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Abstract

　　　　Anewpolish血gmethodbylarge－areac1㏄tronbeam（EB）hadiatio皿ispK）posed血thisstudy、lnthe

largc－arca　EB血記iation　equipment　used　hero，an　EB　with1丘gh　cnergy　density圭s㎞diatcd　without　fbcusing　tho

beam、An　EB㎞diation　in　a　fヒw　micro　seconds　with　a　max血um　diameter　of60mm　can　be　used　fbr　mclt血g　and

evaporating　mctal　sur飴ce　hstantly．The　exper血ental　results　ma（1e　it　clear　that　the　sur飴ccτoughness　decreascs

丘om6μmRz　to　less　than1μmRz血a　just　fヒw　m血utes　under　a　propcr　mach血g　condition・Thc　corrosion

τesistance　ofmetal　mold　su漁ce　also　could　be　grcatly　impmved　by　large－arca　EB廿radiation，Furthemユorc　it　is

clahfic（i　that　even　the　su漁ce　rou陞mess　of　tilt血g　su血cc　olose　to90。could　be　wcll　improved、Therefbre｝

1arge・area　EB㎞diation　method　has　a　possibility　to　become　a　high－c銀cicnt　polishing　method　ofmctal　mold．

Keywords：electron　beam；polishing；metal　mold；conrosion　rcsistance；EDM

1．1皿h「oduction

　　　　Metal　molds　afe　generally　polishcd　manually　as　the　finishing　process　hl　order　to㎞pτove　the　su漁ce

intcgritysuchass曲cer・ug㎞css，micr・crackandrcsiduals柱essa丘ermi11血gand／orelec出caldischarge

machh止しg（EDM）、This　process　takcs　the　special　technical　skills｛皿（1much　t血e，which　lcads　to　higher　cost　of

molds．Therefbre　it　is　strongly　requested　to　pc㎡bmユthis　process　morc　cfficicntly、Finish血g　robots　with　polishing

tool　arc　partly　used　fbr伽s　proccss．However　it　is　only　applicable　to　the　simplc　shapc　sur琵ce，Most　ofthe　molds

have　very　complex　shape，so　it　is　difficult　to　replace　the　manual　finishing　wlth　robot　f血shing．

　　　　In血is　study，a　new　polishing　method　by　laτge－area　elec柱on　beam廿τadiation1）is　proposed、The　lafge－area

廿τadiation　equipment　uscd　herc　was　recently　devclopcd　us血g　the　phenomenon　ofexplosive　electron　emission2）｝

and　an　EB　with　high　energy（iensity　is㎞diated　without　fbcusing　the　beam，An　EB廿radiation血a　f6w　micro

seconds　with　a　maximum　diameter　of60mm　can　be　used　fbr　melting　meta1血stantly，Using　this　equipment，the

possibility　fbr　high　efficient　fhlishing　ofmetal　molds　is　oxpe血nentally　discusscd、

2，Large・area　EB　irradiation　e｛luipme皿t

　　　　Fig田℃1schematically　illus柱ates　the　EB廿τadiation　equipment2）・4）、This　equipment　is　dcvcloped　recently

using　the　phenomenon　of　cxplosive　eIec柱on　emission、Di貸ヒrently丘om　general　EB廿radiation　pcrfbmユ。（1in　a
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vacu㎜，an肛9・ng鎚・fab。ut10層2Paisbe飾rehand血cd止血ech鋤bef、At㎞t，a㎜即etic且cldisgcncmted

by　thc　solcnoid　coil　mounted　on　the　outcl　sidc　ofthe　chamber、At　the　moment　when　thc　magnetic　field　takes　a

max㎞㎜1intensity，a　pulse　voltage　is　loadcd　to　a血g　shape　anode，h　the　chambcr，thc　clectrons　start　to　move

towards　the　anode．S㎞u1廿mcously，thc　electrons　move　spimlly　due　to　the　Lorcntz　fbrces．Next，即gon　atoms　aτc

ionセcd　by　thc　repetitious　collision　with　clectK）ns，which　genemtes　plasma　ncaτthc　ano｛1e、When　the　plasma

血tensity　takes　a　maximum，pulse　voltage　is　applied　to　thc　catho｛1e．The　eIectrons　are　acceleratcd　by　high　eLectric

行eld　due　to　eI㏄thc　doublc　layeτ負）nned　ne肛the　ca出ode，and出e　cxplosivc　electron　emission　occu路、Then，EB

withhigh　cncrgy　density　is廿mdiated　to　thc　workpiece　su血ce、Moreover，the　plasma　is　o飾ctive　to　make　the　lifb

of　EB　long、That　is，by　passing　through　plasma　rcgion，the　Coulomb’s　fbrce　among　electrons　is　dccrcased　and

血e　stmi帥tness　ofEB　can　be㎞proved．h1出is　system，出e　EB㎞iation　is　caπied　out丘1a　sedes　ofpulses、By

the　abovc　mc皿tioned　mechanism，high　encrgy　dcnsity　EB　can　be　produced　without　fbcushlg　the　beam、Therefbre，

EB　with　a　max血um　diametef　of　about60mm　has　a　high　cnclgy　density　enough　to　melt　or　cvapomte　metal

SUr飽ce丘蛤⑳tly、

　　　　Mach止血g　conditions　are　shown　hl　Table　L　Thc　EB血adiation　time　of　one　pube　is　only2－3μs，and　the

pulse丘equency　is　set　to　O、2Hz、Tho　diameter　ofEB　is　about6〔㎞m　as　shown　above．Metal　mold　stco1（NAK80，

Daido　Stccl　Co，Ltd、）is　prep肛ed　as　thc　woτkpiccc　materiaL　Workpiece　su㎡巨cc　is　bcfbτchand　EDMed　using

copper　cylindrical　elcctro｛1e　of8mm血diameteh　The　sur飽ceτou伊mess　of　the　workpiecc　is　a㎜gcd　to　abo且t

6μmRz．

3．Resultsanddiscussio皿

3．1Ef悔ctsofEB　co皿dido皿

　　　　At　f1蔦t，an　opti皿㎜l　EB　con出tion　fbr　smoothing　sur蝕cc　is　invcstigated　by　changing　the　energy　dcnsity　of

thc　bcam、Figure2shows　SEM　microgr4phs　ofthe　EB廿mdiated　sur魚ce　fbrvarious　cnergy　densities　ofEB．Thc

number　of　hadiation　is　set　to30shots　under　every　cncrgy　dcnsity　condition、The　EDMed　su漁ce　befbre

血adiation　is　also　shown　fbr　comparison．Under　the　small　encτgy　density　condition　of　L4J／cm2，somc　melted

P曲。鋤be・bsc四ed・n出es曲ce．lnthec蹴・f2、1」ノcm2，m。res曲cemelt血9・cc鵬皿ds。出es曲ce

seems　to　become　smoothcL　Fuτthe皿ore，under　larger　energy　dcnsity　conditions，the　state　of　sur鉛cc　completely

dif㎞丘om　the　EDMed　surfゑce　bcfbre　EB　iπadiation．Roughness　curvcs　arc　shown　in　Figure3，In　the　casc　of

EDMed　sur魚cc　befbτe　EB血1diation，the　roug1皿css　is　abo皿t6卜血Rz，On　the　other　hand，those　a飴r　EB

㎞diation　become　smallcr　with　increasing　energy　density．When　the　enefgy　density　is　su伍cicntly　laτge，high

re（iuction　in　the　sur飴ce　roughness　can　bc　a肱丘1ed．

　　　　Figure4presonts　graphicany　the　va直ations　ofsu血ce　roughness　and　the　gloss血css　with　the　energy　density．

The　measurement　of　gtossiness　was　ca血ed　out　in　a㏄ordancc　with　JIS　Z874L　In　this　mcasurement，the

glossiness　of　the　per釦ct　mirror　su㎡琶cc　is（1efined　as　just1000，and　the　value　oveτ300means　generally　glossy

sur飴ce、Thc　sur色ce　rou匹田ess　beoomes　smallcr　with　increasing　energy　density，and　takcs　a　minimum　value　of
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0、7μmRz　at6－7J／cm2、At　that　time，the　gloss血ess　becomes　higher　with　hlcreas血g　enoτgy　density，which

coπesponds　well　to　the　chango　in　the　su曲ce　rou津mess、Howover，excessive　energy　density　makes　the　su血ce

roughness　andthc　glosshless　alittlewo据e、

　　　　In　the　same　way，the　vaτiation　of　surface　roug1皿css　was　discussed　when　the　numbcr　of㎞diation　was

changcd　f｝om　l　to99shots．As　a　rcsult，the　su漁ce　roug㎞ess　dccreased　with　the　n㎜1ber　of　hadiation．An｛ち

when　the　n㎜1ber　of仕radiation　is　more　than30shots，the　sur飴ce　roughncss　did　not　change　so　much、From　the

abovementioned　rcsults，high　e伍cient　sur魚ce　polishing　of　metal　mold　oould　be　atta血ed　by　large－area　EB



丘radiation，s血ce　the　pτoccss　takes　only150scc　under　a　proper　condition　of30shots　and6－7J／cm2

3．2Su血ce　smoothing　mecha血sm

　　　　SEM　micrographs　hl　Figure5are　the　cross　sections　ofEDMed　sur鉛ce，EB㎞adiatcd　o且e　a食er　EDMhlg，

and　EB血adiated　ono　a丘er　g血ding．In　thc　case　ofEDMed　su曲cc，a　resolidified　Iayer（whitc　laycr），where　the

matcrial　is　melt　with　high　temperature　due　to　electrica1（1ischarge　and　th㎝solidified　again　back，can　be　obscτved

clearly．Besidcs，theundulationofsu血ce　is1訂ge．Onthe　otherhand，the面。㎞ess　ofwhitc　layef　decreases，and

the　undulation　becomes　smaller，hl　the　case　ofEB廿adiated　sur色cc　a丘er　EDMing．Moreoveちtherc　sccms　to　be

no　or　little　white　layer　on　thc　EB㎞diated　su血cc　after　g血1d血g，nerefble，tho　white　layer　observed　on　EB

血adiated　surfゑce　a丘cr　EDMing　is　fbmlcd　by　not　EB廿radiation　but　by　EDMing．It　is　guessed　that　the　e齢ct　of

heat　conduction　on　the　su曲ce　is　very　sma11，s血ce　EB㎞diation　time　of　one　pulse　is　so　short　as2－3Fs，

Consequently，the　material　removal　by　melting　and　evaporation　occursjust　ne肛the　sulf琶ce・

　　　　Next，the　matcriahemoval　thic㎞ess　by　EB血adiation　w鎚exa衄血ed、h　Figure6，the　lcR　side　of　the

EDMcd　sur飽㏄was　covercd　with　a廿血stahlless　plate　befbre　EB血雌adon、That　is，only　the　right　sido　ofthe

EDMed　sur飽ce　was㎡adiatedwith　EB．The　compahson　ofboth　promes　makes　it　c！oal　that　the　material　removal

occurs　just　near　thc　suぜace　and　the　thic㎞css　offemoved　material　in　this　method　is　unifbrmly　as　small　as　lFm

fbr30EB　shots，In　convc皿tiona1価shillg　ofmotal　mold　su曲ce　by　hand　polishi皿g，it　is　di価cult　to　kecp　matcrial

removal　quantity　constant　on　the　whole　sur鉛ce，which　leads　to　the　deter1oration　i皿thc　shape　accumcy　in　somc

cases．This　new　polishi皿g　method　docs　not　deteriorate　the　shape　accuracy，s血ce　material　removal　quantity　is

ve甲small　and　a㎞ost　constant、

3．3Con℃sion　resis血皿ce　ofEB㎞adiated　surface

　　　　Figure7shows　the　large－area　EB㎞diated　and　non一㎞diatcd　s＆mples　le負fbr　l　year　in　the　atmosphere，

Thc　ccnteτc廿cularpar［ofthe　workpiece　is　the　EDMed　sur飴ce　andthe　s㎜unding　pa亘is　the　ground　one、In　the

case　of　non－EB丘radiated　workpicce，the　ground　sur色cc　has　cxtensively　been皿sty．Mofeover，the　EDMed

　　　Ed＝7，3Jlcm2，N＝30shots
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sur飴ce　has　becn　somcwhat　rusty，although　thc　EDMcd　sur魚cc　gcnerally　has　high　corrosio皿rcsistance．On　the

other　hand，h廿1e　case食｝r　EB㎞d圭ated　s㎜ple，仕lere　is　no㎜t　at　a11，and　ve可glossy　su血ce　could　be　kept．

　　　　h　order　to　evaluate　accu坦tely　the　con70sion　resista皿ce　of　EB㎞iated　su血ce，t虹e　anodic　pola伽tion

curvcs　aτe　mcasurcd　by　an　clcctrochemical　analysis　systcm、Figure8shows　theτcsult　with　IN－HCI　solution．

The　equilibh㎜potential　fbr　EB　hTadiated　sur血ce　is　smaller　than　that　fbr　EDMed　one　and　ground　one，Also　the

cuπent　dc且sity　fbr　EB　irradiated　su曲ce　is　much　smaller　than　that　fbr　EDMed　one　and　ground　one　at　any

potentia1，which　agrecs　wcll　with　tho　rcsults　shown　in　the　Figure7、Therefbre，it　was　made　clear　that　the

corrosion　resistance　ofmetal　mold　su漁ce　could　be　greatly血proved　by　large－area　EB丘radiation，
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3．4Smoot！d皿g　of廿ld皿g　sur飴ce

　　　　In　this　section，the　smoot1血g　of　tilting　sur鉛ces　is出ed　fbr　pmctical　use，shlce　metal　mold　usually　has

many　tilting　su㎡直ces．As　shown　in　Figure9，the　su血ce　roughness　is　measufed　when　the　su漁ce　tilting　allgleθ

with　respect　to　EB㎞diation　d廿cction　vancs．At　this　t㎞e，EB㎞diathlg　conditions　aエ。　sct　to　energy（iensity

Ed。＝7．3」ノcm2and　number　of㎞diation1〉≡30shots．If　lhe　sur鉛ce　roug1皿ess　a丘er　EB　hadiation　is　decided　by

only　thc　total　ene瑠y　density　Ed，the　su曲ce　roughness　will　become　the　same　fbr　enefgy　density　ofEd。卓cosθ．

　　　　Exper㎞ental　resul据are　sho㎜h　Figure10．The　dotted　lhle血the　gmph　is　the　expected　sur蝕ce　rou幽ess

coπespond血g　to　Ed。串cosθJn　the　case　ofsmall　tilting　angle，the　su漁ce　roughness　decreases　to　O．7雌and　it

is　a㎞ostthc　samc雛cxpccted、On　thc　otheτhand，thc　cxpcr㎞c皿tal　su血cc　mu菖㎞css　is　much　smallcr　than　thc

expected　one　fbr　larger　tilthlg　angles、For　example，when　the　tilthlg　angle　is60。，the　su曲ce　roug㎞ess　is　about
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1μn此ナwhilc出。　cxpcctcd　one　is　about2雌、Fu地ennore，even　if廿1e　t且t血g　angle　is　closc　to90。，仕1e　su曲cc

foughness　can　be㎞proved．The　rcsu1惚面dicat¢d出at加住le　case　of　small　s血Ple　shaped　mold　consisthlg　of

τelatively　small　tilt血g　angle　su曲ces，the　smoothj皿g　of　the　wholc　su曲cc　is　possiblo　in　a良w　minutes　without

moving　and　tilting　the　metal　mold．

3．5Large・area　EB　kra出ation　to　pracdc田皿etal　molds

　　　　Eigure　ll　shows　large－area　EB丘τadiatcd　practical　mctal　mold　samples（NAK80and　SKD61in　JIS

specmcatio且）．As　can　be　seen　f｝om　the　photos，both　samples　havc　vcry　complicatcd　shape、However，the　su曲ce

becomes　vcry　glossy　aftcr　large－area　EB㎞diation，compared　with　those　befbre㎞diation、Thc　proccss　takcs

only150sec，and　EB丘mdiation　was　carried　out　without　moving　and　tilting　the　mctal　molds．皿1erefbfe，this

血ish血g　technique　by　large・area　EB血adia且on　is　applicable　to　high　c伍cient　finishing　process　fbr　metal　molds，

（a）N舐80　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（b）SKD61

　　　　F彰11加㎎ε一σ脚EB艀励σ≠ε吻ハσσ伽1惚・加・‘ゴ5曜μ郎

4．Co皿clusions

（1）The　roug㎞ess　of　largc－aτca　EB血adiatcd　su曲ce　becomes　smaller　with　increasing　energy　density　of　beam

　　　and　numbcr　of血adiation、Under　proper　conditions，the　su血ce　roughncss　dccrcascs　to　about　O、7μmRz　in

　　　just　a琵W血utes、

（2）In　the　smoo出血g　process　by　large－area　EB㎞（iiation，thc　matcゴa1τemoval　by　melt血g　and　evaporation

　　　occurs　nearthc　sur色ce　and　resolidi負ed　layer　is　not　fbmled．The血。㎞css　ofτemovcd　matorial　is　unifbmHy

　　　鎚small　as1μm　fbr30EB　shots．

（3）The　conosion　resistance　ofmetal　mold　sur血cc　could　be㎞proved　greatly　by　large－aroa　EB廿radiation，

（4）Evc皿iflhc　tilt血g　angle　of　su曲ce　is　close　to90。，仕le　su曲ce　rouglmcss　cou1（i　bc　well　improved、

（5）Large－alea　EB丘mdiation　has　a　possibility　to　become　a　high　efficient　polish血g　process　fbr　metal　molds．
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