm／min．4）Adri11ingtimeor16hrs／day．Theremair）ing8hoursw川beusedfbr  

chjpco11eetion and maintenance，OreXtradrillingirrequired・5）Toestimaterealistic  

totalworking days，We add some days to the totaldays theoreticalty estimated fbr  
unexpeCtedworkbasedonexpenenCeduringthephaseldri））ing・  

WiththeseassumptlOnSWeeStimate128daysfbrthephase2dr紬ngprovidedthat  
there are no m叫OrPrOblems such as adriLlbecomlngStuCk・This means that three  

summerseasonsshouldconservativelyprovideenoughtimefbrthephase2drilling・  

乃抽／．出血‡αぬ〃qrd朝伽g由紀  

Deplb  

也me  也me  time  
p亡ー几m  permn  to  tolh亡  

tmubles   d印血   

dep血  

（叫   

500  22．7  23．3  15  15  76  t3  45．5  8  31   

1000  43．5  23．3  15  10  91  10  35  2l  52   
1500  糾．3  23．3  15  10  112  9  3l．5  36  68   

2000  85．2  23．3  15  0  123  8  28  52  85   

2500  106  23．3  15  0  144  7  24．5  72  105   

3000  126．8  23．3  15  0  l‘5  d  21  95  128  
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3．Chippumpsy如em  

ヱノ．乃JJ甲田那加♂  

Becauseofthe］argervolumeofchipsthatwi11beproducedbythelongercoredri11ing，  

WerequlreamOree仔∝tivepumpsystemthan the phase）drill・FourtypeS Ofpump，  

includingaoneturnscrewboostersimiLartothatusedinthephaselddJling，arebeing  

tested．  

Allpumpstested aremadeto危tintoa］12mmdiametertubewhichistheactual  
djameter．ThepumpsIestedare：   
（］）A one－tum SCreW booster（Fig．Ia；Suzukiand Shinbori，］985，】986）．This  

boosteristhesameastheboosterusedfbrphaseldrilling．Wealsotestedboosterswith  

pitchesof－25mm，50mm，］00mmand150mmfbrcomparison．   

（2）Athree－VaneSCreWPump（Fig．］b）・Thispumpwasdesignedontheassump－  

tionthattheboosterpumpworksmainlyasaliquidimpe1］er、butthethree－VaneSCreW  
PumpisexpectedtomovealargervolumethantheothertypeSOrPumP・Wehavetested  
twodi恥rentkinds with vanesat45b and600斤oTTIthehorizontal．We havealso tested  

bothsingleanddoublepurnps．   
（3）Conveyerpump（Fig．1c），Thispumpworksasamecharlicalconveyortrans－  
poTtJng【hechipsandslush．Theconveyerleadisputaroundthedrivesha魚overha］ror  
moreof’thelengthinthechipchamber．   

（4）Mohnopump（Fig・）d）・ThistypeOfpump，generallyknownasa“progressive  
CaVltypumP’’、WaSuSedsuccessfhIlybythePolarIceCoringOmcein（heGTSP2deep  

dri11ing（Wumkes．1994）．SincethispumpcancarryeVenSOlidmaterjalsuchasmudand  
Sand，itcaneasilytransl氾rticeslush．ThcpumptestedisaModeINTL30PSLofHeishin  

Engineering＆EquipmentCo．Ltd．withspeCi鮎ationsortransportationabi］jtyor7［／min  

at70rpmanddischargepT℃弘ureOrO・1MPa．Thepowerconsumpt10nOfthemotoris  

O．75kW．  

∴
．
、
 
 

a．  C．  d．  

f融J．ゐ〝′脾q／p〟JI甲払貯J♪＝郎乙 α〃0〃ケ仙川∫〝PW如か〃祓研一叩〝g研W  
ク〟叩C・αぐ0〝呵γ〝ク〝J岬α〃d d・飢仇血町晰叩   
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（5）TheNGRTPdr川dua】action pumpborrowed什omtheUniversityorCopen－  
hagen．   

ヱヱ 尺肌血qrJ如♪〟J御仁O〝卿血〃知J  

Thetestoffburpumpsevaluatede代ciencyftomtheviewpo］ntOfpracticaluse．The  
ArsttestwasconductedinDecember20qusingadeviceasshowninFig．2．Theresults  
are shownin Table2and aresummarized as fbllows．   

（1）NoTleOftheboostertypepumPSCanCreatedischargepressureandhencearenot  
Saidtobeliquidpumps．Theyapparentlycarrytcechipsbymechanicalconveyoraction．  
TherearetwoimportantrequlrementSfbrtheboostertypeofpump：Oneisthatmultiple  
Verticalribsarerequiredontheinsidewallofthejacketinordertorestrictcircumftrential  
movement orthesIush andcreateprogressive刊ow，theotheristhattheflowresistance  
throughthechipchambermustbeminimized，elg．byexpandingthe別terareaorcuttlng  
largechipsbecausethesepumpscanllCreatePreSSure．   
（2）AdoubleboostertypePumpdoesnotcreatedischargepressureasweexpeCted．  

WeexpeCtedthatdoubleboosterswou）dsuckthesamequantltyaSaSlngleboosterbut  
WOuldproduceahigherpressureasinamulti－Stagepump．   
（3）TheMohnopumpandNGRIPpurnpareJiquiddisplacementpumpsbecause  

theliqujdnowissemi－indeper］dentorthe月owresistance．   
（4）TheMohno pump’sdischargerateisassmallas71itersperminutewhichis  
insu用cientfbranicedri11ingpump．Thebiggermodelorthiskindofpumpcannotbe  
installedin the driJI．   

（5）TheMohno pumpalsoconsumed the most poweramongthe pumpstested．  

f勒ユ ノゐγ血ビ♪′J田血gJ）以〝甲且   
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ノb′〃G尺〃，ク〟叩ノα〝d棚おrJe叩JⅥ抽〝q／J∂－J70C ¢脚W用ね〝／椚叫，丹  

昭貯′ク作∬〟〝（用例q「Wαおり，I竹匹Wg′ビ〃那叩血〃「lり  

B00Sterpitch：    ち00Sterpitch：    Boosterpitch：  Booster  
25mm  50mm  100mm  pitch：150mm   

Chokc  
叩Sltion   

Open  13．3  0  50  21．5  0  51  28．1  0  54  29．4  0  49   

13．3  0  50  19．9  0  51  25．2  0  54  25．4  0  49   

2   10．7  0  50  15．3  0  51  17．0  0  54  16．8  0  49   

3   7．8  0  50  9．l    51  8．5    54  8．7  0  49   

4   2．9  0  50  3．9    51  2．2    54  3．2    49   

Closed  0  0  49  0  3  49  0  2  49  

3－VaneSerモW    Doubl亡3－V8ne    3－VameSSCI亡W    Double3－Vame  

45●  紙代W 45●  60●  父柁W 00●   

Choke  
【eSmCtlOn   

Open  31．9  0  51  38．g  0  54  34．7  2  53  35．8  口  49   

26．4  2  51  33，0    54  29．7  3  53  30．6  2  49   

2   17．3  2  51  22．5    54  18．9  4  53  19．6  2  49   

3   9．0  3  51  12．7  2  54  9．9  4  53  10．3  3  49   

4   2．6  3  5l  2．S  3  54  2．1  4  53  1．9  4  49   

口osed  0    50  0  3  57  0  4  53  0  4  

Conveyer  
pump  

Cboke  

restdctioれ   

0匹n  39．1  3  60  6．5  0  38‘  2l．8  ロ  54   
33．4  3  60  6．7  0  38（i  21．4    54   

2  23．3  3  60  6．7  0  386  21．8    54   

3   13．4  4  60  6．5    386  21．0  19  54   

4   3．0  4  60  6．4  52  386  18  184  54   

Closed  0    64  

BoostertypePumpSandtheNGRJPpumphadlowpowerconsumptIOn・TheNGRIP  
pumpalsoshowedhighefRciencywithsteady負owandisphysicallyverysmall・  

▲ Ddllmotor8れd eomluumie8don dモ鵬ees  

Tn thephascL drillingat Dome Fuji，uSlngthe DC bruShIessdrillmotorcaused  

damage or shortlift fbr the reduction gear due toits highrotationaJspeed・The  

complicatedelec（ronicdriverfbrceddifncultmaintenance・Forthephase2dri11ing，We  

PlantouseasimplerbruSlltypeDCmotor・   
ThepowerconsumptlOnOfthedrillmotorusedinphase）issummarizedinTab）e3，  

wherepowerconsumptlOn，OutputpOWerandmotortorquearecalculatedbythefb1lowlng  
equations：  

PowerconsumptLOn，W：W＝VxA，  （1）  

Outputpower，タ：タ＝Ⅳ×ん×々コ，  （2）  

wherek．andk2aree代cierlCjesofthemotordriverandthemotor，taking（hevaluesofO．9，   
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Situation  Ⅵ）ltage  Cu汀ent  

1nputtO  m（）tOr＆  

moIOr  corebarrel 10rque  
V  A   N   W   P   T  

Nm  

（V）   （A）   （叩m）   （kgr．cm）         （Wa【b）  （Watts）   

Idling  185   0．6   11500  111   90   0．07  
1n  
liquid  68  （0．7）   

Cutting  2．0   1115（1  372   301   0．2（i  

at6（粕m  

depth   66  （2．7）   

Cutting  2．1   11236  411，6   333  0．28  
at 2300 
mdepth   67 雫  （2．9）   

respeCtively．  

Motortorque，T：T（Nm）＝P／u，   （3）  

WhereG，isangularvelocitygivenbya）＝2d，Wheref＝N（rT）m）／60．Then，eq．（3）can  

beexpressedasfb11ows．  

T（Nm）＝9・55P／N・（lkgflcm＝0・098Nm，1Nm＝）0．2kgFcm）   （4）   

Thepumpte；tShowedthatthemotoroutputpowerwhileidlinglnliquidwasaslow  

as90W，mOrepOWerWaSrequiredtocutatadepthor2300mthan at600m，andthe  

maximumpowerandtorquerequiredwere333WandO．28Nm．Thedrillmotorwillbe  

ChosenonthebasisorthispoweTCOnSumPt］On・  

Twomotorswjthdiameters）ess（han80mmwereselectedfbrtesting（Table4）．Both  

motorsareofpemanentmagnetictype1Withbrushes・Thesemotorshavetheadvantage  
Ofnotrequ】rtngaCOmPlicatedmotordriver，aSimplerecti鮎rissu代cient；buttheyhave  

thedisadvantagethatthebrushesconstant】yg）VeO打smallsparks・Durabilitytestswere  

COnductedonbothbrush］essmotors，andthedrillcomTT．unicationssystemwascheckedto  

See汀therewasIikelytobeanyproblem什omsparkingatthebrushes．   

ThemotorsweretestedunderconditionswhichsimulatedactualdrillingexceptEbr  

temperature・Themotoranddri11computerwereoperatedinapressurechamberanda  
100mlengthofarmoredcablewasused fbrpowersupplyandcornmunications．We  

T七島ゐ4 旗ぐ卸Jわ〃∫q／甜椚〃／椚ね－おd  

ModelNo．  Ⅵさnti一  Diameter  Oulput  Orque  
＆  1ation  ＆】el唱th  

m且ker  

（Nm）   

PM60  Open  7f！  575   I．l  5（畑  200  3．0   
Parvalux  196  
Co．．U．K  

T5α）  dosed  80  500   l．2  4（XX）  200  2．7  
Tsugawa 160  
Co．．Japan  



Ⅳa t＝＝＝l ln s tit tlt e O f P ola r t！e s e a r c h  

lmprovementstotheJ＾REdeeplCeCOredrill  

乃抽工 尺即〟血q「川¢J¢r血相ム叫γα〃dの叩〟ね′〝川椚〟〝加Jわ那加乙  

123  

Motor；PM00  

Motor：T500  

Stalt  130  2．2  5（X）0  nOne  12，7  11．9   14．0   10．7   

27  130  2．0  5000  爪O11e  33－1  28．6   19．3   10．7   

33  130  2．0  5（XX）  nOne  3S．3  30．3   20   10，7   

41  13（）  2．0  5（榔）  nOne  44．0  32．2   20．5   10．7  

braketheshaR rotationto createaload fbrthe motor．The results areshownin Table  
5．Ascanbesecninthistable，nOnOiseorerroroccurred on thesignal丘omthedrilt  
COmputer，andneithermotorove血eatedeverlafterrunnlngfbrmorethan40minundera  
motorload．BothmotorsandthedrillcomputersecmedtobereIiabIeenoughfbrthenew  
dri11．Inaddition，therewasnoproblemwiththeHarmonicDrivereductiongear6tted  
to the motor fbrthe test．  

5．椚皿1designdph8Se2JAREdeeplee印redrill  

Mostofthem叫OrmeChanicaldesign fbrthephase2deeplCeCOredrillhasbeen  
decided（Fig．3）．The mostimportant reTnaining decision concerns the chip pump．  
Other minor detai1s，Which are not addre＄Sedin this paper，are nOt eXp∝ted to be  
Significant．Table6showssp∝捕cationsoftheimproveddri］1．  

鞠j．伽〃J‘ね！如q／班ピノ」月g〆α∬2虎印加α押励肱   
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1t¢m   Pha£elm∝lel   Phase 2 model 

糎   Electro－meChanical  Sameasphasel   
ddll  

Core  ≠×L  94mmX2200mm  94mmX3800－3900mm   

Cutting speed 15－20cm／min   Sameasphasel   

Staticpressure  30MPa   Samea5phasel   

Dri】1size≠×L  122mmX8593mm  122mmXl1940mm   

CulIer   3×blockIy匹   Sameasphasel   

Corebamり×L  10l．6mmX232lmm  101．6mmX4000mm   

Chipchamber  112mmX3260mm  112mmX5（X沿mm   
≠×L＆dens吋  ク＝5（対kg／mJ   タ＝550kg／m5   

Chippump   Archimedeanpump＆  

1tumscrewh氾Ster   

Motor   DCbrush－lessmo（Or  DCpermanentmagnelmotor   
Outpulpowモー   6（XIWfor15min   Withbrushes．  

600Wfor15min   
Reductionge8r  4st且g叩】旭ela町gear  Hamonicddvetyl光：   

type＆   1／170   CSF】70r20   

円心0  l／50   
Electmnics   Moれitonngcompu暮er  

（10parametcrs）   

Pressu陀Chamber  122mmX17（氾mm  Sameaspha5el   

≠×L＆pressu托  30MPa   

Anli一ぬ叫ue   3×kafspring   Sameasphasel   

Cabk   7H－314K   Sameasphasel   

≠×L   7．72mmX3500m  

Ack－10Wl叫【mentS  

Althoughwesti）1havesomeinsign摘cantimprovemen（SOfthephaseldril）tomake  
andwer）eedexperlmentSandteststoensurereliabiljty，theframeworkdesignorthedrill  

fbrDomeFujiphase2deepdrillingisthoughttobeready，aRerimprovingmqjorweak  

POlntSOrthephase］drill・Wewould］iketoexpressdeepappreciationtotheNGR］P  
dri11ingmembersIWhogaveusuSefu）suggestionsandinfbrmationfbrourdri11improve－  
ment・SpeCialthanksgo to Dr・N・Gundestrup and Dr．S．Johnsen ofthe Niels Bohr  

TnstitutefbrAstronomy，PhysicsandGeophysics，UniversltyOfCopenhagen，fbrproviding  

anNGRtPpumpfbrthetest．  
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