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Thisstudyprop""amethodfbrsuppressingthetorquesofthemanipulators,withconsidemgtheeffi"tof
inertial允【℃電inordertoachievethepowerbsav"drive.Thepr"enttudygenemtesthetraj"tmies,which
hererevealtimeprofil"ofpositions,velocitiesandaccelerationsoftheentirepathoftheoutputpomtof
manipulators.Thetraj"toriesofmanipulatorsareintroducedWdetenniningboththeinitialpositionand

motioncurv"fbrthealtirepath･Thisstudyexpress"themotioncurveasapolynomialanddetennin=its
c"mcients.Theinitialposeandunknownmenicientsaredecid剴切ahalristicalgorithmtoachievepow画遙
saveddrive.Assuchproblemshavenon-lin"rityandmulti.peaksolutions,itisdimculttofindoutthe
optimumone.Thus,thissmdyusesaheuristicalgorithm･.SHA"todetenninetheappropriatemotionsof

manipulators,becausetheheuristicalgOrithmis,aswellknown,aner"tivesolutionfbrsuchcomplicated
prObl創加.Thisstudydd画mnestheoptimalmotionsofthePUMA560compridngspadal3dgr電信of丘函0m
町山epropos"method,andverifi"itsavailabilitJ

Keywolds:D"amictorquepHalristicalgori伽加,Manipulat"Pow画もsav",CPconUol

1_Introdlﾛ唖皿

T11edd副mmationibrthemotionofmanipulatorsmainly

dependsontheirkinematics;dimensions,works,environ-

ments,etc.Howeverialthoughtheirdynamicsstronglyin-

nuencethedrivingtorques,theyarerarelyconsider"due

tothecomplicityandnon-linearityAIso,theinitialposein

themotion､ronglyinnualcesthedrivingtorqu鱈.Conse

quentlyithemotionsthatmaycauseexcessiveloadsto

manipulatorsareohenused･Thus,thisstudypresentsa

mahodhrdetenniningtheoptimummotionandtheinitial

poseofamanipulatortosuppresstheirdrivingtorquesby

usingaheuristicalgorithm.

2.恥werbsavedDrivinginCaseofCPContml

PreviouslXwehaveproposedthemethodbrdetennin-

ingthepower-saveddrivingmotionofmanipulatorsthat

aIedrivenbypointtopoint(FTP)control[1].Theprevious

methoddeterminestheoptimummotionofeachinputjoint

(a)Outline ⑪Skeletonm"el

FiguIel:Articulat"manipulator

ofamanipulatomHowev"mamipulatorsareonendrivEn"
continuouspath(CP)cOntrol,whenth即麺Eempl叩画hr
welding,paintingandsoon.Sincethejointmotionsare
dependentontheworkpathinsuchcase,theprevious
methodcannotbeapplieddirectlyBThus,thesmdypro-

posesthemethodfbrdeterminingthepower-saveddrMng
motionofmanipulatorsthataredrivenbyCPcontrol・The
pmposmmeth"detennin"thetraj"mrythatrev"lstime
profilesofpositions,velocitiesandaccelerationsofthe
outputpointsofmanipulators.

3.EXPreSSiOnOftheMotion

InthisstudMtherajectoriesofmanipulatorsarepro.
videdbydeteminingboththeinitialpositionandmotion
curvesoftheworkpath,whichyieldtimepronlesofdis.
placements,vel"itiesandaccelerationsofthedrivmgjoints.
Thisstudyexpressesthemotioncurveasapolynomialibr
easeoftreatment.Themotioncurveoftheworkpathdis-

placementisexpressedasibllows:

s=q+qr+qr2+…+qT"(1)

whereQ(j=0～")areunknowncoefficientsofthepolyno-
mialandrisaparameterObtam"asOP画窟nontimedivid"

bythetotalworktime.ThevelocityS､gndaccderationS､、

oftheoutputpointsareobtainedbydirerentiatingSwith
respecttoZ

Here,asmotioncurvesexpressedWEq.(1)shouldbe
twGdwellmotion,S,andS,､equaltozeroatbothZ=Oand
7澤1.FurtherSbmom=zerOatrWandiS""ttothemaxi-

mumvalueat7=1.T11rebyq(j=0~2)becomezaOandq
(j=3~5)aredetennin劃釦mtheamveconditions.q(j=6-fr)
areusedasunknownparametersandvariedtodetennine
theappropriatemotions.



4.EvalBn釦箭⑪num唾⑪n

Drivingtorquesofanarticulatedmanipulatorsuchas

showninFig・lcanbedetenninedbythefbllOwingmua-
tiOn;

T=He+c(8,8)+ZgC)

wh"erisavectorcomposedoftorqu"nmd劃姉rresp"･

tiveinputjoints.Hisaninertiamatrix;Cisavectorthat

exprasesinnuenceofColiolisfbrceandcentrifilgalfbrce;

Tkisav"torthatexpressestoIqueateachjointCaused"
gravityAIthoudntheaboveequationdo"nothaveterms
thatIEveal6ictinsofjointsandemciencyofreductionof
g"randsOOn,theseinfluenc"will"easilyadd"tothe

above"uationifthWcanbeidentifi".

InthissmdXdrivingtorqu"aresuppressedbyselect-

ingthea"mpriateinitialposeandmotioncurveOfawork

path.Tbsuppresstheinputtorques,themOtiOnOfama-

nipulatorisd拭画min"sothatmaximumtorqueinduc"in

allinputjointsdmng叩画ationisminimiza_

HaethestudydealSwiththecommaciallyavailablear-

ticulatmmanipulator64PUMA560''shownmFig､1.Theann

mechanismofthemanipulatorcomprisesspatialthreede

greesoffeedommechanism.ASshownFig.1(b),","
rep"entsjointangleofpointAandBwhichrOtatelmkl

and2r"pmtivelyinaplane.Ldenot"angleofswirling
thelinkland2aromdZaxis.

5.MethodnrDe"rminingMotionCurve

ThedynamicandstaticcharacteristicsofartiCulated
manipulatorschangemmplicatedlywiththeirownmotion.
T11edetenninationoftheoptimummotionisdiHiCultSinCeit
b"om"non-linearityandmulti-peakpmblem.Aheuristic
algorithmis,asweliknown,anerectivesolutionhrsucha

complicat"prOblem・Thus,thestudyus"ahalristicalgc

rithmdGSHA''todeterminetheappropriatemotionofthe

manipulatomTheSHAisanal"rithmpop"edbyS.Lm[2]
andappli"tom"hanicaldesi邸町工WIEe[31,andmmi-
fi"ibrthedesignofrommtm"hanisms"HTachiya[41.

T11eSHA"presssd"iglparametersinamatrixas
shown.Fig.2.ThecolumnsofthemaUixdenotethesortof
thedesignparameters;theelementofeachcolumnrepre
sentsthediscretestateofeachparameterwithinitsgiven

scope・Theabovemamxiscalledastheparamet"space

mntrix・Theparametaspa"mamxonthisprOblanis嘩戸
pr"sedasFig.2.Theelementinthei-thro蝿山eﾉ=thcol-

職鱸協温期撫W":!謡柵潔
umnsofthematrixdenote"o,"oand"0,whichare
initialvalueof"0,foandto!℃p"tivelxfbrd戯画min-
ingtheinitialpose.ThefbrthtoMthcolumnsdenoteun-
knownc"fficientsq(j=6~")ofapol"omialthateveaIs
themotioncurvs.qdenotesthecoe伍ciant"themotion
clrveofworkpath;i(j=6~")denot"thecoemcientoffm
degeeterm･Themotionofthemanipulatorscanbedeter-
min創町sel"tingoneelemalt,whiChisone㎡thedigcrete
valu"ofeachdesiglparamet"ateverycolumn.Thecom･

binationofsuchparameters,whichisillustmtedbyakink"
lineinFig､3,isreibrrmtoasa"route.''TheSHAseeksa
bettercombinationofdesignparametersbyoperatingthe
route.mlefbllowingshowstheconcreteproceduresiVthe
exampleusinga9×6parameterspacematrix,whidnhas6
designparametersand9discretevalueshreachdesign
pammet"asshowninFig.3.

Stepl:First,acertainnumberofinitialrout"arerandomly
detennined.nleSHAevaluateseachrouteandnndoutdne

bestroutethathasminimumevaluationvalue.Thebest

routeisrefierr"astoabasicroute乃asilluStlatedinFig.3(a).
Notethatasthepesentproblemimposesthemotioncurve
toincreasemonotonicallXanewlygenerardroutealways
replacestheroutethatdoesnotsatisiythatcondition.

S=Cb+cIT+ciT2+…+C,7"
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Figure2:Paramet"spacematrix
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(c)Steps･4
hrthe2ndcolumn

⑤Step4
hrthelstcolumn

(a)Stepsl~3
hrthelstcolumn

(d)Step7

Figure3:Diagmmsof山ep""ur"bytheSHA










