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【KqMつrds］Articulated仕amcsteering，mObilityandkhematicmodel  

toreducetheturnln占radius，eSPeCia11yln  

caseofthevehicleoflongwheelbase，（ii）  

toprovjdeturn）ngfa亡ilitywhEnthcvehicl亡  

is at standstill，and（iii）to achieve on－  

trackingoftherearwheelssothatithc仁S  

less runn）ng r亡＄istance and can rl］0Ve  

thlOughnarrow paths・Articulated鮎me  

vehicl亡S are O鮎n uslngin agTICulture，  

industry and som仁Other off－rOad areas・  

Thercfore，itdeservesslgnificantattention  

tostudyitshar）dlingb亡havinTfhrr已alizing  

the mobility to have better design・But  

compared with the attention, which 

conv亡ntionalofE－rOadvehicl仁hasattracted，  

thereis verylittle publish work on  

articulatedframesteervehicle（AFSV）・  

The main o坤Ctives ofthis study  

are（1）to d亡VElop generalized，SimpIc  

motion equations hr articulated 丘ame  

SteerVehjcle；（2）to studyits mobility or  

turmngbehaviorindifferent motion；and  

（3）todetermin巳the on－traCkingand off－  

tracking亡Onditions・  

Articulated白・amC SteerVehiclesare  

usually ofslow spE巳d・Atlow sp仁ed or   

1．Imtmdll亡ti【ln  

Articulated fram亡 Steer VehicIc   

COnSistsoftwo丘ames，a丘■Ont丘■ameDVer  

thefrontaxleandarear丘ameovertherear  

axle．For any st亡erlnB aCtion，these two  

frarneshendwithrespecttoeachotherina  

PivotjointC（Fig．1）．Th亡bendin苫Oftwo  

丘amesisconductedbyth巳亡longa［ionand  

Shortening of a hydraulic cylinder・Th∈  

Wh巳elsrEmainparalleltDthevehiclebody・  

Wh亡rleV亡r a Ste亡rlng aCtionis made the  

仕amesturn，nOtthewheels．  

Thc main purpos亡S Of the  

articulat巳ddesj菖nDfvehicl仁丘am亡Sare（i）  

Fig．1．Schemaljcdiagra）nOfarlim］atedfram亡IraC10r  
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Parkinglot maneuver，nO Slgn王ficant side  

hrcesdevclopin［ires，Usua11ykinematic  

modeLs are uscd to describe theid巳al  

bchvior口fasystem，Therehre，kinematic  

modelisconsideredtouse如rthisstudy・  

Inordertorendertheproblemamenableto  

analysIS，thE Vehicleis assumed to be a  

SIow speed bi－CyCIc modclmovln苫On a  

hardandflatsurfhce〉Wheretheslippageor  

lateralhrcesarenegligjble・  

丑 vco占8   

Fjg・2・FfeebodydiagramofAFSV  

rear fmme・Followlng relationships，  

therc砧re，Canbeestablished二  

隼COS¢＝F弧d  
ユ・TheoIT  

ヱ・1VehicleMo加Iing  

AccordingtoFig，2thewhe亡1base  

Offrontframeisキand rear h・amcisl，．  

Consjderingth巳PrlnCipleofrotatjonofa  

rigid bodyl），and th亡mOtion ofa disk  

rollingonaplanE，follDWlngrelationship  

Canbededuc∈d丘】rrear丘ameBC：  

鞄＝F亡0窮  

地＝Fsin♂  

Where 屯and メ，B rePreSent the  

JongitudinaI and lateral velocity  

COmpOnentatBr巳SPECtively・  

ForanytumofthevehicleIVeloc）ty  

Ofanypointofitsbodywillbcta11gential  

to the arc of theinstantaneous turn）ng  

Circl亡・T血町亡ねr亡，仙e v亡locity“杭，Jof  

Pivotingpoint（C）isperpendiculartoOC  

ar）ditmakesangle¢withthedirectionof  

岬＝㌍si両  

伊＝ 叫  

伊＝rta両  

For the 加nt 丘ame AC，如1lowlng  

relationshipcanbcderived：  

J′〔∂＋d）＝仁血（α一郎  

∫抑止）＝［sinα叫ⅧSα両］  

J′（β＋d）＝「SiHα－rlan¢cosα■  

J′岬十d）＝Fsinα一岬COS亡r  

叩／＋Jrcosα）＝「Sinα－J′d  

Fsinα－J／α  
♂＝   

（ユ）  

J／＋J′COSα  

Ifthefront andrearwheelbasesare  

Ofequallengt旭f．e．，L・＝l，＝l，th巳n仁quation  

（2）b亡COmeS：   
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toitsarcoftheinstantaneousturIllngCircle．  

F王gure3shows that on tracking caTlbe  

achi巳Vedifbothfront and r仁arWheelbas巳S  

arcofequa11engths．There鮎re，tOanaLysIS  

the onLtraCking behavior ofAFSV，equal  

lengthsofwheelbascsareconsidered．  

0  

rsilトα－Jd  
∂＝  

咤1十亡OSα）  

ユ「血c。S＿Jd  
2   ユ  

β＝  

ユJc。Sヱ竺  
Z  

β＝ヒt。1－竺＿竺se。2竺  
J22 ユ  

ユ d＝1an一（1＋－且n）  
J  

（3）  

YawvElo亡ityofthe rearframe of  

Vehiclecanbeexpressedas＝  

riこ叫、）  

Whercu何isthedisplacementofhydraulic  

CylhdEr．  

Theneq．（3）willbecome：  

ユ ∂＝tan一（1＋tan）  
J  

The generalizcd kinematic model 

ofarticulatedfram仁St仁仁r Vehic］e cannow  

b巳亡ⅩPr亡SS亡das：  

Fig．3b．Off－tra亡kingcondiLion  

Eqtlation（3）represents thc yaw  

VelocltyOftherEar丘・ameOfvehicle・Right  

handsideofthis亡quationhastwodistinct  

2 podions；tanand（1＋tan）・For  
ユ  

anyst仁erlng aCtion，th巳hrmerportionof  

equation wilL caus亡rOtation of the rear  

frameinth仁Samedir仁Ctionofsteerlng・But  

duetothe negativeslgn，the Laterpartof  

equationcausestoturnthesameframein  

OPPOSitctothesteerlngdirection・  

Sin亡C th仁traje亡10ry知r any turn  

formscurvedshape，itisuscfultDeXPlain  

theturnlngbehavio一打omtheconceptof  

curvature．A curved shapearbitraryline  

ADisilLustratedinFig．4，Whosecurvature  

isinthe坤Plane．Thenormalstothecurve  

atB and Cintersectinthepoint O’．The  

Char）geintheslopeanglebctw亡enBandC   

丘。＝叫）  

Fsinα－伊   

J／＋J′COSα  

よβ＝Fcos♂  

γβ＝rSin占I  

■ ヱ．ユArlalysisofturn）ngbchavior：  

Tominimizeslippa昌e，atanySta占e  

Ofturn，allthewheelsshouldb巳tangential  

：Fig．3a．On－traCkbgcondiLioIl  
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arbitrarylongtjme，jLe・， ＝0，thevalue  

Oflaterportionofequation（4）wiLlbezero  

andthcrighthandsideoftheequationwilL  

beaconstant．Inolherwords，theTewi11be  

nochangeinthecurvatureofthetrajectory  

ortheradius ofturn．Ontrackingwillbe  

attainedifandonlyifthisconditionexists  

hrequa11engthsofwheelbas巳SL  

ロ  

Fi呂．4．Curvalureill坤PEaT7e  

is A申．Whcn∠坤is sIT）all，the arc Asis  

approximatelyO’BA¢．Inthelimitaspoint  

C approaches B，thatis，aS As→0，the  

CurVatureatPOintBcanbede丘nedas‥   

‘柑  A¢   ‾ 
1 【 

打＝古‾よ乳首空乳百有 言  

Whercp＝OBistheradiusofcurvatur∈at  

P（バnt且  

From this definition，CurVature Of  

Vehicl亡tr如CtOryCanbeexpresscdas：  

3．SimlltationResu）ts：  

Figure5孔Showsth亡t両CCtOriesof  

the center ofwhcelaxl亡S Of an AFSVin  

血cularmotioTl，Whenthelengthsof丘ollt  

and r亡ar Wheclbases are equal・At the  

beginn］ng Of movlng，加nt and r仁ar  

wheelbaseswerEinthe same direction．A，  

B and Cindicate the center of丘ont axle，  

rear axle and bending point respectively．  

Figure5b shows the time history ofthe  

Steermg angle，Where jtis found that the  

Steer］ngangLestartedtoincrEaSegradually  

andwhe11itreachEditsmaximum（45O），it  

became constant untilthc cnd of mov亡．  

FrDmthis two fjguresit canbe seenthat  

When the steerlng anglc wasincrcas］ng  

gradua11yrearwheelcouldnot由1lowthE  
trackoffrontwh巳巳l∴Butwhenthesteerlng  

angle becam亡fixed，fu1lon－traCkin呂WaS  

attainedfbrtherearwhccl．  

Figurc6aand6bshowthEWheel  

trajectories and time history of steerlTlg  

angLeresp亡Ctively，Whcrcfrnntwh仁elbase  

is smallEr than rcar wheelbase．Other  

conditionswcresameasmentioned血〕rFig・  

5aand5b．Itis由und thatwhcn ste亡rlng  

angle be亡amC fixed，Sti1lon－traCkingwas  

not attaincd 由r rear wheel．This result  

PrOVeSthatonrtrackinglSnOtPOSSibl仁払r  

u11CquallengthsofwhEelbases・   

dβ  
打 ＝－  

d∫  

dβdf  

融d∫  

＝∂  

r  

三＝辞弧言一号〔1＋t瑚  
（4）  

Equation（4）shows that wh巳n  

Steerlng angle a changes with time，  

i・eリ，≠0，th亡CurVatureOrradiusof  

turnlng traj仁CtOryalsowi11vary・In that  

casE the rear wheelwi11not be able to  

fbllowthepathof丘■OntWheel・But，When  

thesteerlnganglewillrcmainconstantfbr  
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Performan亡eS Of these equaticlnS tn  

representtheAFSV・  

Oida aLso m仁ntioned that the ruts  

（trajectories）offrontandrearwh巳巳Lsdid  

not coincide wh亡nthe bending point was  

notlocated at the cer】tCrOfthewheElbasc．  

Butthisstudyshowcdthaton－traCkingcan  

b亡attained only hr thE AFSV ofequal  

lengthwh亡仁Ibases and whenthE StCerlng  

angLeisfixed，Othefthantheseconditions，  

On－traCkingwillnotb叩OSSible・  

Wheelt画ectories，andtirnehistory  

Ofsteerlng angle foIAFSVinU－turnis  

ShowninFig．7aand7br巳SPCCtively・Front  

andreaLwheelbas仁SWereOfequallcTlgths・  

Thcs巳figuresshowthattheportionoftur11，  

Wherc ste・erlng angle was not fix仁d，i・e・，  

珊th。reWaS。。。。－traCking．B。thr   
血  

the portion of fix巳d steerlng，fullo71・  

trackingwasattained．  

Figure8shows the trajectorics of  

AFSVinslalommotion，forequa11engths  

Of wheelbases．ALthough the deviation  

betwecn the fr-ont and rear wheel 

trajectoriesisnotsoslgnificant，therewas  

no on－traCking throughnut this motion，  

becausethesteermganglewasnot鮎ed・  

Con亡1usion：  

A kinematic rnDdel 丘Ir an  

articulatedframesteervchicl巳isdeveloped，  

whichcandescrjbethekinGmaticbehavior  

ofvEhicl巳，eitherinmotionorinstandstilL  

Simulationswere donewiththis mod亡l丘〕r  

C加：ular，U－turn and slalom motions・  

Results show仁d that on－traCkiTlg Can be  

achieved only 王br the AFSV of equal  

wheelbasesandwhenthesteerlngangleis  

由仁d．  

4．Dis亡uSSion：  

Oida2） mentioned that the  

articula［edtractorvariesth仁POSitionofits  

Cent∈rOfgravityaccordingtotheturnlng  

angle，SOthatthemotioncquationsbecome  

Very COmPlex and difficuLt to soIve・He  

dcveloped a complicat亡d s∈tOfequations  

tod亡SCribetheturnlngbehaviorofAFSV・  

Dudzinski3）d巳Veloped another set of  

lengthy equations to describe turnlng  

process ofAFSVwhen the vehicIcis at  

StandstilL．Butinthispaper，aSetOfvery  

Simpleequationsisintroducedtodescribe  

thebehaviorofAFSV，Whichisapplicable  

ejther 払r the vehicle at standstillorin   

mDtion，Simulation r亡Sults showed th仁  
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