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（Review）   

Application of Contact Theory  

to the BeRn Impacl Problem 

MalくOtO HoKI  

1．Introduction   

Ⅳiecha11icaldamage to beans caused by halt＼reSt主ng，Clean妄ng andlland！ing equipme沌  
has become an aggravating and costly pr・oblemirlreCent yeaTS．Itis necessary tominト  
mize111eChanicaldamage by〔leveloping n帥7maChi11eSa】1d new p‡・OCeSSeSthat all伸r t】－e  
bean to retai11its11屯01enesslVhen processed．Mecha11icaldam昭e Of bea】1Sisusually  
causedllr王1en tlley a‡†e threshed by alトhresllingcylinder a11d tra11SpOrted through separa巨  

i昭a11dl）rOCeSSi11g Sさ′StemS．rrile m之1in cause ofbea11dam咽e See‡ⅥS tO be tl－eimpacti噂  

ofl〕ea王1S agai！1St VaIlious elenlentS Oflほ1、＼′eSti噌SyStemS．Itist盲1e】）urpOSeOfthis‡）aPer：  

1）tol・el′ielへ7the cont之ICt theoryしISe（lfo†、the design of fl、uiと11a‡・＼7eSti昭eqしIi‡）ment fol－  

nli王1imⅢm b｝、tlisingbさ′㌻iorsfield，2－ 2）to apl〕1yittotlleeValuationof（a油2importance  

of mate‡・ial！）「叩erties of t王1e bean，（t））t】1eimpzICt device and（c）theimpactvelocit）タOn  

bea11daI¶age．   

2．Review or contact theory ror applieatiom to beans   

Accordi咽tO tlle theory払r tlVOimpacting sp】1e‡・eS g妄ven bさ′ TilⅥOShe】1ko射and also  

Goldsmithミ…who exten（led Hertz’s contact theol・y，the叩l）rOaCl川Oft王1e Sl油eT・eS at the  
point of maximtl】ⅥCOmPreSSioIICan be p王、edicted by  

2／5  

qニ1  （1）  

、Vhere V：ニrela冒velアelocitさ′Of appl－OaCh of bot壬1SPilereS  

l：． － ニ：1  

1111‖1：  

16  RIR2  11＝＝ニ  

9が（Kl十K2）  （R－十R2）  

mlニmaSS Of filtSt Sl〕here  

m2ニmaSS Of second s‡）主1eI－e  

Rl＝ニ】・adiLIS Of fiItSt SPllere  

R2ニrad；us of second sT〕helte  

Receive（lJuIle30，1980  
＊Associate PI・OreSSOl・，】）epく1rいⅥent Of AgI・ぬukuralれ1；1Clli！1eltさ・，Mkし届vel・S恒，．′11SU5】∠‡・，JAi〕AN   
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K－＝  

i 
Iこ＿‥ 

レⅠニPoisson，sllatio of first spllere  

V2＝pOissor－’s r之Itio of seco！－d sphere  

El＝mOdulus ofelasticity o用r釦Sphere  

E2＝mOdultlS Ofelasticity ofseco－－d sptlere  

TilⅥOShenlく09クalso derived tl－e eXpreSSion of the apl）rOaCl－αofthesl）heI、es tlVOiI＝erms  

Of the pressure between the bodies and radius of the contact area，aS follows：  

α＝＝（Kl＋K2）Po  （2）  

Where PoニPreSSure at the center of tlle COIltaCt area．  

a＝radius of the contact surface of the two spheres．  

Eq，（2）can also be expl、essed as follows9｝  

a＝＝（K－＋K2）0  
（3）  

Solvi帽eq．（3）for Po，Su】）Stitutinginto eq－（2），and sol輔咽forαreSultsin  

（Rl＋R2）  
α＝＝a2   

（4）  lモー1ミニ   

When afa11i咽Spilere maSSlⅥlimpact a surface ofmass m2，and m2is verylarge co汀ト  
l）aredlVitilm－，then tlleim】）aCt Velocity V and tIle maSS teI・mIliIleq．（1）can bereplac・  

ed by the drop height h a11d the spherelVe短ht W using the fo1lowingidentities：  

V2＝2gh  

and  Ⅵr＝m噌  

、VheregニaCCele王、ationdue to gravity（in／sec2）  

From eqs．（5）とInd（6），  

v2＝し  
ml  

（7）  

聖虹ニn廻  
。－＝  

1111111ご  Illl  

Since  

㈲  
。l＝  

ml  
foI・m2≫ml  

Assumi咽Po主sson，sratiotobe O・49 forbotI－S－）l－ereandsuぬce，eq・（1）ca－－be stlb－  
stitutedintoeq．姐 Thcnthefollowingequation forthe raditlS Ofthe contact area，  
usi咽tlnits oflb andれ Can（ie ol〕t】ai－－ed・   
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2／5  

a＝1・077（Ⅵ瑚レS（警部l／5（㌔豊）  

ニ1・077（をml、72）レ5（  
） 

2／5  

（9）  

R，R2  
R－＋R2  

Substittlting e（1．伯）into eq．r2）王Ind tlSi咽eq．（4うyields  

2レ5 
！）0＝0・899（mlV） 

（  

3／5  

）  

（10）   

Ri十R2  

仏，lleI・e the mlits allei】11b／in2．  

In zlddition to giving tlle maXimもIm COmPreSSive stI－eSS，eq．（10）ca11be used to deter・  

lⅥine the n－aXimun－iI－ternalshear stress でmax、Vl－icl－OCCurS at t】－e boundarさ70川－e  
c言rcleof contact by using tIle follo、17ing reiationsllip】－  

でmax＝＝0．271？q  （11）  

Before applyi咽tlle abo＼7e eqtlations to bea‡1impact pi・oblem，t】1e aSSumptions tlSedin  
tlle derivation mtlSt be considered．   
The asst】ml）tions made by He‡ttZ al▼e the follol＼ri帽：  

（1）T】le nlaterialof tlle COntaCti帽bodiesis‡10mOge！10しIS．  
（2）’rhe】oads al）Plied are static．  

† （3）HoolくeSlal＼，IlOlds．  

（4）Cont～lCti帽Sい≠eSSeS Vanisllat the叩POSite endsof t王1el〕Ody（semi－infinite body）．  
（5）Tlle rヱIdius of cLlrVature Of tlle COntaCti帽SOii（lis vel・ylarge compal▼ed両班t】1e  

I▼aditlS Of area of co11taCt．  

（6）The su】、faces of the contacti咽bodies aresufficie】1tlysmootlltllattan酢】1tiaifol－CeS  
are elinliIlated．  

The assumptio！1Ile銅Ⅰ、（1ing t】1e homogene汗y of the materialis a serioしIS‡，eSけictionlVith  
beansif沌eさ′al▼eimpacte（lfrom tlle bottom，tOp Or・frontbecatlSetlle）′ha＼7etlVO COty！e－  
（lons．Theasstll叩tion caIlbe nladellOlV飢yerl＼7itlltlle CaSe Of sideiIれp之1Ct neg】ecti咽tlle  

effect of thin seed coat．   
Accor（ling to PaoS～fiertz，s contact tl－eOryis valid oI－1yif theimpactisof ve－ノ・さ7long  

dtlratio11in compa‡・iso－－W汗h tlle tiIⅥe T・e（jui】・e（lforも1－e、、ⅦVel）rOpa卵tion・Mohsel－in8 
concluded t主1aと al）Pare－－tly dur…ng tl－e（leformationprocess tl－ereis a suff妄cienttime for ll  

elastic waves to tl†a＼′elto and fro severaltimes before tlley are dissipated tl甘0噸hout  

七重1e COlli（li咽bodies：’   

Re卵rdi一昭aSStlml）tion（3）Lee aIld】えadoh車llaVe S】桝、rnth如，Wは－loadi噂times ofless  

tl－ar．（｝1e f。urth。f tile relaxatio－1time（a11jndi（：ation of the degl†ee Of＼7iscoelasticity），  
biologicallⅥaとeI、ials c；川be co－－Side】、ed elastic・Forbeanimpactsittlationsthis conぬion  

exists．   

Tlle aSSumption re那－∵ding tI－e r洪庵ofthe radiusofcontactaI▼eatothesurfaceraditlS  
is also valid siIICetllel）ean王1aS relati＼′elylligheiasticlⅥOdulusresultinginasnlall‡、adit拐  
。f tlle COntaCt aI・ea．11壬1e reSt Of tlle aSStlmPtions re卵rdi咽COntaCti咽StreSS、ra王－ish－  
Illent and stlrface smootllneSS alヰe！10t CI、itical払r beans．   

ForimpactiIlg beans＼Vith a fl姉‡、igid surface：   
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R2≫R－ and E2≫1三－，tIlen，  

RIRz  Rl  
fo‡－ R2≫Rl  ニ軋  Rl十R2  Rl／R2十1  

」  E】十E2  El／E2十1 1   
fo†1E2≫El 誓て許  

El  1三iE2  El  

E隼（9）canbesoIved forthe mo〔ltllし－SOfelastic恒▼oft－1e Sp】1ereaS follol＼7S：  

壁  

E，ニ∵L4．4．9                    5 a  
塑粟些  

＝0．724．5                       S  
a  

（12）  

、Vhe‡、e Rlis the radius of tlle Spllere（bean）．The modtlltlS therefore caIlbe detell一  
重－1inedfora－－impaetsittlation，iftl－eenergさ7Ⅵr】－Oi、与mlV2is kno叩thesurface rad卜  
us at the point of contact js knolVn，aIld t】1e COntaCトarea raditlSislくnOlVn．011Ce と11e  

radiusis deternlined，tlle maXimtlm SheaI、StreSS WllicilOCCuI、S duri帽animpact can be  
found using eqs．（10）and（11）．   
8ecatlSelocalsurfaces of beans have to be descril）ed as elliI）SOidal，t】1eeqtlations fもr  
tl－e mObulしIS and maximtlm S‡1ea】◆st‡，eSSllaVe tO be modified bさr uSi帽thefollo＼ViI唱rela－  

tions deT・ived bさ7Timoshenlく0即  

2R。Rゎ  2a。aわ  a＝血  
Rα＋Rゎ’   a（エ十aゎ  

R＝＝  

Where subscripts a and b respectivcly refer to the major and minor radii．  

3・Åppiicaton or蝕e t王1eOry gOr eVa鼠u象tion oでbeanぬm象ge   

From eqs．（10）and（11）maximtlm PreSSure and maximtlm Shear st‡▼eSS a－、e P－・opor－  
tio11alto an ene柑さ′term，a mOdulus term a11d aI、aditlS teIlIn aS follo、、rS：   

でⅠⅥaXニ0・27Po ∝（mlV2）1／5，（芸濃）4て5a】－d滝箸〕3／5   （13）  

】デor beanllarVeSt andIlandli帽SyStemS eq．（13）s王101VS that for p】、eVeIltingmecha】1ical  
dam昭e dし1ri咽impactitislⅥ0Ⅰ・eimporta汀L to use al帥r mOdultlS materia】forim盲）aCti帽  
paI、tS thanitis to reduceimpact enel－gy・Itis apl）are－－t th姉 for a thres‡－i咽Cさγ1i－－deI－，  

e】asticIⅥOdulus E20f tlle Cylindel－Spikes has王110reil叩0‡・tanCe than tlle Cさ7iil－dellSl）ee（1  

forI・educi咽meChanicaldamage to beans．Tlle‡・adius R10ftl－e beanis fixed・itistl－ei－  
Ⅰ－eCeSSaI・y tO a＼rOidiml）aCt On hard stl‡・faces、VMlradiimしICh smaⅢ汀tl－an t王－OSe Of the  
beans．Eq．（13）also sllOⅣS dle difficしIltさ′Of usi帽impact energさ∫Orimpacいrelocitさ′tO  

predict da－Ⅵage tO bea‡－S dしげi咽impact・A very sm最Id－a哨e OfdeanlⅥOdしIlus Ell－aSa  
greater effect on maximtlm Stl鴫eSS OI・i－－ternals圭一ear tl－an does a changeiilimpact、reloc一  
恒■．   

From eqs．（10）～lnd（ま1）itis also seen tllat OnCe tl－e allo、Vable stress or shear  
sLrength，e主astic modt】lus，raditlS andl油励t ofthe bea11al、e重くl－0、用，t！－e eq・（10）can  
be use〔1to e＼′aluateimp之ICt Velocities，Su‡▼facemo（lしIlian（l‡tadiil＼rllich＼lri11prever－t bean  

damage caused bさ7differe11t PartS Of tlle harvesti帽andthellan〔11i帽Sさ，StemS・Tl－eeだect  
ofl〕eanlVeightisless cl・iticalcompaI、ed to tlle Otlle㌢Pal・ameterS discも】SSed abo、′e・   

Assumi咽t主1atla柑e an（まslⅥ之Illbeans】1aVe t皇1e Same eklStic mo（lulusand allo、Vable stlteSS・   
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and the、Vei油tis pro主）OrtionalめR…，the maximuma1lo、Vableiml）aCtVeloc壬ty、VithoもItdam・・  
age can be evaluated as foilo＼VS：  

From eq．（10）  

v∝［（諾豊）3（紺ニ（謹よ3／2  

If the surhce radius R2islarge compaI－e（lto the bean raditlS Rt t‡－en，  

R2 鵬  1  

＝1  
Rl十R2 RノR2十1   

rrhus tlle bean size haslittle ef吏ect o11damagesusceptibility．Howevel－if tlle beans are  

s‡nall，theさr al・elesslilくely to be damaged．   

4．Some comments on the contact theory   

l）Itis assumedin t王1is paperぬt the poissoIl’s ratiois O．49for botllSPllere and  
ti－eimpact surface to derive tile eqS．（9）and（10）． 臥t t‡1is m愈y】10t be t】1e CaSe  
lV】1ich actually exists for biologicalmaterials andim王）aCtStlr払ceIⅥateriais．Both valし‡eS  

PI，Obabiy vary and tlle Posisson’s ratio of biologica‡products maylilくelytobedel）ende11t  
on t‡1elⅥOistしIre COIltent．This situation allolVSとhe applicatio！10f tlle abo＼′e eqもIationsもO  

ti－e CaSe OnlyifPoissor－’sIlatio andもi－e mOisttlre COntentOf the－）iologicallⅥaterialaI・e  

kIlり＼＼・11．   

Na‡・ayan6）obtained the elastic王ⅥOdulus ofnavybeansby tほi帽 buclく1ingtheory co‡1Sト  

deri咽a bean tobe a beam with variable sectio】1al・ea・To see ti－e叩Plicab混y ofthis  

eontact ti－eOユ、y to beanimpact situatioIl，eq．（9）has been used to exaJⅥine壬10W Cl。Se  
the valtle Of contact area calculated from the available dataistotわe valueslVhicilCan  
be assun－ed to be reasonable・The fo11…ri夏場ValtleS Obtai，1ed by Narayan areし1Sed to  

evaiuとIte t圭一e area Of contactl）eい、′een a bean and animpacti一昭Sur払ce or flat steet．  

El＝1×10jpsi（fo王、Ⅰ】a、ry bean of highlⅥOistt汀e）  
】‡2＝30×106psi（for steel）  

Ⅴ＝2000fl）mニ400in／sec（impact velocitさ′）  

Wニ4×10…41b（bean weight）  

主モーαニil－  

R－わごi－－  

（for si（1eimpact）  

2・・  

2R用Rほ  
R－ニ  ニ0．167in  
軋α十RIむ ＋  

4×10肋41b  璧   
＝1．03×10刷61b．secソin   l11lこ＝  

g 388in／sec2  

R2＝∞（flat surface）  
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Ptltting these valuesinto eq．短）we find  

aニ1・077（‡×1・03×10山6×400Z）lバ（  
2／5  

104＋30×106  0．167×∞  

10dx30×108   0．167十（カ  

ニ0．0506i】1   

AIso払r▼beans ofEl＝2×104Ⅰ）Si（for－1aVさデbeans oflow moistL汀e）  

a＝0．0441in  

’rhese vaiues for the contact area seeml、eaSOnabie．T‡1e apI）1ication of contact theory  
to bea！1S t主1erefoI、e seems tO be a promisi喝app‡†OaClltOもlle之Inalさ，Sisofthebeani‡叩aCt  

†｝rObiem．Bさアkn帥ring specific＼′alしIeS Of Poisson’s ratio fol、bea11S，lⅥOreaCCurate eValua－  

tion of the parameters such as a，El，P and T。”lX Can be made from thc eqs．（9），札侃  

㈹ and O．乱   

2）Fort董－euSeOfe・8カ toevaiuatetheelast壬cmodulusofbeans，OnePrOblemis  
that elastic】ⅥOdtl】usisln17erSel）7PrOl）01－tionaltothefift】1P榊rerOfthel、adiusof co！1ta（：t  

area．This mayieとId to e汀OneOuS reStllts tlnless adequateprecatltio】1SaretakeIl†：OmeaS－  
しIre the contact area．11he compariso王10f t壬1e‡・esuitsobtaine〔lfroIⅥCOntaCttheoIY W仙  
the results of other tileOl、ies，lVillbe of主IlterreSt and aiso be tlSefuiforiIIVeStigati将  
tlle apPlicabiiities and theliIⅥitations of t主1eindivi血alt隻1eOries to specific conditiol】S Of  

bea】1S．   

3）rrhe eq．0．ガ expi・eSSi】唱t】1eI，elaとioIIS】1ip betⅥreeIlm之1XimLlmpt▼eSSureandmaximum  

Shear st－、essis de‡Ⅶi＼デe〔lfoI－the case of a steels王）壬1erel一重）reSSed against a p】aI】e Stee‡  

Stlrface．This relatio11Sllip may not be apl）licable払1†the case of biologica～materiai‥A  

！110（lificati醐Oft！leeqtlation milさ†1）eIleededforasl〕eCific抑alさ，Sisofモ）e即（】aIlla那111eC】1；lnis乱  

5・監Ⅹp鼠anation oデもean damage by contaet theory   

An ex‡）1anatio王1CaIlbe made on beaniI叩；lCt（lalll昭e dlicil11Stla‖yi！1Cl、eases at alol＼，  

‡110isttlre COilte】1t．3…針7rT】1e elastic modしl‡tlSincreaseslVith the（lecrease ofIllOistuf－e COn－  

te！ltP】Acco‡－（ling抽eq．（13）t圭1e maXimum】）1－eSSuI・e an（1】11aXi王ⅥmⅥS‡1ear Stl・eSS 汗旧■eaSe  

i11l）1・0‡）Ortio11W汗i＝Ile elastic mo（iしIit】S tO the foしIr riftモ1壬）0＼＼re‡・Of tlle be紺，ほ tileim－  

l〕aぐt St汀facellaS a＼rer），l之1r㌍＼7alue of e】zIStic nlO（‡t】‡tiS Si眠e  

l■1卜：こ： ト1  
い・一 卜l二  

∴ 

’－r主1el－efore t】1e】11aXi】ⅥtllⅥStl・ess oCCtll、iI唱汗＝】1e bea11becomes】座h at k朝1110盲stt汀e CO11－  

te！1tS，1－eStllti将iIlt】1e faiitlre Of tile beiln mateI、ial．  

「r‡le〔lata available on tIle e鮎ct ofl肥a11im！）aCtVelociとさrandbe壬lモ川reight叩Ol＝jlebean  

〔iam咽e a‡telilⅥitted．SoIlle eX】）el，iIllenta！王・esults＼＼㌢el、e Obtaille（lbさ，ト貰oki3i11dicati帽COIl－  

siderabte effects u‡）O11t盲1e bea11dilmage．Itis diffictllt to mal（eヱ川y qtlこⅢt；tati＼ナe e＼ralし】a－  

ti（）n Of t】1e reStl！ts．Tile effect of beanl＼－e噌】1t】1錮，e＼rel、seems to be nlO‡、e si那1ificaIlt  

tllallPI・ed主cted frolⅥe（トぎ13），SiIICe tllisis onlさナOne fiftlll）0＼Ver Of t】1el＼㌢e唱‡1tiIICreaSe．  

Ftll・tl－erilllreStigationl＼rillbe necessal・さ▼O11油壷stlbject．  

1’Ile effect ofi叩）ヱIC＝，elocitさナis conside‡1able at tilelligh＼㌻e】ocity‡－a帽e．Qし】a†1titati＼7e  

eva】し‡Zlting the co！1taCt tlleOtさデis agilin di洋icしIlt tolⅥake，l）tlttllealⅥOtlntOfdamage shotlld  

jl－C‡－eaSellrit】1theil叩aCt Veloc；tさ㌻t：O tIle t～＼70fi用1l〕“＼′eI∴ Det之1盲Ied exanliIlation oflし）ea11  

dalⅥage SllOtl主d be made foI・eValtlati帽tlle叩‡）lica浦和of contact tlle（H・y tOimpact、7e‡0－  

cit〉r a王1（l（ユ；lm；噌e analさ，Sis．   
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Summary and conclusions   
Tlle HeI・tZ’s co】1taCt theorさ㌻叩Plied to fI▼uitbrサ最sinきざllaS bee‡1Cl－itic扇1y r・e＼′i鮒red．Its  

apI）licatiolltO t壬1e beenill叩aCt PrOt）le】Ⅵhas been coIIS；（lered．浴さ7しISj咽aVailable（】ata on  

bean pr叩eI、ties，a叩】icability of contact tlleO‡、y to beanimpactlほS beenin＼7eSt短ated．   
Conclusions（】erive（1are as fol】0ⅥrS：  

1）Tlle aPplic之Itio‡10f coIltaCt tlleO貰・さr for evalしIati帽1、elativeimportance of 王ⅥeCllanica‡   

l）r明）erties ofl）ea11S See！ⅥS tO bel）rOmising．  

2）ri、11ei叩Orta】1とfacto‡tS affecti咽bea！1balⅥage are the elastic moduliof と）eanS ～ind   

i11叩aCt Stlrfaces，radiiof bea11S andiml）aCt Surfaces，andimI）aCt Veiocities．rrlle  
effect of beanl＼re噂】1t and sizeisless c‡・jticalcom！）al、ed to t】1e Otlle‡†factors．  

吏一重01Ve＼7el、tllisヱ11so（ie主）ends tlPOIlt‡le elasticlⅥ0血1us ofiI叩aCti咽SuI、ねee．  

3）＼キ㌢；th a reasoIlabie asstlmPtion ofpoisso！1’sI・atio fol・the beansitis possible to  

evaltlate tもe e‡astic modulus b〉，uSi帽CO】1taCt theorさ′．T‡1eCOI叩arisonoft】1ereSuまts  

ObtヱIi‡1e（lby the contact tlleOr〉，aPPrOaCh11ritllとileI▼eSults obtai！1ed bさチOtilermethods  

such as compl－eSSio！1teStS，be‡1ding tests or vibration tests，＼Vil】be LISefしIlfor  
better t‖1derstan（‡ii唱Of the al）plical）ilit〉，and thelilⅥitation of tlleindividualmeもilOds，  

4）To e＼7aluate tlle elastic moduiLIS Of a bea11b）r COIltaCt theorさ㌣，aCCtlrate 汀IeaSし汀e－  

nle11tS Of tlleI・aditlS Of the contact area and the t）ea11Stll、face radius a】・e11eCeSSarさ，．  

SuitableIlleaStげi昭111etho（lof t】10Se Para汀l（うterS SllOt】1d be establis】1e（l．  

5）‡t sllく）もIld be possible to p‡▼edicもmaximum presst汀e Ol・S】1ealr St王、esS OCCtlri咽in tile  

bean dtlri†唱iml）aCtl）さ′tlS主将COntaCt t】1eO】欄y．  
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摘  翠  

夏の碑撃に対する接触理論の応瀾  

抜 放  絨  

すでに当ミ物の榔毎に対Lて削、らわているヘルツ外接触理論につき，烹の研撃瀾匙への応用を考察した。一読に閲す  

引謄紬押掛性デ叫ダを附い畳の術撃問題のギ】ニグ叩l至r…錮勺解析を行いム1ドの結論を得た。  

1）那）か糾勺桝′たの窮嬰惰を詔灘するため，撲触翔一論針鼠隕することが可能であると思われる   

2〉混の妾闘毎に対して彩管をおよほす聞手としては，豆および術撃面の弾職瀾働＼鰯藩はび衝撃而の曲率半径お戊   

び衝撃j亜度があるゥ夏の桑j葺なと大きさは上記のi礼子と比べ彩明は少ないと，‡思わゴ1るが、これほまた研牒蘭瀦哺増   

係数に左才子される。   

3仁i！まのポアソン比を板憲することにより撞触理ぷ成≠打て糾′憂王様姿女を31ミめることが1汀籠と考えられる。このノブ法   

と他の各軸力法により求めた附Ji三係数との比校を行なうことはj■組側．ぎ糾）適酬′i…を】りiらかとする上て蟻糾紅がある  

と考えられる誉   

右卜撞触翔．掛のぶり有効意通牒楼計るためには接触沼津手相）il潮別号瞳方法を災川けことが必要であると．璧、わわる。   




