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                      FOIUIWARD' • •-
                                                     '        '"The mechaniza'bion of rice harvesting'in Oapan had

 no.t been done for long time, becabse of the small-scale

 and intensive farndng. '
                                         '                            ,         since a combine was used tentativbly in i'960 for

 ,the firs't time in Japan, many attempts"to''use the combi'nes

 in Japanese paddy fÅ}elds have been'made With the'purpose

•oE minirnu;n labor requirernent and maximum'petforrnance' .' M6st L

 of these c6mbinest howeve# were foreign-made ("and 'in'

 this paper these cornbines are 6alled'the 'welster'n'-typ6

 combÅ}nes, from now on;), and some b6mbines "made"in Japan' '

                                     'were developed and tried to tise. Wrteh these WeSterri-type

combines were used to'-harvest rice grown in Japani which'

is usuaZly more difficult'" to 'thresh than rice'' gtowh'in

other countries, the grain losses ( unthreShed-and

damaged graÅ}n ) were high. In addition; most oi'these '

foreign-made cotnbineS are to6 large ( a'bout 3' meteic or `

                                        'more cutting width ) toiinse in the sirnaZl indivÅ}duaZ paddy

Eields in our country.''dihe attempts tb adopti`the combines

developed in USA and Eutopean countxies .are very .signÅ}-

ticant. On `Lhe other hand, considering these peculiarities

of rice and fields in Japani small rice combines'( O'.5
to 1•.2 rneter cuEting w:'dth') were recently investigated

and manufactured in our country. These'sTnall combines ' '

Were called self•-feeding ( or head-feeding ) 'tyPe combiri6s

in Crapan, because these consisted of'  Japanes self--Eeeding

( Or head-feeding ) thresher which threshed 'only the-head

Of rice plant fed to the thresher by the chain conveYetit

                              v



 the cutting and travelling assemblies. A feature of the '

 eombine of •th'is type.iS th'a't grain d'arnage and lossarevery

 IOW- '' lt''T "n ' -L '. '' '
 'PUIU?-OSEIAND SCOPE •'OF S[[tUDY

   ' !n this paper the-characteristics'of power distri-
       '              'L bution and consumpti6n and the•dynamicZ behavibrs of the
                '                                         i functional elements of the Western-eyPe'"and hbad'-fe'edi'ng'

            L                  '                                                  e ty'pe -eombines wilZ .be discussed and the difference betwe'en

 these• two 'types'of combines be observbd. 'The trave;ling '.

              ' characterÅ}stics of coinbineS such asicontact--pressure " '

                            tt      - distributLion pattern and fluctuatÅ}on of travellihg totque

 as weU as vibratz'on characterist'Å}cs of''the•smaIZ comb'ines

 wUl be also discussed. The automatic st'6ering system oE' "

 the head-feeding type combine and its resPohse path's' to
 the aitificial and actual input row of 'rice plant"will'be

   t t- fi investigated.And, introducing the'LfnathematÅ}cal modelllfor

 the combine and using the digitaZ .sirnulation technique,

 the applicability of the automatic'stbering syst-ern tb'the-

 actual 'paddy 'field and the xeZiability bf- the' ihhtihematidal
                                   '                                                   tt model wilZ be considered.
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                                                             .1
                                                   '                                    '                           '         • i ' - L ' ' 'CHAPTER I - : ' -
         - , • • !ntroduction' ' '' ' ' '''
      " 'The 'historical reviews of the studies ofi combine

'during resent"twenty years are given be'ldw. " -- '. •
                     t! '' '' ''The charact6'tistiCS"oi :PoWer reqiiit'e''m' ents of each

 furicti'onal ellement of'the combine•which hatvested wheak andV.
                'soybeans were`discussea by 'Di 'E. Burroughl). he•used two, :'

                                                       '                                   'macntnes"for liEhe experiments, one-Oi wh-ch was Self-Propgl!'ed

 and'equÅ}pped 'with 8-fti' cuttb'r-'bar and--the threshing eylÅ}nder •--

of the lflail J' oÅ}- rub-b ar type. '• Most of- his -exper i' inents :On ti his

combime''i"ere •conducted to determine'the maximum conditiQns

which the.maChine'would be exPected,to ericbuhtet. The other'•

                                     t.t                       'rnachine was-a' pull--type combine, equipped with an tauxilÅ}ary

 engine and ernployed'with'a rasp-bat•cyl'inder and a 6-fti'' 1

•cutter bar.. The eXpetimehts "of this eOmbÅ}ne 'wete 'conducted• 'to

-determine the change in power requirement with increasing
 f•eed /tate.' --'' L• L•'•';- ':•i."-' F'.' '' . ./....• .

          The power'tequirements uith'L'ricreasin'g travelling

 velocity of` four combines'6i pun-type'"and a•s61f-prOpelled'

 combine w-ere studied by e.JDoiling2)i 3')i The c6rubines whieh"

 were us ed fo r the exper irtents -- "r• erb equipped wi 'th -'4 , ' 5 i 5 i '"7-t

                                        ' 6 -and 8 'ft. cutter bar,t=espeCtively, and they harvested

.ncye.• and wheat." He[ discussed' the-tractive• forces for''the'"pU'U-

 tYPe coTnbines and the fluctuations of power reguirements of the

 engine and the' ;threshing cylinders•. '' ' '•;: ' - •-"' -'"'

          The threshin'g Land se-paration charac'tex'isticS' of .the '

 eornbin'e were Presented by b."Frenze14). He displayed the '

 reiationsh'ips'b'etweeh •th'e' headerulength an'd gr'azh'"losS,



                                                           2
between cylinder speed, and thre$hing loss as well as grain
                           ];                                                  ' separation• ratio, and between concave clearance and the

threshing loss aF'well as gr4in ratlo• .r , , ,.,,,

     . N. A..Laze6nyj dipcussed tl}e rnotion of the grain ,
         '` , i 5)                      . According to his discussion, the 'on the combine szevq
  ttco4dil lons fgr the gFain motion on ,the,sigvg of the tr?.ve,Uing
                                        'coTnbipg vJere deVermined npt only ipy tPe,kinematic.,facPor, sieve
                            t. ;..slope"  gnd fricVipn 'betwgen grain and si-eve surface", but •also

by the des"gn .date .of .comp, i.ne suspensiont elastic chgrgcteristics

                                                      '.pf sieve .suspe.nsign, Åíield pro#ile,ang t.ravelling vg,lociVy of

the rpqcPin9•. . ., ,,,., v..,,[ .. . ...,, .•. ..••..
 . N. v. Filat6v et al developed increasing'grai.n sepa-
ration efficieney' on the straw sieve6År. He used for the

expgFÅ}ments with separation of chaC..f-and small straw-, pormal
              ttstraw sieve of 9he cpmbine SKT4. and glie double-bottgm e?Åqpgri-

'mental straw .sieve.,
                           t Pt.               '                                               L. '         .The stati$tical cha.xacteristics of the 'threshing .
force of the combin.e. sK-4.were discussed by gydgl' et ai7),. .

         The dÅ}scussions of the statistical indices Tfor eva-
                                              '                                                       --lluation, such as an autoco.rrelation fyncY,Å}orp and power spectF. al

                              t !tdensity function,,oi thg.gombing operation were presenV.ed.by.
A. F. Kononenko8) . gnd A. Br ;ur.fe..et al9)•. iÅr• F•.Kgpgnenko

reported the normalized autocorrelaPiOn functions and power

spectral densities of field profile, straw.layer thickness and

threshing torque. 4. B. Lur'e et al reported the above7mention-

ed functions .pf .the fluctuations of the power. rgquirementt

'planging de4sity. anq crop .field profile. '
                                       tt         The rice eombimes wjth the wide thre'shing cylinder (



                                                             3
  width of• 128e mm and 97:2 mh, respective'ly') were rePotted by 2.'

  '                                         -

      ., tt' ,. I'           xn Japan, the exPe'riments of a trially manufactured
                           '                                   . .'L 'a  rice combihe .wer6-condu6tedL thd functidns 6f el"e'mentis of'-tihe':

  c6mbi'rte:were o6s'erv6d and dÅ}scussea by 'x'. yok'oyama d't' alll):

  They 're'Vealed t"he thrb'shing and separating dharacveristics)

  and heasu=ed thb 'p6wer requirement for threshing and operating
                      J                     '             '                        '                                                    '  efficiency''in-•tihe .field; rrL i ' n. •--]
          '''For a small heade'r combine'inThieh had a rotating disc

                                   Lt                           -t                                                        '  dutter and cut -only 'the 'head of riee pZ-ant and contrdyed it

  pneumatically, power Lre-guirements afid grain sdparation ' '

  characteristics were discussed bS s. urngda et al12)r 13).

           t                                 '                                                              '           The ekperiments df'the''pjestetnLtype LSrkazl ricd 'cdmbine

  which abas equipped a 2.3 "meter cutter'6ar ana`the threshing

                    tt  cylinder of 73 cm width were 'conducted-f6i 1{arveSting"tice by

  N. Kawamura et ali4)" 15').-Th6y rdiported the p6wer rdqdirefuents
          '          '  of the Liunctional elements and the dynanie.cfiaracteristics oE

  the torques.-The similaf experim6nts of the westerfitftype riee ,

• combine which was equipPe'd a l.3 meter cutter bar •and the
          '  threshing cylinder'of 67 cm viidth wefe -66ndu6ted .foic hTarv6stin.g

  rice and bariey bY ri. Ezak'i bt.al16). They`tepTorfed thb 'Power

   -                      -  requlrernents ok''the functionai'eleme'nts of'-.thd "conibineti.a'na'the
                              ,                                              '   '            :  statistical i6haracteristics of the fluctuating torgue ol the
                                                           -                                      '  'threshing cylinder. '' i "' .--
           For head-fe6ding'type 'thresher, the power requirements

  of each funct't6nal 'eiement and the .statistical characteri$tics

  of the fluctuating torques of the'elements 'svere dis6ussed by '

  N"Kawairiura17)"'"':18) eÅí al. -' - ''



                                                            4
        .For t.he heqd-#eeding type combin.e,s,, the. sirn.ilar studies

as the above-mentioned thresher were.conducnted by N. Kawarnura
     l9)                             20)ev..q.1-:, and by H• EzaJsl et al • L,. ,,• .
                                                t-                                      l      , ,,. Abeut the tgavelUng'per"Eormances 6f yhe,.agriculturai

mach.in.ely, there are ma.ny l?opers, 'andntl}e 'pgwer requirement.s

o#. .t.he combines for traveliing were discussed in"t.he. above-

rpentioped rgferences• . L z' , .,. . . .. ,. ,.' ',
  . ,Thel pres'sure distribu-tibn patterns under'.a track-
  -t t -t ...
Ia.y;?g.ggg•l:lg:?%yhg.ii;gxs.2n.i::,s2:gs.sl'e,r,..ei•g;:ip.:!2g,-b,\.

                                    'However, 'they were about the track-type tractoFs".gpon',Fvhich
                         'the tractign or propul.sion -forces acted. ,
                                                        t.                                                      .         N. Kawqmura et al studied the pressUre distribution

patterns under thg ,tracK-typg,'small rice cgmbip.e on.t.he.
paddy fields15)' 19). y. yasgda et al also dis,gusEed the

pressure distribution patterns gn.der the.t.ragkrt\pe COmbin9
       24)on sand . They determi.ned the pressu.re .distribution pattern

theoretically and confirmed experirnentally us.ing soil pressure

transducers buried in sqnd. .
                                - ..; t- tt         heny studies of vibration of agricultural machinery
were eonducted and'  Vq. S61me displayed the sbatistical method

                                         'for vibration ptnalysis of agricultural machinery and discussed

the vibration characteristies of the tractor25). on vÅ}bratin

Of combine, lru. V. Grin'kov discussed the influence of the

Operatzon oE the funetional elements to vibratÅ}on o.f the

combine siÅq-4 and isolation of vibration26). For the western-

tYpe small rice combine, the vibration characterictics were '

discussed in connection with the fluctuation of the travelling



5
                           l5) '- torque by N. Kawamura et al .                                L'. M. Grosev discussed the
 random vibration of combÅ}ne under operaitÅ}on and obtaÅ}ned the

 correlation functions and power ,spectral densittes!'of-the
":ro' bd and fi•eld' proEiXes 'and tlie accelerati6n of-tht'" ftatue

 on t'he steeringi axle of the combine SK-4}, ahd the change in''

     ' root mean -sguare'deviation wit'h rt:he co'mbine-velocity27-). •

       '-For the'' head-feeding ty.pe combine)ithe 'vibr• dtioh: charaete-''"

                        - rzstics Were studied by N. Kawamura76t' al19). pv ':•. .•' r.

   - . The autb'matic stedring system i.or 'the'ttraetor was

 reported';by :J.'-A.'tiljedahl'-et ai28), M. A. Gravurn et al2.9),

      - Lal. N. shu]da et a130), A.`-p. juliah3'l)', lfi. •G;'R;z whrner -

 et az32) and M.-B:'widden et: "E l33)L M"any inbEriods': for a'etbct-

 ing the input andJautomatÅ}6 sEeerihg `sLys'tem we'rC gi'veh in

                                  [-these papers. R. L; parish et 'al-experimented th"e iautornatic

 steering system•of the wihdrower with hYdro-static t'rang-
mtissions34) and discus'sed Lhe-Lt'rackihg aceura6y"by'ineah$ of

the experiments and digital SiinulaLion- tebhniques35). "For .

the head-feeding ' ty' pe .smaxz;ricb' e6mbihe, the' exper.1'fu'eihts rr'

                               t-                                         'and digital'sÅ}muMation•of the automatic''stdertng sySteth'" '

were'cdnducted by N. Kaviamura et-.ar36)-•t'37)-?r38)t'3:9) ana' •.

bY Y• .Yasuda et:a-l40) " .- •r ,'- ... •,.,, ,..
                     .                                                       '     t

                               -t ' t'/ ' l' ta -t ltt
                                                            .                           t f.
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                       r CHAPTER'2z'•

         pbw'eic'Dis'tributSon'CharacteriStics 6f the Individual

           : ' Functibna'l Element of the Combine
                                                           *•
2-1 power DÅ}st.ribugipp pf.the Westgrn-type Small. Rice CombÅ}ne
                           '         Because a combine has cuttÅ}ng, threshing,kConveying,
                       '                                'sepaacating, cleaning and trave' Zling fu.n,ction.s. at tPg,same ,.

                          t'                        'tifue, it-s power transmission system .is very complicated. So;

                                                    .Å}t is necessary for the future Å}mprovemdnt rito.make clLear the

                                             -
character ,ls;9.ics of thg,Yorgue gt'e,ach,-e+,gment and the- power

distt'ibq.tion to e4ch elernent• -t t.,. ..
      '  -
 . -' In Europe and Pimericat for the corubines used to
                                                 tt                                     ttt .- Lharvest wh'ea' ti barley, r,ye' grid soSTbean. gPgir' =p6W.g'r 'require-

                           tt                       'ments.ot the 'functional elements had been me' asured and their
cha'racteri'stÅ}cs,had'been discussedl)-' 2)' 3). in oapan,

      Lhoweverr the charaeteristics`  of the toL rques and the power
                                -td' istribution of a half-track,ed coTrip. .ine, [or harvestin.g rice
    t-
plant had not yet .been me'asured Jand dÅ}scussed.
                                        '                             t tt ttt t' t                          - -.         Some experiments were 'co.pducte.d .with a,Western-type
                         'small rice combÅ}ne manufactured in J-apan whlch. had spike-
                                    t't
toeth •threshing cylinder and concave for •threshing rice and

of'which' travelling device was full- Vracked. And'the torques

as well as rotating speeds of its main ,functional elements
                                          '                                       'Were measured undier sorne diEferent operating condi'tions.

NaMelyr for.the reeords ofi the torques obtained under•each

Operating condition, their average values were mea$ured and

the relationsh'ips' bet•Ween -the 'operating conditions•-and

'average pow'er :requiremen'ts were di•scu$'se-d.' " .



                         '                                         L ,2--1-1 principa•l•Descrip.tibn'of•"the 'Experiment's • . :,•
                                  '          [ehe principaZ speciE'ications of'the combine used' for

                  ' the experimeri'ts':"'af":e- giij'efiJ'i'n' "di'aiple 2-1.

          t-t .-t                               tt        -  tuabie 2-i' $pe6ikl' dations 6t 'Eiepeiimented combine
                               i           LType of Combine "'- '"Fullitraeked and Self-propelled Small

        ' • -Rice Combine '                    t/t                   '.Engirie i ,jii.i'. ' ' l' II. "'.nywate.r-cg6iea Gasolipe"Engi;he with Four

                                              -                           Cylinders
  Rated Power ,' '''"''''''"'• 35 ,PS /'2100 rpm•'. :.- .
  ,bc,axiin' urn power '': ' '''''L'' ''''40 pS / 2-ZOe rpm

                   . ttL L ..ttt-t .         'Cuttz' ng'  Device u..' .i3g.ici;procating Cutter 'Bar

  Freguenc'v '' , J' 400 'cpm Zi --' - - '     ;"  Stroke =' .l' :'""" 75 mm i '
[rhreshing Device . 'Spi,keNtooth 'Cylinder.ana Conc.ave.

                      Van' ab.le-speed V-belt Drl.v.e', .
                   t -ttr - J                              '  cy linder wi dth .., .. .., ,.• .7 30 MJn, -. . ,, ; •.
                                                    '  cylinder Diameter ur. -,.L540 mm '. ., •-..
  Cylinder SPegd `' '7QO- ,ÅÄ:l-OOO 'rprn
  Concave !utdth ' '.' -•725 mm : . ,'
                                         .                           L  concave'Clearance .•-3''Ti 25 mm• " ,
.!DFavellincr. Device Variq.I?.le-tr, ?...e..ed V-'l5elt .Drive '

  Fo rward ls- t,C IO .2 08 - O.'4 1A6 m/.s ec
                    - •2nd, 'O.398 - O.796'Lm/sec
                "r.. ..., 3rd, O:800#- '1.600•"rnlsec :'• '.
                .- TS2VerSe . :, u ---/ -• IT• t-' Ji' 1. '- 04 32. g6o lgP ,r 6, ?1. mÅq sec t

 contact areti tind'er'•- -L''z -.,2.oo x .io4.cih2''- ' .'•.

                                         tt ttt. J                        '
 Average value' oi'' ' o:21 kg/cm2
                       t-    Gro;Lnd Contact' i
                '                   '    'P.ressure]

          The pokTer transmissÅ}on system of this corubine is

 Shown in Fig. 2-1. The engine power !-ias transrnitted with V-

 belts and pulleys -to the thsceshin.g qylinder, travelling

7
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The variable"speed V-belts were used betweeni .the. cyUnd.er

beater•.and the threshing 'cylinder .a's• wel.l •as •t•he .trpvelung

shaft and•'t•he ,'gear box. input sl)qft.forchangLng,trav.elling,..

speed steplessly The latter variabie V-belt transrnission device

could be aqjusted by the operator on sthe cornbine`,., .
                                               ' , 'Th'e•elernents• of Åí•ihich Vorgues were mqa.sy.;g.a. are shown

   'in this figure ntth Xts symbols, that is,the torques and

rotating sp. eeds oE .(1) 'the engine, (2.) thresh4ng •.cy.lz'nder,

shaft, (3) travellina. shaft and .(4) the ben,d.ing strajn o.E the

bell crank driving the cut.ter bar a.nd (5) the.-torsi.gnal gor.ce

oi -the wheel shaft oE the worm ge,ar:b, ox -{-orp.aqjusting cbncave

clearance. This torsional .force.wa$-produced by the force whicn

was transmittea" to the concave thro•ugh th.e-;t.4re.sheq,str4ws,-by
                                               -the spike-teeth of the cylinder and varled .most-rqpiqly and,

accurately with change in rice flow rate be#ween tlig cylinder
   '
and coneave, although the change Å}n..the' qylinder-•tp,rgue was

aÅífec-ted by the rnass moment oL= inextia of the thresh4• ng cylinder.

         'The elemepts of.which •ro:tatipg:.qpeed,s 'w:ere.measured

are ,shown Å}n this figure :ith O's..symbQls,• tha.t•Å}s-r .besldes.

the above-mentionea' elernents the rotatii g .speeds.gf the cylinder

-beaterr fan, .reel and.straw rack wexe measured. . . f

         The higher rotating speeds were measured with cutting

a magnetic field and the lower speedsr EorJ exa:nple!.•SpeedS Of

reelt straw rack and the drum Eor measuring the •travelling '

VelOCityr were measured v,Tith cut-off o.E the microswitches•

         The travellÅ}ng.velocity wa's measured as Collows. P- .

rOtating drum, on which the nylon thread r-r,as woundr was fixed -

On the experimented combÅ}ne. Ts7hen the end of this thread was



 fixed on the groundr then this drum was rotated at the speed

 proportional to the travelling velocity of the co:ni?ine

•harvesting ri•ce plant. In this experiment this ro.tation•al.

,-: speed was recorded. '  ''  , . , " ..

                                            41 The. experiments,-were conducted on Octq.ljer 20 th to
  :. 23rd, l965 at the. east!eny.cnl-g.mi-m..g.flland of the lgkg of Biwa-ko-

                tt and neighboFlng fields`• The expe4mental cbndlVons are
 shpwn in Table 2-2.'The var.iable parameters of2the experi-

            '         ' meht were.variety of rice plant, traveZling veloeity and
         -              '  tt t           ' cutteF bar height and cutting width. '[Vhe concave clearance
                '                                          T rth'was adjusted to the optimum conditions and,tkept. almost
                                               n         .-                - constant during all the experimeptp. Z ' ''
         The tor:.ugs recgrded'ilal s ti{ne fB.pctigps' were fluc--

 tuated by the various factors.)The characteristics of these
                                ' fluctuating terqueS were discussdd with thettechniques as
      ' follows. Xn order to find the relationships between the
        . operating eondit'ions and the average values of the torques,

 ope mean values of the f.Z.ugYy-g.ti-ng.go.,F.qu.Hgs.weF.9"Yaken• BY

           -       'this method, the relationships between the operating condi--

                                            'tions ( especially, feed .rates of paddy andlor straw ) and
                                                      '                  'the average power requirements of the fuhctional elements
                                                   t-                      .I:l .t.hS,:. :Ill,ll n:.gO;lg,:g.g,o"gi g,::, g.:h,g.g"gr,a:•/92f,ig;,i:g.$"c.p

                                       -t                                            ttwhich iluetuated with /Å}me by the other .Vhan qperating
                    'COnditions eould not be found. These ' dy.narnic characteri'sticS

                                                      .1of the fluctuating torejue's' 6f .thd functional elements of the

                                        'Western-type combine win' be d-iscussed in CHAPTER 3•

1-O

,
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2-IT2 Experirpe]?tal Results and Their Discussions

a),operating P9rCOrManCeS. . --. - , . • . . ,,
        .The operating performances were measured forc

2, 3 and 7, and Vhe resplts.4.;e shown .i4 alTable 2-3...

               Table 2-3 Operating Performances

Test l      t

7

RateofNetYield "(, !ls..).. :•95 .5 85.9 90.5 80 .o

-ofGrain

Specifica'tionsof-- Lt- t-L. 'r -

Losses
/Lt- t:.

Header]]oss- ( 2) O.1 O.1 O.l o .l
.il

CylinderLoss •( .g'"' intst 2.I.I 3.'3'
'1'..-

'L'''2'.2

12 .7

FreeSeedOverRack ( g) 2.l 10.0 7.0 5 .5

FreeSeedOverChaffer .(-.- gi O.2 O.2 l .7

Sieve

( z) 9.5 20 .o

                   '                      v --mhe totai iosses in Tesx's 2' ," afia ill"idE6'J-iafg"er"than the other

tests, this was due to many separating lossÅq the grain lost

out the rear of the combine in .the': -#orm of threshed grain ),

the ratios of which wexe IO.O qnd 7.0 percent, respective-

ly• Besides, these higher .losses might-be due to insuffi-

cient adjustment of the threshing eiernent and the errors of

Measurement. Xn Test 7, rice plant was pexfectly lodged and

therefore gxain losses'increased. The greater par'ts of these

losses were cylinder Zo$s•( unrthreshed grain ) of 12.7 per-

eent and separatipg 1.o$s of•5.5-pereent. Acc•ording to yield

teSt per unit area at Test 7, unripened grains were 16,O

PerCentr therefore, thres],tÅ}ng was diffieulÅí and un-thre$hed
'



grains incresed.

b År po;•ier Di$trbutions to the Functional

                                      '    TheLr Power Requlrements
                                tt.        As shown in Fig. 2-2, the tbrgue

           . HOne Rev.
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                             '              ID
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      .                                     ntt
elementsofthe combine fluetuated''ntth'time as the Same

rnanner as the fluetuation .in the foree of the ,concave from

the cylinder. This phenomenon was- due to the unevep flos" of

                              'r:Ce whieh was fed into the thre's•hing device. The power

l3
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distributions to each funct-ional elernent were discussed vlith
 '
rega•rd to this iluCtuatiOn in rice flowr The averoge torgues '

and rotating speeds of the elements qorresponding to the

interval pf the increased and d• ecreased concay.e forces in
                                    /- .such a length as shown {n Fig. 2-2 were..meastrttd from oscU-

logram charts and ayeraged pot"ers.were calculated as shown

               t .J. t                  ,in Fig. 2-3. The right columnLEor each test represents the
                       '
average power'reguirement of each element when the concave
         'force increased 'and the left 'cbluinn wh,en'decreased'iLrespec-

t•ively. The whole area of each, col.ump is proportional to the

engine power• [Vlje broke;},lip.es represent Che E.eeCI Fate oE

rice plant ( kglTnin.), frpm w4.zlc) thfie ayeFage p.gwer requiFe-

rnents of combine ;yere closely related.w;th the. geed ratg of

rice plant. FuFthermore, the folloyvipgs.were. cpnc.lu, qed•

i ) The averqge power of .thg gpging ip7egch.gxper;ment varied

from l3.5 to 26.5 according to the feed rate of rice plant.

Ispecially, the power reqgÅ}remepYs gg. #Pf Y.hreshing cylinder

were close ly.reiated to Yhe feed rater that ist t.he pOwer waS

2 to 9 PS ( 4t7 PS.on the aveFage ) ".Then the,.iged rate was
                 '49 kg/min,,and 7 to 16 PS ( .llr6 PS on the avexage ) sthen the
                                 '                                         '                                                l)Eeed rate was 85.l kglnin. Aqcording to Burrough f Eor the
              '             'similar operating effl.ciepcy as Test 4 ( feed rate of 33.6 .
                      'kg/min ) the power reguirernent of the threshing cylinder of

'             .. .t tt t                    Lthe combine, which had a rasp-bar cylinder and harvested

Wheats and soy-beans, were 4.1 and.6.0 PS, respgctively•

                tt         [rhe relations between t,he geed rate and aveF.age

threshing power are shown in Fig. 2-4. In this figure, A and

B represent the rela.tions betw'een the power and the feed
:..
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relati'on

and 'straw. rn
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than others by

ii ) :n our
cyZinder to

iveS' t 4, '43.8

the range of

were from l4

tive1y .•'

straw feed

45.5 percefit,

for a

wheats at th6

xate of Z38

        O' '20"' ''40 "50 ' '80
          ' Fee di !?.a4L" [S ( kg/mi n'i; ') ' ''' ' ' -

     Rel'ations betweeh Feed Rate''ahnd 'tnh'reshing Ponve"r' '-• :'

       and straw,''respec'tÅ}valY'.' And C r'eP'r'esents the

  between the power andJthe''tot'alHfe'ed'ra"te bf 9ira]n

       'Test' 5, the extta v'a"lues of the threshing

     ob'tained because the dutting'he'i'ght 'wels h'igher

                            '

      exP'erimfients, '7the ratio of Åíhd avera'get' pokver of the

      the average p"owelr of-the erigth+e 'was V34.8 per'cent in

      perceht in -Telst 3 and 27.9'lÅrercent 'in [vest 7. pnd

       th6'varying''ratios of the 'Powers of 'the dylinder

       to 60, 25.'4 to 60 and'15.g to 36.6 percent, respec-

  Aceording to Burroughl), fo.r harvesting wheats at the '

     rate ok 33.6 kglmin the ratio of the cylinder power

       and arccording't6LKanaiojski4) it was 2s percent

selE-propelled cornbine"vith' a' rasp-bar eylinder harvesting
       Etabeliing velocity o7ft 1.25 m/sec and the feed

      kglmin.

                                                       i"
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         Th• e•combine. used.by Burrough,, .hpwever, was a ,pull-

type and had an auxilia-ry epgine for.trayelUngs therefore

the travelling power- wa$. not• cQ.nsi.dered-in,qalculating .power

distributions.•In the final-analy.$is, •it wa.s•-tound. that, the

ratio of t-he .gyl inder power•was much.greater Eor harvesting

rice pl.ant•than for. ha.rvestin•g wheat. Zt is, remarkablq

charaoteristics of•the rice-combine e$pgegglJ-y used to.

harvest the variety-Jappnica ric-e that.the power reguire-

ment of the- threshipg cylind• .e. r- Å}s. yery. g;ea.t.

iii ) Durin• g ev.exy= experiments, , t-h• e• •cut.tixig,.powe..r dld not• cl'zange

                           -1, ,, :so much and their values were'hot greater. than.i-ps..zn harvest-

ing whea.t, they were-about 1'pS according to Burirough.1).

Therefor- e,''so far as the cutting-- ppwer .there .was' not grea't•.z

difference-between rice and'wheats;-' ''• . -.,.

iv ) !t oWed• to.the very low traVeliingv veloCiti'es oE O.i9 to

O.32 m/sec that the average travelling poweicsLof.the full--tracked

combine were low, of 4 to 8 PS. rt is ve=y difficult to run

faster .than these velocit, ies in J-apanese rice field, because o-F

the large Eeed' rate of' rice,.and high moisture'content of straw

and gra'in. And their ratios to the average powers of the engine

were low., that is, their Values were 19•percent in ,Test Z and

22•6 percent in Test 3, respectively. It'ha' d been• a'lso reported
                        -bY KanafojFki that the ratio of the travelZing po.wer to the

engine power of a wheel--type cornbine wa$ 42 percent' .This hig.h

Pereentage, however, might be due to the high tr•ave-lling

Velocity ( about L25- rn' /.sea ') of this combine•

                                                             "'
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 2-2 power DistributiPn of•'t;he Se.liTfeeding Type Thresher**

         The small combine of self-:feeding (or head-feeding)

 ty,pe thresher is cgnst.ruqted with mpunting therhead-feed• ing

thresheic used in Jqpan tq the small. corrn)i-ne frame with..iche

cutting, conveying and travelling devices. Because this type

oE combine threshes oply.the'1iead fed into the threshing
                     .-t.. .                       /telements, it is of $malLl' Sl"ze, light weight, Zow price and

good operat-ng per#ormpnce•to rice plant 1'n J• aPan, then it

may be suitable for the 'Oap?.pese agricultural pursuits. .

         The function of the head-feeding type thresher has
been reporteq b\ `shozi et ai.Sl668rder to make ciear the

function of "each •element oE the srnall combine with head-

feeding type thresher, the power reguirements of the elements

of this type 6f thrd'sher were measured and in this section

the characteriStics of the.;pad at the elements due to.the

change in the feedipg'" rbddle, feed rate and moisture content

were discussed. '"'-
                          '                         '
2-2-1 Principal Description oi the Experiments

         To drive the exiper'imented thresher at constant velo-

City, the induction motor which had ample power 10 PS was used.

In Fig.2-5 the schernatic diagram of'  the po"Jer transmdssion
system of the experL'mented 'thresher'is shown. poyver was

tranSmÅ}tt,ed with the v-belts to each element, except the-:feed•

Cl)ain conveyer s"hich restxained s.traw and fed it parallel to'

the cylinder axis was driven with the wor!n and worm gear

through the- threshing cylinder shaft• - - ''
   . Tlie shaftsLoE which torques were measured' are shown in this

figUre with o'symbols and theshaits oE s"hich rotating speedS
:'
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contents.oE rfiqe.t siiZeSiof sheaves, feeding niode and fotat-

u,l g.g,i :i, g• SS.i :i.tl"'b::•:l-•gi• -I g ,-i• -\.•- :.i...S,!I '' i.l;e. .se gxpg.rvi.pe. p.yai

                           '
'i) !v:pistGre-co f.ep{/,,Siii'1 il[: '[l].Stl:it:l,l?IRIIPg'

                         '- tt- --tt J' 'Lt' s. tt
                     Small 1.0: kgÅ} ,
,) , size of one .s

. "pe

.a

 fl: .a"g g. ar r" 'g . .IHr 5, lgl ' L. .':.' :.1 . ' ' ''L "' L ''

                                                  "- ***
3)'  ,...., ,,,.,.2'h}eghiES BiAdg'dliph6aÅq•l•lig:i'l:a.:l!e,im.i"tf,r"al}.

               X r '-' ' L' /i•g kg/-b'DÅëm

              - Threshing Continuouslv ' ,

                                       1.5 kg/40cm
                   -                     Low 520 tpm 710.m/!pin(circumferential4) Speed of CylinderÅq(standardrsgo rprn. slo m/min(. SPe9,d) )

                   XHi'gh .660 rpm -910-;p./min( .' . )

                  Low O.22 m/sec : ,                /'
5)  Feeding Speed

                  High Oi30 m/rnin • •-
   * These weights of one-sheaf' were measured just after reaping

          and those: ef..dxied are shoss'n in TabZe 2-4.

  rk* The size of one-sheaf was' standarq.

 **" The width of the thr.eshing'cylinder was about 53 em.
                      L
 '        Xn Table 2-4, t.he..co.nditions of -the riee Used Eoar

        The methods ef feedt!ng rice plant are as foZIows•
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 -Table' 2-4'Cendi'tions of Rice- •.- z-s --

varietY- of Rice NAIÅqATE-SHrN-SENBoN
PlantHeight

Length'of-Panicle'

(C'm)

•(cm')

,, '7-r' 86.7'-

l9.7

tgoistureCOntent
and.Grain-StrawRatzo.

of

---

.Rzce-

Green Dried

.- tl/
)loisabreContent..".Åq9e')'' Straw•

.Graln- :-

.•71.-3;
-.ny 24.0:-"•

34.5.

15.9L
Grain=-str.aw,Ra.tJip,Ht [iililrEi-••z

.• ,43•5..
SizeofOne--sheafF SmallStandard Large

-t''fr"weightoEOne--she4C'---.Åqk-6D'n tL LGreen

.IDtieal

'm'ttn--tt.t1.01,.5
.' O".57-" o.ss'

-i.-2.P"'1:'i3-/-t

.Dzarnetqr..of,tvt

One--sheafÅqcrp.)./"1

Green

.Dried

..
,8•8i11.l.-

8.Z9.7
12t,8.---b11.0

                                              -         '             t -/ t. Lt t..
        rithen the binded sheaf was threshed, in order to keep

the distance ,beeween,reagh shqaf, the straws near the roots

Werg.fi?igd. ]?.y two iron holding-bars. FoF. thF.esh;ng with .,..

contipuous feedipg, 1.5 kg.of rlce plant was distributed

umiormly anq, ,,iixed in.gaqh 80 Frn or 4.9..cm distance on ab, gve.
                                 .. - -                                                           -tMentioned.holding-bars. Thus,..this feedi.ng.rnede was similqx .
                                                            ttto the feeding mode of the smau eombine with tT he head-feeding

tYPe thresher. The ,.tQtal ,,Eged rgte qprrgsponding .feeding .one-

Sheaf pf l.5 Kg ap.,s,pepds of 22,q..mmlsec and 300 rnm/sec were .

COnyreSponding..to.e9.5 kg./.m4• p. gnd 67.5 .kg/min (16.6 kg/m;n and,.

                                    '22!6 .kglmin calcptaced Å}p terrds of rough .rice vieig4g, gFaip- .".,

straw ratio ,,;:Jas 1:2),'- tespectively. The ordinary fqed rate ofi

the
 Srdll rice coilig, ine with v.he- h.:eBd-feeding type thresher is

                 '

s
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.)o,ut 3o kg/.mÅ},n and that gl,,.tbe head-feed. i.ng. .t.hre,shgr is,

about 3s - 5e kg/rnint ,, ,,. ,•,,..,,- ,. -.•v...,•,. •; ••L

2-z-2 Experimental Results and. their.Dis-.q.ussions . .,

a).•operqVing, P.erformanc,es. . . .. ,, . ,. , ,.
        The o,pe.rating. perforittance$ oE the thresher were fairly
   '
superior. Xn .T4ble, .2-5- thq cleaning perfprrgance.s oi the th.resh-

qr at.ting g-rain,OUtlet ,for variogs speeds oi t, he eylinder aTe

sh.ovm...As, .t.he ...speed ,increas..ed, mixing of straw and unripened

   Table 2-5 UnripenedGrain and Straw Contents in Fine Grain

cylinder Speed •,rpm 520
                                        'Ratzos of Unripened Grain Green 2. ;...1 12 / ,
   and Straw.*. .. ..• Dried. "7. zz o ,, ;J'L
                                      7' -tr     ft At the grain outlet ,''z. ,-' •i-"-
                                       '                                                       .t                                                      'grain  in:"fine grain decFeased• The 4gske9 g.gains whlc?,..,Lvr.iere daMT

aged by threshthng were merely fo,und la: t, highgr speed, -b'u, t not
                       r                                t.J t/ .tL                               1/found at' stand' ard and.il.ower spee.d'i,•'

b} ,Distribution of -the .i ower to Eac'h,E16rnentl and Xts 'ehanae

   due tP the,Y-aribus.Fe,eding :,•lo'de ,
                                          li             Lt       '        .ln 9rder to imp,rove the-.operating performances of the ,

COmbine,' it rpay be useful to fin,d the power Feguirements at each

element of the head-feeding thresher. Especi,ally, to control the

COmbine automactcalZY,-1't is necessLary .to study the smoothea

waVe form oi the fZuctuating torque to identify the input charac-

teriStics. The power requirements of the rttaÅ}n elements and the

Change in power requirements due to the feecting rnode are as foll-

OWs• Fer continuous feeding, the srnoothed to) que at th6 eylinderi

did nOt fluctuate so much. For threshing the bÅ}nded sheafr
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             .t 1/. ttlL ' " t.: tt/ tt'' ''however, the smoothed torque changed accordin' g to the relative
   "t tl/ :'tt- /u t' J' tt /T t t -'Li t t' 'tiH t Jlt /' . L' t. t. I' L/F"t
pos'ition of the sheaf to the threshing cylinder. Therefore
       -' i' ,• r' ':', " '''' 'i' '..J,': '1'. ,. 1' ' '' ' "'' .' :the average torque of the cyiinder was calculated in the"  inter-
                           '                      t ttt t           ..t z. 't t tt .t. t       'valwhere the torque was relativeZy large and constant. rn Fig.
2--6, Ehe ' pdwe't 'teguirerdents of each'''ele'mdnt for threshing

         -..t t: t tt L/ .t /ttttt ttthe binded green-sheai are shown. The average .torgues were
caicuiated f'r6m the fre'gue'h' 'dYi 'd-istributii' 6i' dr'iveS'o'f'''the fiu6-'

          .. .. t'/... tlt. t:tt tLtttuating tbrque oscillograms'.
      ' t tt- t -t- :t t lt J-. t/i .: [tt ttt' . il tt
             ' . Ih .r :;'. '• Speed Q.t.' Dx i•.vinqtSha ii t

5.0

4.0

3.0

A
U:.1

p
v   2.0
;H

o
v.

o
"-

l.O

o.o

Flq.

r, -oss oE P. ox -er

         'Åëc. :i rv e :li n"1 ' = -' •

C11.?. :"-- :'-' ... :,- i. i5 t/;.dOS L11g

Grain Tyan'
!tuxi!lary . Cs.TÅ}inqey

1il•weshinu Cv-linder
       .-]
, .. r- ,t

l.O 1.5 .-2.0. ,1,.D
               r:'eig!"it• O!

2-6 'Pow•er -RqJc:uirer".ents gff

    for, F. eed i.ng • •Cne -- sheaf

L : 783 -rpm
:-:, ,•:,-•.891 #pm.

F. :ZOOO -rDIn
   t! tt /

!.5 .-..2 .0 .l .O L5 ,

One-sheaf ( l'sg )
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       , .Tiiese fiigupgs show the Felati6ns bg..tweg.n, thg power
                                                 .-  requirements and the weights of one-sheaf for three different
                                      tt                         t.ttt t                                             -t   '  speeds of the driving copn.ter shaft• The ?.pwer .tt. f.,the conveyer
                                                   ', wa$ given with the $um of the powers of the.chain.Fonveyer

  and augerst because these ppwers were small.
              '  i )..Threshing of,. the binded green sheaf - .' ,
                                                  '                                    '                                                   F       , The .total power rgqui;ements depended rnainly,upon the
                                               t-t  power reguirernents of theHthreshing cylinder and the lost

  pow.er wgs ;elqtively largg., The results. are copcluded as Åíol!ows.

      , There was not.a lar'ge differen,c,e of.Phe..p.ower require--

  ments of the threshing eyZinder between. the standard and hÅ}gh

  speeds. But.Eor the lowe.r speed the power. deqg,ased ufairly•,

       . As the we;ght of t4e s.h.e4Åí incJreased, the power require-

  rnents of the threshing cy!inder increased. However, the powers

  of the auxiliqry eylinder, gra.;. n ,fan! conveye'rs. and cha#f dispos-

  ing fan were a4most. consYant. This might result Erorn tllat the

  grain did not flow so much beca.u..pe .of the low feed rate Zike

  binded one-sheaf.

          .The thresh,ing .ppwer amopn.ted to 60 .percept of,the tgCgl

            ,  POWerr requirement but the power of oY.by.r elernents were fairly .
  Xi,W. Especially,. the conveying powe"r. was very Zov( because of the

  low speed anq. lgw feeq. .;.ate. , '
                                      ]-
          The power requirements of grain fan did not d.epend

  UPOn the weight, of ,the,.,s.hgaf and it increased as the speed

  .  increased.

          ,The power loss: .showed .Che, h.i..gh percentage. EspeciaUyr

  it ShOwqq the very.Iarge value and amounted to 1 PS Åq40

                            .t  Pereent of the total powex requirernent ). This :night resul,t '
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 from the complicated power transnission system sn'th' many v-belts.
 Furtherrnore th'l.s,.iirpight o,c.eur because the diameter of the pulley

 of the prime mov-er WaS' So.small that the slip occured between

 the v-belt and pulley• But, as the weight of the" binded sheaf

 was Å}ncreasedr thei power loss decreased. Thi$ phenomena might
 restiZ't from the increase of the wedge action due to''the higp -

                                          ] tension- of the V-belt which occured with the increase of the •
i:l$,'l- :gili• 2ig),,g•:• .!:e.s,os,gee.igg-•i,2o.:e.si' :e.:. Id,,:2]-22 'gls:.eg', 'ii

 gpgine power'.'"For'tbe c"ombme, espesialZy, khe power trqnsreÅ}ssionL

 may be more c6ihplicated, so the Powet' loss rnay inctease. There-

 fore, the effective power trans'mission system must be studied.

                                                              ' ii ) Thyesh.ip,g oC, Y4e binded drlgd .s.hgag... .• '
          The power requirernents of each eiement of tA6 thre'sher

 for the sirnilar feeding mode oE the nindea dried sheaf as green

 shea-f are show'i 'in Fig.2;7. '-
   ' Froni th•ese Eigures• `Lhe••EollokTing results were obtaÅ}n-

 ed.. -
                                                  '
          For the dried sheaE, the totaZ power requirements were

 10Wgr t.han for.the green, anud the maximum difference of the power
 between the green'::and dried was l.8 PS'. This' shows triat it was

 easier to thresh the dried than the green•

                            /r          The'rpower requirements of the threshing cyZinder were

 haZf of thop.e for ghe green shepa.. ap.d the inaximum value of them

          The }peweY's of the grain fan, cofiveyers and chaff-dis-

 POSing fan showed t,Pe."igher ratÅ}o fgrr the threEhing ppwer ..

             green rice. This might result from that the flow,than for the
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                                        '          . . I,+Ie;ght of One-sheaf Ck,9 ).
                                           '                                          '  ' Fig. 2--7 ?ower Requiyements p# the Head-feeding Thresher -:ror
                              r                r' tt            Feeding One-shea.E Dried for one week '

  -- 1 -rr]LrL t tt ./ - tl t-.- - t t-' I t-]
rate to the conyeyeF increased bgcause of easy ti hresh of the.

dFi9d ricg .anct .sp.eg.dsvof.fap. did not so decrease as for the

green rlce,
                          ttiii.) Thsceshing of the tvJo sheaves. at in.te, rv41 of,40,Åëm and

   , Cont;ngously .-.,,. -.J ..]
       L,Fig•. ?-8 shows t)e,relqtionships between. Vhe.power. .

reqU:rgmgnts of the eJemepv.s apd the $peed$ for thFesh.ing ..

tWYO Steqyes, at ;'nte'rval.of 4Q. cm and for threshlng conti;iuh.

OUSIy wtth ..feed rpte of ...,. . ...l.5 kg/40. cm• Fpr. thqSe., `
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 `- i'"O 'Lrb-•f.heav'e's Feeding eohtihuotisl?

                        .t                     t .t t.-F. -                                            '                    oÅí ' '1.Jr kg/-4o' crd '
    5..O

    4.0
 t ttt tttt

  A    3.0  t`)
  ts
  -
  .k    20 :pt
  ts
  o  P4"

    z.o

    o.o
    ' ' '76o 'soo' ''tt6o' '"' 'i'' '' "' '' so-e ' o-'o'o' 'i'

                                    ,: -               - ' '--'[': ''• "'J.J'.L . .'. '. ,,:.
     . ... i•?.f?.tLf.L`Lim-g, :-}..eed oS Drivingi,."S'"-a'zF.t ( ;.-:ts". r.-n ). ,. .

                                                  tt   :,ig. 2•-•8 'ho"v:er ],eq,uÅ}r.ett.entus of 4ead•-•Eeed•ing T,hresher :'or

              ... A t t ... t..:. t!. t t.ttl                                                              -           r.eedincr. T/vo--:-.•h.n.aves at Z.ntercvals of 40 cm
         . . ,. . . • 1.-[ -. ... :: ,i,: .' -.           and Eeeding Con-ti;-fia'O' USI):"J.-t :,.i .., ,. , -r

                                                         '
'tw' c case' s,•the'E-eed rate of ri:ee plant were eguaZ .and 40.kglmin,

thdreEdre 'these exp''etiiTine'n' ts might be apptotpriate for the expeti-

merit whi'ch was ptOduced to siraulate the response of the qombine

With the head-feed•ing thre$her.' - ;`- '
        Alth6ugh- the' feed rate oÅí rice•'for "th•esatwo d• ifte-

                                                           J                                'rent feeding' mode Nnt7ere ec.ual, the power requirement for conti-'

nUOus feedihg was•fairly lower tha•n Eor threshung two-sheaves•

The Power• requiremeht- Of the' -thre'$hin-g cylinder Eor -contÅ}nuo• us•

threShing was less than for threshing binded sheaves by l.2 PS

Lat rpaximum(equivalen't to 3o percen'tÅr. This shows that the' p6vJer

requiremeht of the cdmbtY'ne taa}}'increase'if the disaontinuous
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feed ioccurs•. Such diSCOnti•nUeUs'feed may be avoided by' means of
the 'automatic control o•f tihe -feeding 6r trtivellirig speed of the

                       .         The power reguzrements of the head-feeding thresher

were proportional to the rotating speed.
                                                     '
         The reason why the power requirements of the grain and

chaff-disposing fan were relatively high for threshing binded

sheaves might be that the decreas.es of,,the speeds and the

clogging of the straw were a little. '

' The speeds of the prime mover were not scarcely dec-
reased ( about O.8 percent drop ) while threshing. But the speed

of the driving shaft was much lower than the calculated value,

thus the slip between the belts and pulleys was fairXy large.

For threshing binded two-sheaves, when the diameter of the pulley

was small, the power loss reaehed to O.8. ,PS ( 'this was equivalent

E•o 26 percent o# the total power reguirement ). The power loss'

might occur also because the' ineffective work such as accele-

ration of the elements ef the thre$her, which resulted from the

great changes of the speeds of the thre$hing cyl'inder due to the

discontinuous feeding by the binded sheaves and the transpoxta-

tiOn time lag of the load torque, we' re done and the transmission

losses with accelerati6n•and deceldration were great. on the
           Lt-'nNrr--tJLN-Tt--                          'Other hand, for feeding continuous!y, the changes of the speeds

Of the elements were small, then the power Zoss was Zower.

e'') Changes in the power Requirements due to the Feed Rate and

    "Aoisture eontent

i ) Mhe relations between the power requirements and the feed rate

  ' Ebi feeding continuously, trie feed rate of rice .was

                                 t'



varied. -with• changing .the' s•peed'-
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the moistur,e -coptentSi andr.the, s.peeds as .t)e p,ara.meters. rn th.is

figur.e,L., howevqrt.. t'he .Ceed -ra.te- fp, r• the dr;ea ri• ee was. convert-

ed in.t,o .that.for ,Vhe green rige... ,... , ,
 L
      ,.From.this figure, it was found that the average power
                                                tT
reguirernents were proRortional to the. feed rates -This-was
                                            .L
different from the case of the VV.estern-type .small rÅ}ce

com;oine, for whieh the pewer inc=eased more rapidly with the
increase of- the feed ratetr-•-•The reason Eor this• difEerence might'

result'  fromLlihe 'difference oÅí"'th'd feddirtg fuethodi' that is, for

the srnall combin6 'viith the hdad:lreeding-tYpe thresher 6rilyLiche

panicle passed tihrough 'the threshing element ,and ";as threshed,
on the otiher hand f6r the western-type combine the entire oE
                                               '
rice pZapt passed througb it. ,' '
                       '                                                      '                    ,        ln order tozncre.as.e. the operating perfoicmances of the
   'combine, it ptght 6:e necessary either to speed up the qhain

conveyer or to:thicken the'' laYer of the rice-'plant fed Å}nto

the thre fib i. pg e l. grp. ent . m. .The. ., latt gr might . tt,. g. ,,p g. , F. F. .i' ble wi thin the

certain limit svhen the threshing teeth were made longer or

higher. Zn the case of the former, theicircumferential speed

Of the th=eshing 'dyiinder was limited"an'd it would be nece-

Ssary tor' e$ea' rch-the' pitdhes a'ri'd arrangementS o•f the thxeshing

teeth in accotdance'with the speed-tip of the' chain conveyer•

COntrolling t.he u.nifQrro..Eeed rate might be possible ":•Å}th the

SPeed-up oE•tbe qylinder•.or chain .cg.nveyer, bu"t in the .case .

Of the fermer,, the powe.r reguirement i.ncreased as mentioned

                     ,-                    ,L
ii ) [Vhe #elations gE the .posv-er requirements to the rnoisture

                                                              ;    COntent, weight of'the sheaf and the rotating speed
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         For thFestting binded.one-sheaf, the. depgnClence of the
   ttt/t. L' t ltt ttt t. /.. t/ t/ .-. - ..t ../ttpower reguirernents upon the rotating speed of the threshing

cylinde F. ?.\d the weight gfi,biR.ded gne-sheaf ili tbe case where as

                                            '                                            'parameters the weight of the sheaf and the cylinder speed were

   t .t .:t .tl :/. .. ttaken arg showp in Fig. 2'10 (a ) and ( b ), resp'ectivbly.
 /i. N./ - /./ t. t. fi./ . I . I- ' '-       11. i ,...,..: Eeeding Bii]ded one-sheaf .
                                                      Ctflinder
              Greqn Drieq. 9-Feen.., Driecl ltspeed
         --"cr- 2'Oka-'-O--'1.l3kg Å~ ----X-" L-or:Ter
   -4Lo -.-.a4--.'l-;5kq"'-b--O;8' 5kct. A ' L -''-es-- standayd

         . -Cp- - 1 Okg t.'"O. -O ; 57kg--V-. - .cF. -- :.lighey
-••

                                                       t                                    '

-
 .R
l"illi:;il:g:.;i,,,,..,,,,,,,,iii-iillll•-;;-sst:•a .:;;;;t;;;/"•'z!'

                                      --   D O soo't ':•= ,6oo .- '.'••'•;. •i.e- i.s ,-• 2.o Green

             -t                                                '    1 tt ttt tt /ttttt tt      " " ''' " '' ' O.57"' O.85' :.!3 Dried
 ] '' Cy!inde'r'SLoeed' (-rpm) '' '''Tfieight cf One--gl,-e•a-F (kg)

  -n''i-g.'2"XO varfi eltio'-hJs oi''mLnreShing'PoN[:-er' x•:x't:nm'( el ') cylinder

    '- '-- 'speed--an-d (- r) )'/[-'toiSture Content df'Ri'cie

         tt .. tL        The ratio 6f the change in the average power requirement
for thileshthg gr6en iice-to' the cylinder speed was gr'eater than

J. ' 1' t,

that for the dried ricd ( Fig. 2-ZO (a) ) •
  '' The inlitienc6 6f'the i"6ightÅí'6f the sheaf for the green
   ''

rXce to the powdr requiremdnt was grbater than that for the

dried. M'' i'-- - • •- -'  --i -'":'



2.3 power Distributi6n of thb Head-feeding Type smau Rice

                t i t. r-t t' :[tt    Cornbine*** •
    ' ' Rice hasi been"harvbSted in Japan rna"thly with hand

si6kte'and'threshed with stati6nary thresher, sb 'caÅ}led head-

feeding or self-feeding type, and fuestern-tyPe'dombine

thresher was seldom adeepted• Nowadays, approximatelS'3.2

ndlli6n stationary threshers are in use in Jap6n. For the

iabour saving and tuZi meChahization in rice cUit'z'vation,

ordinary'combine used in USA and Europe ha$ been introduced

only ior trialsrg'ince 1960 in'bafoan, howevdr they'were'found

t6 be'to6 large in $ize atid h6avy "fior'SmailJpad'dt y field and

its gtain loss waS higher than 'exPected.'A. sma!1-s'ized and

tightLweight combine with zower gtaih"lbss is, therefere,

d6stsable for the Japanese field conditions. '

        'Head-feeda.6g tYpe 'c6Tnbine '(Jidatsu combine) is a

  'smaZl c' ombine ' thresher of Jelpanese tyPe, which is'bonst-

rueted with thd ttaditional head-'feedihg' type power thresher,
 'motmted' on A the' f=arne t6gether ntth eomPonents of transport-
                                                    -Å}hg) cutting ariaitrav6i"ng. There are Ewo typesr nameiy

walking'' type ana ridinci 'type. -N,ain congtruction of these

combines areh'Ja's f6nowg ( Fig.2-n ):' the cuttin'g device is

Ordinary reciprocating cutter bar of 50 cm width for two rows•

The pick-Up tine'instea'd ot the reeZ is used to pick up '

lodged croPs. T6 convey "the crop 't' o the thresher, lifting

arid trans' po'iti'ig dhairi 'conv6Y"er aie us6dr 'which convey

n6t oniy straw without 'disturbing tihe- he'ad and straw, b'ut

alSO chanSe'' the position of straw to horizOntal rnovement

    "-
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rOady for feeding 'intb theicyMnaer..J', . t.

      ' Head-feeding type thresher is an axial flow type

thresher, of which feeding chain aonveyer parallel' te the

cy!inder axis constraÅ}ns' the -lower•part of straw andtaonveys

str` aw' i' n such a way that the -head part is fed into the thresh-

ing chamber between the cylinder and the concave of crimp

screen. The threshing tooth is ord'inary inverted V-shaped

steel wire. The cleaning device is'the oscillating sieve ntth

suction fan or a winnopgr. ,'I ' ,
                                "         These combines have following advantages; power

uflltnsumptio-nm. is low and the size oE clearling device is smaller

and its working mechanism is s;mpZerr because the main part
of straw does not pdss through the' thyeshing part. ordinary

grain loss of these c6mbines is legs' th"an 3.5 2, damaged

grain 2.l 9o and straw rnixed in grain l.5 g respectiveZy.

Ordinaxy combine with 1.5 m cutting width has in rice harvest-

ing 5.2 9o grain loss, 3.5 9o damaged grain'  and 3.0 g straw

mixed in grain, resp' ec'  tively. on' the eontrary, if the size

pf cornbine becomes larg' e, thickne' st s' 6f straw becomes excess-
ively thiek to ' thresh the head a"nd tb bonvey the straw. The

capaeity of combine isf th6tefoie:, limited under 1 to Z•5 m

cutting width.

         RiceU' cernbine h'as 6rdinaicy track--shoes covered with '

thiek rubber under o.2 kg/cm2 ground contact pressure to make
:it' enable to thatiel over sbft paddy tie'ld.. And also the endiess

tra6k should be ltused. The head-feeding type COmi)ine

MaY be 9.SSi3Ined to hgye a differe'nt power consumption characte•- :
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risti.c,s from ordXnary combine., Thereforet-  it is necessary to

obtaip th•e informatzons"'"op't4di,,-'-o"p'eratin9 perEormances, power

reguirements and the power d-stribution pattern of the indiVzd-"
                        'ual component of the small" rice combine for the design and
further improvement o' f the. •machine.

                      tt.             ..- .       t .. tt-t tt      l ' sidcCtvtchl.eveJ-      i' Grait? CtUtCt,,t.p,L'er      I Ynload.er- ' ' r"OrCUtiettConye),oi'ond7Tts•est
      li ,,,,,.tt.s./,e,./l,,i.1"bitDiSeg`"igO ' ';",':,ft'."G,,n.;' i"

                    .k'Jzi,,,l,llSi.,,/1ts-L-.r"'-,.,'srnyi'`F/'"i`Åqi)i21gi,,,,,,. ,

                 E?.d.le,sfts P,ic'Sf`up7?ne li
                       ia/iidt- idt,.sh'M.t,nReGA'Z;n,S.Cb'L7"eO"VeYO"EH,og,d-esb,tg.s,'XCbttetBbr l

                                                             --.-               '                            L                       '                             '                                       ott        ny         Fig. 2-ll Sectiona! View of.the taead Feeding Corubine
2-3-l prinaipaz.Descripti6h.'ef the'Ek' p6: bihents . I' .:::

     ' iiwQ of smau s(g"eqL-`rsce combi4g.Lof h65Ld'feeopng type

                                        'Yere su?plied by different .manufacturers Eor the exp,erlmentsand

here xn this paL p'' er cailif:.d.the combine A .a,p,dtthe comblne B.

              These eoihbines were meunted wzth endless track

aS its traveUing aev-zce :n order to- decreas/'e, the ground'
             T.                      r/' tt'
Centaet preassure The'combine A was a walking.- gype, while the
CombÅ}ne B was a riding type. The prihcipaZ F.,.E,). g.ff.../7.SiCatiOnS Of

the eornbines used for the experithents are V'shown' in

Table 2.•" ,6,.. The. power transmti ssion .systems of' these" comb-i'i' 'eS

are Shown in Fzg.2-12i Fo' r-bo',th eombÅ}nes,th'e power' WaS tranS- ;

                                     '
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  ""!" Appeli'atiLon. L:

       '    -t -      "'qi.tr}.ii, ..:", .i• .
    tt/     O+Serat'or
 .. Tur,nipgpmode-••1, :' ,.:-,

  ' Fngiiie
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      )laN. ,power
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 ' Speed
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     'Trsvel]iiig speed
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     Clc:nins,, deyice

          //mit' ted to each
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             . . .tU t-" lttt-TT t-ny-- -J-t-fft- -tt. s.s'  OxE , ,1[, •.. .i ., .•. .7oo k, g. .
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            ' -t                ttL -tr .  46o rnm ' 'g6a '. in
  500;nm . .iiz,. 4.82nun .,
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  4ndless lracl. . -.., EndlciF traek

 , O.•l:4-1.30 mr'scc ,. . ,. ,. .O.OSdO.T'-9 tn• iec

  e.40'u)f'see ' 'O.]3LO.S4 m.'sed
  Grain' fnn t Itcvips ocating. sieyc-
 t- /-L---T'"e -"- 7- "tt v Pl t -- tt t..m " Lrl T-rNpfitny---t - .; t

                      t tr                  .t t     mainly by the V-"belts and

            .)      speed reducer system fgr,.
     t.t .-. . .-.:Ar'-- "
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      i' t r;. ''. =" :L" '' ' it ''::, '1 " l ;1,.t 't' ''i', '
      '` L' F'6t' thel. Lc.o, ij.6ip..Je ' A, ,-.'ip. ..ordex, .#,p .de.tetmin• e the power

dzstributibn to indiv/r,dual compon6h. p. atid to eaFirpate the power

         'lesst the,torctUeS aPd' •Fzpgeds ef the'''p'hafts oE 9he,'fuhctional

components, such as Phe ,threshing cylinderr conveying chains and
screwsi cy.tter-baM a414,,traveiiing shaEts, were rneasuxed. For

the combirle Br the tdrqu.es and speeds oS the sh4Ets of the

cpiTtEt,O"9,I.l.,.tS ill,.hl,,.Ci} F9,9.P`?,nd9d ]T,ei,a.tiveiy cl./. ...ax\ to t]?,g.. fi!iietif}-

g,}ing fe.ed. .ra.i .e /t7ere measured. The ,.rpeqsurceq points of abQ,ve-

mentioRgq. Y.Org,Uep-,gpd L.sny.eeds ,,are shown ig.Y, ig.,:.2.:l2 (a). 4.nd

(b) by the syrr[bols x and. O, respectively.

      -".vehe experimentis Eer.,.the Åëornbines A and B were conduct-

              t.          ,,,-, ,,-ea.frorrL Noverr[iger 8 to 21, l96,7 and Erom October 1 to'"15, 1968.

              'The zr,ice field eonditions are s.I.l.own in Tabla 2-7.

  '     Table'2'-7 Conditions 'of Rice Plant

tt t +r: J't J: ' "- t [' tH

              r.-l-. --mmL
 .lst'•AK.-NTE-SIIIN'SE-NBO.N

' - Transplanting-
Grain 33 lde , Stra"- 67 %
•Grain ' IS'  9"eeg, Siriw 6s.3%'

   O.65kglrn!rosv

For th.e, conibing. A• l Fo; ihe -'ombineB

   1.arietv of rice
      '                 `        tF L  ' Plantin'g' eondltioti .- .'! •-
   Crain-straw rhtio 1
' .i "1 ,- .M o.1 st ti reh.conlen t- ' ''

 ,1, PIE2,il]i]ngdensity 1.-thM

    .."IA.N'RE O

   Transplanting
Grain '31%, Straw 70%
GTain 94.9 % 'St raw t3 O ta"

          J.   O.61 ttg/in, rew

      tl ttt tt-: t' tt tt / t t           ,    . ...The eJkpeximent$TfQr. th.e hcompi- ne.A -wexe 6enducted in•

Order #o d}scuss the statzonary charactexistics oi the cotnbzne

Undett the Qrdinary operating conditxons. The txavellhng and
  '
aUtt'ing conditions ofi the ihdividuaZ experiment are shewn in

Table 2-8'.-

        twhe exPenrnetits for the thresh'ipg devieer which i's the
most imp.ot'iantlaevice oi- th6 combine, weye'conducted in erctex

   .:, ., .. .,: r'L ."L. ':" ., .. ''
'-t
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       eTaip1.,e,. {,.-"8,. 9.i?er..4t:i?.g COnditlgns for the comb,-ne A

                         /tnt /' J-"-rfT J.r.T-- -N- L.Lt--[N
r :" -{L!I.'

l'pLs•jll:llcl[:1 ',.ti,: .-.2•E..•.,..-r-,!-'rnt....HrL'VEtt'?--g. ..-fiey.f-d.-: - - .

       1 O.405•m 'see
J, " ,J. -)' A. L' . .i 'f•Lt -i. .•' Oi, 612 mtsee , ''

      •t{ O. 39S m'.c e'e
"J E" •:•"'.1.. 1. :- •, '{`' ,t ,LO;598 nyL .sqe 1. '

       5 Oo26 m-see  ..T ;•.. -6 :•' /,; •:.rl]-':; ,. O.436'thsÅëee

             !       7 - O:622- in cee
   'I' Iii 8i .; '' ,' 'I '.' :O.'433'm,`,see'

             J       9 • 0620m :see

Cvttinl .g ,"'idtb

--'""''-A-ni' tt6'.:'-.

,J , 2rois$
     -i r9,Y'

   ' lrow •
     2TowE
   s lrow
     1 row
    .2 r.o,"`s'

     2•• rows

           rate
       31..4 Lg hiin
-• , ,. -= . 47.3kg mi'ti.

       ]5/.5'kg min
       23 2,kg ':ni.ti'.

       40;8kg snin
       l6.9'k. min
       .2g'.]kg min'
   • 3. 42'kg -ntm
' 4B:Okg imn

     Expenments

.Feed

to ,dzscuss tihe dynarnic eha:acteristics cylindex.
The conditions for. Ehese 'ekperiments" 2-g.

      Tab2e 2•-•9'ConditienS oE 'the [Ilhreshing iorc

                the Combine B
     -rtT" T't /. /r t--F tp-- -' -'t A--]P -#-'+w' =-H ' 'J-"-LJ- Ht "- :-t----- Lt .-r --- t --4-"tÅ}- i. tt r
 . -•- T'9f•-I4t.',C-U-;1'J'9IL"•-t- -lr"rn'ir•'•`--"i:il18'-i.tAtli//,ri-T-rTmni--21`r,-:`=g-,SPe"g',bO-i'k"Lti(!"F-'v'"". r .

:''  .. ''. H, -:: •:,'B •' '.i c', r,.]OO:.O k.g(,:niri*., .,r l ', . -.376,;pm ., .. .,
''  --"" ------------C--.- -.L.....---"IL."".- .' -J I ' 393'li)m , ''

t"  'J *: Riue p]fint •w"s fed :more deepl) b}- .ariprosimately lo alil ti`iUnMttte-"II-.x'-, •.,,T]:;:T;:Tt' '.;Jl'Il: '- T. :'• 1':

 . /tF- ;/-t'-- tt /'t t t t L 'A .tttrtt ;t e L. tt ttt/
                                                          'L. /t
. - ,Xn ordeT to discuss the rqsponse oi the Åëembine not only

t9,thg..qsd..".p.ary opexation lpIaF. qlso tg..the extraoxdin.ary fluc,t,ua- '

 --tiOn g.g-. V,e,, #eed .xater #hg experime.nts for the combine B were
   i
COnducted,,..,eqhe cpnditions foF these experiments are showp in.

                                                             'tL.a.bZe 2-IP.. Table 2-iO Operating Condikions for the Combine B

2-3-2

  E-ul,,Ne,rSitcp,!r Li• Trl}s{:Liding

   t•• --l •i o. 4i mltsee

   , • -g -' I o 6o .X,l !sec

       '         :,     4 'i O•'20mttsec

 .-. Tt. t -t. "'  '"  ;'  '5' +" l' e
    "
,[. :•T . 6.• ... -,'• • ti
         -     t lt 1'i;.• •,, :•8 --• '' ,,
        t ttr-x-•-  '

EXp,,le.rilqental ,

           -nTn--t-----titiul4LLLL!= rft -.t.----

               i Cuttin." "'idth . 1)lanling mode

                   -- t' ti               1 "-N--.F-,               i. Irbsst l•, , .U•'i iforln' .I 1"V6-kg/qiin • ./'

               I 2ress's i tx •: 29.3'kg!mm ,
               l t' 1 .' ", - :' •.. 47 5-Xg(m,:,n :.
               I, t• lstep(Doub:e) g-giglg•,//t:l:[E'L:•it.,i'me,)

               l. t• 'step(Tripie) k'?.g"IS.2il'l:[Åí5I'tSrigia{'f5

               , ',, FLe-crangle l(Nt'aVe length' IL2ih)*
               ' )x ReeT:ngle (ilX'a.i`e length l.6t'n)*
     -L-.--h"-th--.mi---- N f'[ - .-....-..- Rectan.trle (Wave ldngth' 3.2 m)*

eXverage plunting densiiy ts-aF 2.4kg m andi ampliit di'i -ot"ir p-]antiiig densitl;- J•ilasri.o.1`4 L. m. --

                    .L                                   '                                H              '          Res-uXts and [rheir Discussiorls
                     . ;L -,,-. i•,.

'Fgea rate

gl
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         ,The •operatzng pexEormancespf the c6tL'-lne. A -for three-
                          L ,,!              - .1'  different speeds ef the threshing cylznder are shown in Table
                          '  2--u. A,s-the' speed bf / he cyiinder zncreak.ed, lhe unthreshed

  grain decreasedri,{.l',h6Wever, th"e husked rig.e"'whigh- tiould be

  considebed as gyaÅ}n• loss in the drYzng processd increased.

        tt       '9.Pl.9...i;-Zi,..ii.3/L.lg"g;.:$2.x'.r,ia:.x:s.A9.,f,a,,}he'hreshing .

              .1 ny/                  '''t t :t /tFt
        .r.t. 1'"-REe.di-9.f-El'!1)g,?f,-r- 'ReLi2.0-fLt!Lv.•t•tke9T,ni7e..-"."L/•- Ratio-efvntiireil.l:ie-d head.m-.

              -g6o rpm . I , o.?fel6, . . s.o-6.o%
              i;o4rpm ' : e.2ldOo : 5.o--6,o%                   ': t' '        .r•.... L"3`i ?i.".um-.hri-.r-.-.--:d---l:::-?fi'i?t9Ll.. ... rm-.,.-...-.- '•-;: 3'.O"LE:OtYr..-... . .

                          '         Tt,,e' p6wer distributions to indivi-aual cornponent of the

 combin'e' A !and'i B. pre sbown m Fig. 2-13 (a) and (b), xespec-

 tively.Foi the comp, ine. B, the powerr-o.E the engine couXd not '

 .be measuxed due to its construct-onr therefore, the power Zoss
-

 'was es9imated. The characterxsties of the power di$tributzen

.g.9.'bg.l:•.g•;ie•l:•2,,9".1.fi-,.1.I,g,h.2,fi,el,ll],S,gg.S..g./L.g..,l.:,w.::i,,.p,e.,.di/fc,y.ssfdfn

  .tJ.t
         The potvex' for;-tÅ}[i Velling occupied 30-35 pereent of the

. ehgih"i '  ipoWet f6tc'J the " cdinbÅ}he A' , afid' 30 -' fobreeht' for ' 'the'-' comb ine

 B'• •Fot;'Efie'-weSEExn-typeLrice'c6mbin6'"with''{the hti'"Zf:-"traekr ' '"'

 hObeevdTr the pomer 'for traveliing oe6'upidd- 2'O percieHnt of the

 'engine pothdrf ttLdep;enas•L6n•)-thb sozl''dohd"t-op; Smiil"'englhe ':'

   ' p6wet' 'C6thPa'i -ed•to. r'total- boay'iwezght'asi well as ifS'eons'eru6tion.

 Th erefore , i't•• i's nd ic ess ary v to irnp rofe : t' he trave llln:g" ' deVz c6 mth

 the'enalesgi=ttack''fo`r''s'm'atltdr eothbnie'i• TheLdeta`xlS:tabbdt the-"

 t'r avellibgispower i• wul"'be' aiSeu'sSea ih- cfi fipte tt ' '4 ; ' ''' -' ' ' '" `

                                                                  s  '   t Ltt   ''" " E.Or: the. corpbtr,ne-A,, t-he- poweac for-t•hreshing occupied• ;''
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             J'ra;'t-ttins b'i)ced 23,:? rt]/n;:`,;
             i'eed RaJLe t)'rt' .::y,•lv;i,)

                     ":IJP L i v- t:j 2-fr •'.)
              a3 hp ;2flÅqli a6ns cJfsfS)

                  ÅqCr)i.i•l.1'l['lil'1:')

                     s: : ., o.21:p) (.i .a .e.• )

J. iuL. LOi;; :- VOt'
  fsy,.:.-,..JsVi ;• O.SLp(7, .= ;":')

,Illliii,'1.iiiSll'i/Li', tt"',.l{,lil.'i.`,L,lilil,)

'-' tt- - ':'"//]Nii,5'l-9•,tttg'l.lll"U"L-'- 't -=.e.:tr"ai•ec' y"etue

'i':Tt". t:L'.h;:,f'ic r'-.

           ',-!'"'.C:i.;:i:, S-".E:=o' .P.-:.G ,rni'tt)fn
'r  t/: ,+Lv:." .=it•c' -'•',::e t?.Skolmin

o. 7 ,':o

                     C.3i)D
..-' •-:e',"..J'.::.:e C J
'l.Y'1, ;-vi:::cr' 3e'D[ill([[211.c /1-.i,111'/!D '

 tt2hp
 h -i- Pt i-,' f- :JP
 .7b ..o . ,

  J'-.,' '7 LOSS
 C. .P •:D

T,;':s :o•r:i:i:7e S

           to !ndwidual Component of tl".•

A and B

' power, while Eor the combine B, it

the feed rate increased, and occupied 30

 power. The reason for this phenomenon

           of the major specifieations, size

   threshing components between two combines.

fact that the threshing power occupied lower

  ' of the smaU rÅ}ce combine of head-

    ' with the Western-type combines,in

                                             ,
     occupied 50 percent of the engine power.
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Thzs great d:fference of thresiiing. power betwe'en two 'types of

combme was duel-V.d the sybseahtial -differenae of the threshing
                                 'method. That is"' ; f6x the wesc..ern.-type `'c6mbih'6s, rice piant
                 tt                             .e               " t//L t tflows into the S.hgeShi-n.g 'device altogethex including straw, so

that the power to des.groy ,Str'aw••hay occupy higher propQrtion
                              -
in adaztJon to thxesbing. .E,oE the Srfiall )r•zce coTnbine oE head
feeding typer howevex,I"o4y. ehe 4.ead, whzch Å}s the only part

reguired for threshing 9rq.i ns, fiows'` into the threshing device

so that the power t6 destF,.oy suraw ig domparatively lowex.

                              L     . The power los's-'"4.l•l..be di"$'duSsed only ior the combine

                                        'A The power Zoss o.ccmb.ied 24 pereent oE the engine power.
considexing the power'6f thg umhe6S'Urabie•,..parts, the power

                          '                   trloss might reaah 30 ?glxcent. Thig higher power loss mzght be

due eo the power tranS.mx' FF.ion s\p.F.em which consisted of the V-

belts and roller chains]. ' T. Iie sl-iP between V-beZt and pulZey

or improper -lvlprieaC•zon of.,fl.heE rq.11gr..gh.a. ips:, icaused .the ,deqxease
                                                            t.
oE the powe:f transmission efficiency. As rnentioned later',
                                    ' "Lr                      l-
eopsidering thg .lower efficiency gS.-.,#he g.pd;efi,.s ,Craek and Vhe

sprocket•, the total effici,e.pqy ,.p. f it..h. e• .ppWe.r. ,.. tran.smi,ssiop o.C-. • "

the smalZ c.o.mb.z:i4e ptgh.,t be gl,rr IQwt'•,v47gp,e•,,•,• 4kely,less -th.rap 1,"

50 pergen.t T.h.,..e,,x-e.fqre,.-.,-;g., s,pecq,s. s.ptr,y;.,to:-fi,.,tudy. t.h. e ipow.e;, - , ••:

tran$mtssion. .s.y$.ite.m,-[frp. t., q:,p.p..;h4C,..o,f. vxew....o# Y.]he,- effecti.v.e •,a",.. -

UtiZiZatiOP. Of;, Ch.e ee ngineh.:PQW. er..•--••. ,-. ' -.;. =: .. •r•..'r '•. 'nL '" :.

     -. , ,:. F.or io,pth.--,-$:rpp,.ll-..,,r, li c,. e: combi•,n,e. .S.. o.fi. .rheapt.i; f,ee,q.,.l,.4g-r '.-Y.Y.pe,-::it' t.he

riCe. pSan,.•V. w. 4s,..,, fe.,-d. . ,,be.t. ,w,e. en .t.h. e ,.g.h. ai. Jns,. a.•pa.. z .h.-e. :-gu.il.de, r-gi,1$ri.,•S.O

the feed rqit. g,,was .1•imiYe.d, ,p.t:.qbQu. t .50 kg/pain, •,,T,tp.: r•.el.q.J iOnS-•...

betWeen Y,beL,fee9 -;,tg..,err,ana the .m..,e.4,n. pg.w.es. ..r.eguixepaent. fQ.r.Jth.e..i

COI!O)in.e A. and B are -shp, wn in-Fig.2::a4 '.Åqa) and:(b)-', -=bsNp'"ectivel-Y .

'
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           Fig. 2•-l4 Relations between the Feed Rate and the

                     Mean Power Reguirernelnt

 , Threshing poweT oi the combine A showed the maximum value
  ,
of O.8 PS, and of the combine B of e.5 PS. This
diffierence of the threshing poWer- might be due to the Eact that

the moisture contents of gxain and straw for the eombine A were
hzghei bY 6 and 5 percent respectively, a$ shown in [Pable 2--17t '

than for the combine A, and the speed of cylinder •of the- c.ombine

B,Was l.3 times Easter than A. rn Fig., 2-14 (c), the threshing

PO'Wer of the Western type rice conibine is shown as a comparison.

FrOrn this figure, the thrce'shipg power ef the srnall coMbine may be

Censidered to be iairly low. powers req•uired #or cutt•ing apd'

Pi-qking up ef the eombine A were higher than those of the combine
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B. ThzS dZffereP99,,trptrgll,1,. lj,g,,.g,.,auped by the dzfferene.e between

the transmiss,lgn, ,.,gf:,f.,S,,c,.ig.e,,ci//, IS, of, i.."e co;nbipg.,,,?.,: ...TI ,a,.,F, x.f, the

unzversal jO-nt .WaS.. U.Se.,.d...,tlP,.S.h9 copt.?z.n.e 4 whx,c,.I. wa,p.,,not used

in the combine B apd theL power tiansmission sÅrrstems whzch -
censisted of see'e'' i'  Iga'x' F,f i,l:L..g the pee`eii''6eatl'wer,,"li'u.s. ie".ailii/7p.,ii'Y.'hel

.combine A, so.that t]lf p.o,"y.,ie. r transmls-s.ion eff-ciengy g,F.,l..,he '"

cutting and piekzng up. d.:gvices ..o. f the eombzne Ai,rp."ght be.,

deereased• The pOwg.r scequ+.F,el,glFS 9E opg Oicher..COMP.u9,I.,l,-,ntS

were of low value of ,approximately O.5 pS.



  -;I}.i' .• D •'1' ':["''"' ' "itl:' :;•'•:lt- ';/'le 1' '''. ..,. ;.L:'r ..,r•.;,.;-r:z [' ;. ' .:•43

 2-4.concluS3ops.ot, .Phis chapter

   . . .T ,, COM]P,"neS .P95.$e9, ,."4..9.i.-99.M.PliC9teq,.M. ,.9C,.-h9,P"S,tl.P,..apqi.. ,... .i.

 ch'i rac te.ristics, pg V,lp g. ..R,, g,yra-! .rpq.u l,g, g.ments • G,rg, l,n lg.fi sgs t . vor.g, u. .,,g E, : .

 anq,.,rp.?ating speqds.at eaeh. g.leTp.ent of the g,rn,..all.,.,scic,e. combines

 and,t,U.,e .Chrqshqr oi,,,he.,gd:,,gg,eq.lng,.ty.pe ,,w,e.r,,e, rp.ea,sgF.e.q g,n,g,,,t,Pg, ..,,.

 cottpqptson gf the..,.d#, ierenges in fun.c,,.#IO.nS.Pet.w.eeP..S.k,,e..-5in9.,..,., . -

 machineacywerg. investigatea•.Espec.riallytLn this chapteag .t-he po.wer
      '.,.; .l., ,':: ..' '- :. ,- ..-. .- , 1-..
 regui{,ements and the pgiw.ex dist,4.bu.Vg.,.p.s tg. ,.ea{4. "S,uevn,igtiopal element

 were discg,.ps.ed #.o•g the indiYi.qu.,al,L,rpa9I,,iP•e.v,,..,,.,-,,,:•.-{•,. -]":.• •;- -. - -, :;•.

  . ...,,, ,t•t ,, -.AS,. 9 F•eSUI•t,,9.f.k,,h. 9tttt- .e;pg,4,.rp.e..p..ts,,.g,p,gL ..di,F,,,qug,si,g,.n..F,{,,V,be

 fgll,Qwip,.gs.wqre.pbtained• FoT,,g,4g..EAYesS,..ern,-ty.p.e. E.mg4Z 4.gg .
  -t
                ' 90-mb'7iP;tt'r ,L •... ., ' ':' J' •/, •,"'r • r;.' ..L?i. '. f:• ":[ :•': ', L'- L•.. ,. "

 l). Th.e .graÅ}n lg-ss wg,.g. 4•5 g.eg..gen9. wgg,p,,op.g.. gp,,e..{.,,.at.l.Pg.. C9.Pq,itiO#

 was g.gg.q,t ig.u,.t ,i,n -c..gsg. ..g.#, ,t,.a.ry.e,s-1.iR.,g..,,..V#g.,1,o,,vdged-.,r.ig.,e,,.,.,p,lg.n-S. Sbe .

 grain loss amouqted ,tg .2Q.q percent..The .gi ea.t- e.y p.art. of .this
      '            '                               - gncai.p,.,.less w4s. 9.b.,e, .,cy.,l.in.qer .gnd p,P.r..aw irg,c4. ...lg,.s, S (..,.gs.pe.,-qi9,l,}y

 Pipe.M9.E,t,, .P.9.rt,,9.f th9•.9,YLi.n,,q9g,, .ITPS.fi. ,.,ty.aE.,:,,,g.g,u,.s.e, q. by the unripened grains.

••2) The powe.r rgguirerpe",V..s,, q.1-,],E.,h.,1,,s gpmpzl,q,g",-w.g,,re. ,.cl.og,ely rela.tJ,e-d

 with.the. fggqrraS,e tt,,C thg,,.-,riq.e. .p.la4..V, to be thres..4Lgd,.!.,.V.hat -isf...

 power, xe,qqi.repg,.p,t wa,s,, 2.6,.!,5IP...fi. wb.gp. .th.e.,•,,Eeeq ri,,e..,w.,.as ,8-5!l kglMi4

 and.l,3.5 pS .when 49.k,g,IM.l,t;.,•.,... ., ,- p--. ,--rh .-it :;:: ••:.''i-L ' "

                                                              '                              ' 3) The ,charg,,c.g,eF,iE.,tig.s,,,pE,,S4,e. Ig,,q,d..a.g. g..ag,b...,elg,Fent.,, NY9;e

 di ff 9r q. P. Y. pe.h.a V: :i..F.f ,.,z: r ,. f. --•: 1, ., ,- 1• •- • -.• ":i- ;t .L: +,= •-r, -• .• :• . '"' 'rJ :' '•` •- '

  a) T.h.9.P.9wgF..,at the...threshing cYlinder was rnost closely ''"

 relate.d. wit.h.. t.he f..e.e-.q...F,g,,.te,.:, IV,.w,,g.s,.-.•.6,tt,.,.S.,, qn .t.hg aVeX,ag..e. 1i49n

 tbe feed rat.g....,: g.,s,..,,ep. •1,.#.,.,gtt.min.,.,.ap.q...4.•,Z.,,Pfi,..wts.9P...,,4,9.,.kglt:.,tL-iP,.T•, • •r

  b). The gytter-bar power did not vary widely depending on the
            .. .... .. .,X,1 .:. d:,',, ,.. ..: .. .......:,T l
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  opqrating condi.Yions 4nd its. velue through .thdiq experiments :wa.s...

  s'mall, abOUt l.O, PS• . ' - •,, .•- r. .
   c) Because of the Zow trravelling velocities through the exppri-

 rnents, the rp9Xi,rpUrg..Y;..9V9;1}lng.velociPy w.as, O•32 m/see, the travel-

  ling ?ower were srpallt that is. irorn 4..Of pS tp. 8..O ps.. ,,.

  4) The forces acting on the concave through the rice plant by the

  threshing cylip.der increase.d..at inte,rya.ls pf .t.he un,even Clow oE

 rice plant fed inYo the. thre,shing roQm. qence, the.!oyqpe at the

 threshing cylinqer s"afti -aZ,$g $howed the ntde fluctuation.

          The small colnbt;ne, witth Yhe head-f.eedipg thrqsher, which

 has the c4ain copveyor .to. .feed..the straw alopg.Vhe th#eshing

 cylinqer.axis and of which cylinder teeth beat only the ear

 part of the strawf has.,papy featurer rn order to.make clear- the

 threshing #uncti,on,-of Yhe small cornbine of this type, the power

 reguirement$ of the head-Eeeding.Vlresher,. wh.z'ch copst#utes tbe

 conve\ing, threshin.g,. cl.gaping anq, ymloadi.ng elements .of the

 combinq, weFe measgFed .qnq She ,E,ollow.ip, .g power Fequirements

 chaxacte.xi.s.t.ies of the.thres.he.r were optaineqri..- .- - . ..
                   '' 1) Observing,the cylinde: r,torgue Eluctuation when binded one-.
       t- tJ-t-- J t .t sheaf was fed, it wqs Eound that the threshÅ}ng fiunc-
             ' tiOn was garrie9. ,ouY f.o.r. ,tbe f.:'r.s,t half of tbe cylinder length.

 2) Tbe threshipg power Fequirement for the -cpntinuous feeding was

 about 7P perge"nt of ,thg power gor. the s.h. eaf .feed;pg. r.t y"as

 favoprab!e,gp. Seeq continupgsly .a.nd.unÅ}f.,onnly •#o# tlien cornbine

 Oi head--Eeeding .type. ,.... . -,.."i.:. i'• .' '-'

 3) 1then binded one-sheaf of green rice was fed, the threshing

 CYIinder power reguirernent was relatively high. rt rated to 60

 Percent oi the total power input• ,
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4) The power loss was cons'jdetab.ly high, because oÅí the siippage

between the V-belts and pulleys oÅí.the power 'transmission system.

s) The power requirement oi the threshing cylinder foF the dried

rice was about 50 percent of that for the green rice.

6) The relationships 'between the Eeed rat.e and the. powey require-

rnents: were quasi-linear for bo- th dried and green nce. .

7) For threshing oi the.binded one-sheaf of green rice, the thresh--

ing power increased more largely with theincrease of.the sheai

weight than of the dried rÅ}ce•;• , . •
         The characteristics oE the power requirenents of the

combine oE head-feeding type are concluded as follows. .

1) The operating perforrnance was fairly good, that is, grain loss

was below 6 percentr but for the We$tern-type small rice combine

it was 10 percent or more.' 1. :.' s... .• , -
2) The power for thre$hing occupied from ZO to 30 percent efi the

engine power, but the threshing.powetLofi the Western-type small

riee combine occupied 50 percent of•.the•engine power. Thisi diffe-

rence of threshing power was due to the dÅ}fference of -the threshing

                                .method and the lower threshing power is '.one of the rnerits of the

head-feeding type combih'e. :.' .. •',
3) Power loss showed considerablly high value.

4) The power reqUirement for' travelZing oectipied the higher

Proportion, that i'S}•'from•'30 to 35 percent of the engine power,

however, foi the we'sti'dr'ri-type ri'ce'ctimbine w-ith a halE-track,the

POWer for travelling' OccuPied •20 percgnt ef •the engine poweic•

                              -

                                                                '



                                                              46

               •- '' "• •CHAPTER 3 -• -• -' !• •- • - •i• J•.••-

         Dynamic CharactLeri'stics of theLCornbihe•J)eads'

                         'r. •;' '' , '' , ..;

         In the precedingr 'chaPter, tihe poweri'distr'ibUtion -"

patterns tb each functional:- eleinent of'the 'cernbines']•ahd' th'e

thresherr and the relationships between'thO'aVerage poweic•'

requirements and 'the-feed Tate:o•f rice:' pianV ted•-eo-''thei J-•'•--•

cQmbine and thresher were dÅ}scus'seJd. 'HbWeVe"r,''' the:ehatr'adte---'-

ristic-s $uch as the amplitude arid•-t•he xel ati-Ve EreqUehcy- ,'-'

distributin of the': fluctUat' ing' torqU7e's"Åëau-$ed by'•the" •F tneehani-''

cai• vibratÅ}on of the cornbine:'elements ana;the'un6ven•"f!ow-'of

rice- plant fed into the combine could noE be'•Clarifi ed ;: -- ':• • - ,- : " - •ti

         !n'this chapter,-the dynarnie-'eharactgtisEÅ}c$ sudh:as'i

the amplitude of the fluctuating.torque•bY heans'oirthe-above-

mentioned relative frequeney distribUtien cUrveS', the frequency

domain• characteristics of •the fltiaEination''-ofi the- torque• by ' 'J

means of power•spectxal]density and the time dOinain -characte-

ristics of thd trend'-by•rneans of the rnoVihg average'-method'L

from-the view point of developement of a combine such as an

automatic cont rol 'o •f harVest ing. '' ' -- •" Z - - "" '

                  -3-1 Dynamic charact6ristÅ}cs'of the'Lzoads of 'th'e western-type

   Small Rice Combine * t**

      7 rn order/:-to'find •theLsMoothed-ftlUctuatiori •of the i

tOrgue reCorded' under a•ce#tain ope;atin9 eonditionr the. method

Of MOVing average-was taken,;tha-t is,the vetty-minute Åíluetuation

Were filtered out.[Thussthe trend •oftfZuctuating •torque could

be Shown. ,, -•,.- .,,r ': .'' :r,.;r '
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         Besides, ,.Sor,the purpose of discussing the characte-

ristics of .flugtuagon.i.nc4uding the.ver\ m.inute Ily. gtgations .

of t,h,e tgrqugSr..the relativ.g, freguency dis.tribuFion curves,for

tpe whole FgcoFds of, the tgrqugs were ol?tained an.d,,.tr}e,.a!rtl?litudes

and,.other Statistic characteristic$ were revealed. Mhis method

 ony ..Fhe re,latiy,e frequgncy distributio.n curves can sufficient-

ly represe.nt V.he qh.aracteristics with tke mean{ median,, modg and

range. HenCer ip order tg d.z'scuss more sufficiently .tng,.flpctp--
 'atiop of 9he,torquesr the relgtiye frequency d;s.tributi.on,cu=ves
                                                   'of th.e origin.al recgrd,s .Qi V"he flpetua.ting torgu. es .correspond-

ipg to.the neighbours of ,thq m.a.xi.mum and ptnptttym yglugs oE the

SmootheCl, guFves of the t.oFqueg }vere,. .optaineq and t`hq d#fqrep"

ces between t.hese distribut"on curyes,- that l,s, .t.he :,nQnstationaryl '

dynapt.g chqracteristics -of,the,f!uc.tuatlp.g tor.ques, puer.e -qiscussed.

                    '                                                              '    .. In ,ga.se of di.scuss.ip.g t.he p..e4gds gf,,t.he..fluq!uaJtipnst

the autocorrelationL Eunctions. or gorre,log.ra`ms and power spqqtra!
densitles are usuauy us,eq.i).'2)ij)r4), but in thi.s seg.tx'on.these

tec.hnigues. were not adopteq since the. Ion.g.e,r pg, "pds .gf .the ., ,.

fiu
gt.u.ation ofi the toFqTle covJld bg feund by ,e#.e g!oving ayerage .

            p t -/L .t I. '.t '- tt .t - - t.t 't  , The#e ar.e rna.p.y .me,tho.ds,, for. cpymtVng .frequenciefi iE a

qistribution curve5), the fonowing two m6thbds were adopted in
  '                                        -- - Te"                                          t -t :-t/this section.
              '                                            '                 ] t -. / ztt tt .-i). When a Eluctuating torque passes through the elass limit
             •'Z .- ' '`"tOrques at..th,e lgvel Tl, 112, ...,. Tn, which were .set.up. in

                         tL                               '                                          'adVancef C,r. g,2.r v,r fn titnes. respectivelyt the frequ6.n' cy Hk

Of the torque Tk is given by the following equation.

            Hk = ( fik/ jg.1 fk ) x .Ioo ( pergei t) .1 ,.. '



,
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         for k='1, 2,'"' ";i'n '' -' -- "-t fi
    - 'F6r exarnple, theL balculating results of sUch the tluctu-

ating: 'torojue as shown ih Fitf.3-1 iS giVen''i'i-the r'i'gi 't4""coluinri '

in ' this fÅ}gdr'e; !n''thii$'S6ctiori the' numbe'r''of""the classe' s ofJ

tbrqties n are from 7 to 30. ztnd hereaftet'thig'ii'ethor d' wiu 6e

caued {ihe A-rn'etho'd']'( Amplitude mbthod' )'L''' '

ii ) [vhe ten-levbi s' oE'the torgues are s6t up' at'thC value of"

teor Tlr ••••r !rg' thiough divi"d''ing equallSi the' range' of the fluc-

tuation of the torgue vrith' the aid oE the helieal' potentio- -

meters ofi the analo9 data''Pfoee'sising Sysfemi. Ana 'ustng the

oscUlogram tracer, A-D eonijertor,' compara'teri '' logie circuit

and tm'  agnetic countet bf this' data pr6ce$Sing'' System' the' tialUes of

the' tdrgue are saml)lea' at thb 'eonsiEant''titnd -intbrval'AVo'uE of

the 6rÅ}ginal oscillogram re6ords,'to which class do these sampled

  values belong is d'etdrmin6d ahditheLfrbguenicies ok' tfe'torques

belonljing to each class ate count6d With"tehe 'magnetic coinnte=

( see'  Fig.3"l ). In this" sbction the'  sarnPling interval At' i$- r

115000 see• Becausd the pdriodi icequir' edJ fot' a' comp!eEe"rotation

of the threshingicYlinaer-was abeut '• 1)iS sec'ahd the minimum

period of the' fluctuatioh of the"engine totgue'was about"1.5/500

Sect therefore- the time intetval for sampling was short enough.
The charaeteristic.v.ptnde of the" elasls. was '12( [rn + O?n+1 ) fOr

n =o, i, ..., s;.[tT'na''ri6iea'fL E.dr t-his method for counting Erequen-

cies will be calleq. ltbe s-rneth6'd (.l.step method ).

               '''- t       The expg.Firrlenttil cgndit'Sons vig, re given in 2-1-1.

3'lh-l Arnplitude ofLN'uethatin'g Torque of Each Functional
                           e-                                 '

                                                                .       For Test,3{.whe4 gb,e Cqed r4tie.tga.s.,rpaximum of all
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experirnents, in Order to.find the range of the fluctuation of the
                        tttorques including th,e'minut,e flugtuation such a$ the tortional
                    'vibratÅ}on of the shaftt 'the relatiy, e freguency distribution curves
                         t.                   'of the torques of.: the engine, threshing cylinder and travelXing
                     'counter shaft for 6.6'seeonds we=e-obtained with the A-method,
                   '                                'as shown in Fig• 3-2• It waS rdvealed that the torques of the
                                                    'threshing Cylinder shaft fluctuated widelY,'but at the engine and'

travelling counter shaft did hot so widely and'their distributions

were approxirpately norrqal. Nainely, the maximum value of

the threshingl cylinder torque was five times as much as its

rnode and the maximuns•of the engine and travelling torque was

about two or three tÅ}mes as-ipuch a$ their modes. Thus, it was a

very peculiar and unigue phenomenon that only the threshÅ}ng

cylinder torque fluctuated.over a wide range.

         Simiiarly to Test 3, in order to discuss the details of

the fluctuation of the tiorques and to Eind otit the nonstationary

characteristics of'the fZudtuating torquesi the relative frequency

distribution curves were obtained uith A-rdeth6d fori the4Part'at

which the threshing cylipder torque gave a lower Val'u"e ' ( A ),

the'  part at which the cyZinder t6rque' inc2ieased (- B ) arid

decreased and gave a Jow value once more (C ).
                   yith 31::X:ad: fiNteneies'
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   • compared theser two •q. roupes ofzthe cUrves,'it was

noticed that there waS a fairlY•large,difference' of the shapes

between distributiOn•cur"es ThiS was due to'the Eact that with-

the'A-method the time required for the fluctuatingi.tprque to

pass the adjacent level value after passing a certain level

value was not considered'bu•t onlyÅ}he amplitudes• of.'fluctuation

were considered for'.calculating freguencies,.however with.the•

s-method the.frequencies of t•he sampledÅ}orcques .belonging to a

certain range increased in proportion.to.the time required-

for passing this range. :n.both figures obtaanedorwith the

difEerent two rnethods, however, the tendencies- of.shifting,` :

which was caused.by.the nonstatÅ}onarycharaeteristics of-the'

fluctuations of the torque, of the relative frequency distri"

bution eurves corresponding to each part of the oscUlograrn

were sLmi.Lar. Namely,• . ',.'.. •• .'- -L ' - .

i ) When the feed rate of rice plant increased instantaneously

because of the uneven flgw of rice plant, the mean value ef the

threshing cylinder torque increased and thus its firequency

distribution curve moved to the right. At that" time, however,
the engine torque did not change so 1'argely as the threshing

CyZinder and the mean value of the travelling counter shaEt
tOrgue decreased as co-n'' {rasted with'the above two elements and

itS frequency distrÅ}bution curve moved to the left. When the

feed rate decreased soon after, the mean value of the threshing

CYIinder torgue decreased'and its distribution curVe.meved to

the left and returned to the previous position and the distri-

bUtion eurve of the travelling counter shaft torque returnbd ''-

tO the right-but the fluctuation 6f..the engine torque was stua!1•,
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il ) when the average'tOtcque of fhe - threshing cylinder increased

ehe range ef flUCtUatiOn ef'this torque at th'is time became wide.

This phenomenon indicated that•' the:load•for threshing grains and

cuttÅ}ng straws became heavier•When the flow of' rice'plant'

increased.

3.-1-2 smoothed Fluctuation of•Torque of Each Funct'ional Elernent

         rn order to Eind the icrends of the fluctuation of the

torques and angular velocities,Z•the moving average method was

used and filtered out the'-minute Eluctuations. The moving average

methods of various t•ype axe given- in- the referenees'"6.).and 7 ).

But the moving average process uSed in -this: section wa's-as follows

The average values of the torgues ef ' each functional. eXernent at

an interval of one revolution of the" threshing cylinder and the

average va!ues of the angular'Velocities of e'ach. eX,ernent at an

interval of one revolution'ioE -each corr'espohding element were

calculated. [Dhe results are shown in: Fi' g. 3-5.' r.
                                '
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 phenomenon aS thiE WaS ObSerrV. ed during every experiments and
 the intervals of these increases 6f the thtie:'ghing 6i'linder "

 torqti-e were fr6m i}2 sec to i2.g Secj T'his fact seemea`'to show

thit' Ehe flow of rice plant fed into the threshing roon was
not uniform 8 ), 9 ).

              '                              'si ) Alth6ugh the threshing cVlinder torque increased 'insEarita-

neously, thd engine torgue did not so inereased and the

travelling'tbrgue decreased at thiS tiTne on Ehe contrary.

This' seerhea to show that'Jbecause of the gr6'at ' mdss moments

oE inettia oE the main rotating Paxts','espeeially''6f the

threshing'  dylind' er of the exPerim6nted'combthe, the kinetic
energibs' of 'these'partis eomPensated the instantaneous increase

of the loads at the threshing cylinder.
                                                    -                                           '        'That isi when'the loads of the'tdhreshing cylinder

was low ( for exampie, at t= tl in Fig. 3-5 ), let the

angular veiocity of the cylindet ,shaf.t'be to1 and'the travel--

ling velocity of the combine be vl. ALnd when the flow raie of

rice increased and therdfore the threshing Cylinder torgue

increaSed ( t = t2 in -Fig.3-5 ),' the angulat vdlocitSr bf the

cYlinder decreased to al2 aEter dt (= t2 - tl )see- ]let the

tetal equiva!ent rnomeht of inertÅ}a about the cylinder Shaft

Of the main rotating elembnts' of the combine be r                                                      the                                                 ceg'
total weight of the combine be W ( kg ) and the change of a

kinetid energy tor dt sec be'dE, the vJork aone ior a unit

tiMer that is, power H is given by the following eguation.
   H = ['llll{x7} =.atl'{ r..q( dii2- to22 }72 + //7Li'vi2- v22 )/2}/7s

                      .                        -                        in pS -( 3-z)-
Beeause oS til;e' "iow traVeiiing vei6citY irie sebond tekti"'ih

the pa;enthesis of the right hand side of Eq• 3-1 can'
,
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                          /t Fl/ be 'heglected- Fina'llyt tih'e fol'16wh:pg equatibn' 'representing the

 cornpensating power of :t"he rot:ating eiem'ents ol the"]eombih6 is•

                       -

   H = t..gabg-Etu -7-is J '' ''' ( ps )' 'L Z" -i -("3-2 )

  where tu = 5' (tui Å} co2)r dtu i tui - tu2 ' - I .'..,

               -                      .. ..- vk . 'r. ,, :•The maih rotating pg.rts wgre gonnected,.with V•-belts. as show.p

in Fig. 2-2.'  dehb niass'moments of ingrtÅ}a of each rotating
eierneht couid.bg r'educed t6.'ih, e'6qtli'va.iefit' rltas'g''fi'6men-ti' 6f '

Å}nertia eibout the thres'hing cylinder shaft 1                                                  which was
given by the foliowihg eqtiation.

                      tt .t .Jt Tt ttt                                                 '
   rceq = i6'+ xR'( diRfut. )2 '+'r'T' ti( tuT7tutl )2( iutR/tu6 )2

                                         '        .- , + rE ( (D\ ,/ "?,R ,) 2( a? R/ .tu .,. )2. .

                                             . (3-3)
  Where Zc, :R, !T apd ZE were the maS"S' moTnents of inertia
 '                            a ff tt- -- t-about the threshing cylindex, eylindex beater, travelling

countet'  shaft and engine, respectively- And tucr alR, coT and

coE ZV9Fe the angular velocities o.I. the.above, respectively,.
These {ra!ueS of'the ' experimented cofttbine were as follows.

   I,c : 5::,O :g:.C.M:gg.e:; ,:\.:--- ;::7 g:gl ::9.g-;•

   tuRlcoc = 1'49, tA)[vllD'ilt'''--"' l1S9'i'tuE/cbit ii:'91 t ii

For example, the change of the 'enbfrgy from t = tl tO t = t2

zn Fig• 3--s couid be' eaicuiat' ear as'ifoit6wS.''Å}h' Ehis tl:21s6, '

                                  ' ,



                                        -1                         -- 1          .- 1                            t dtu #L 10 sec , dt == O.34 sec:kd'co82 i:Cse8-:i =Thl9cgii9perisating power was caicniated from

Egs. Åq 3--2 } and C' 3-3 }- and it ameunted'  27.6 PS. Therefiore

Å}t• could be said that the'  fiyvJheel•effect•'or compensat-ng'

effect of the rotating e'lementS of the "eombine'was .large.

        zn such a manner, there s"as cqmpensa-tin'g-'Eunction

of the power r'eguiTerneri't between each functional. eleTnent

of the combine and theyefore 'the inStataneOus•increase ofi the

load at the' threshing :cylinder cOuld:be' e''dmpenSated by`the'

kinetic energy of the rotating Parts Of a cornbine-•without

inCreasing the engine power. i' '- - - :- - i .';i

         ln order tO deSign-'a- cornbihe -'effeeti•vely :with' regard

to the Åëharactetistics-of the Zoad at eaeh •elemeht and to •

good utilization'of power eOmpensatihg EUnCtien between

the functional elements, •net only the independent and Peculiar

function bf each 'element,Lbint alsO the !inUtual action between the

combined elernents'will have to be analiZbd. F6rzthis Purpose,

the further studids of a combine rnust' be'made' from a p6ihtL'L'

o' f view that the' power tra' nsrnission. sYsteta of- a•'ebmbine- is• a

dynamic syst'em ineluding an engine;' ''• '-' --'
3"1-3'characteristicsbf Fluctuaticn of T-orque of Timeshing
         " UTV-                                            -      Cylinder ' -- -- -- •-• •"
         "ihe rnost impoxtant fopetional'element oE the-'combine

iS the threshing' cyXinder. zn-the;previbuS]Section't'n' e eharac-

teristics of fluctuation ••of' the thainEunctionhl' element wete

diScussed. It is neceSsary' for designing arld devbloPing the

threshing element that the dynarnic characteristics of the

threshing torgue are clarified and iri this Section'the change '
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in the ' amplitude Of the flUCtuation of the threshing cylinder

torque with the change i F, F.l}e feed ,rate of .rice plant by

raeans of the relative frequqnbY ,distribut'ionL cuxves wiu be

                    : ttt "tinvestigated and the thice'shi'n' g p;pces.s oL.f •the threshing device

m' th spike-tooth cylinder.and concave will be presumed by the

oscillogram traces oi the. wave forms of.Y.he threshing cylinder

torque and concave r'eactig,p 'torque.-•.. ". ..

                           t 7.          The threshihlj cYIinder 't-orque f]luctuated with the

longer period by the change in the flow of rice plant and

this phenomenon was elarifÅ}ed bY ith'e thoving -average method in

3-1-2. The actual fluc'tuatio'n consisted ofthe longerfluetuati--

on mentionedabove and thei shor'ter fluctua-tiOn'caused by the '

threshing action of the• teeth of the cYlinder and•cOncave'as

weZl as the torsionalrvibration oE 'the cylinder-shaft.

          In 3'-l-1, fdrr the pur-posd of' ve=ifying:the cbmPen-

sating functiori the twO ki•nds of'distribution cutives c'orres-

ponding to the instanCes• at whieh"the filow of r'ice- Plan't

increased and decrelasedY• xn this sectien the irequency dÅ}strint
                  were discussed
bution curves obtained• fr'om the' lenger.time'records'in di-stei

gard ef change •o•f 'the rice flow dur-ng a•n'eXPerÅ}ment• are -•exarni-

ned and the chahge of the distribution euLrves caused -bY' 'the

change of the experimentaX condit'ion are intiestigated•

         The rela-tive••frequency dist'ribu-tion c'u-rves of the

threshing cylinder terque for the various''texPeri-rnert•tal c'ondi-

tiOnSt whieh were' obtained Åírern the -original long Oscillogram

eharts for 5 to 7 seeon''ds with'the A-method explained'in

3-1, are shown in Fig;-3-6. i ' - ';''
         The distt'ibu-ti:ori- curveHs ÅéOrreSpo'naing- :tb"'-t•he-lew

'
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     Fig. 3-6 Freg[uency Distribution Curves of [ehreshing

              Cylinder Torque, • :.- i :.-, . /z.z.. •

average fieed rates of riee'plant might be considered approxi-

mately normal, but to the•high• feed rates they were skewedi.

mhe ranges of the ampl• itudes-.of,-fZuctuations were:faSrly • •-.L ,..

wÅ}de and the maximum torques were, 5 to 6--times as.ularge-as

the mo des ( 3. 5 times •• aS large as ., the me.an'- ). ,- and this must i. .

be taken into consideration pn d• e$.igning. the .strength of-.the

threshing cylindeif shaft Qf the cQmbine..' u• :,..:'. ', .L

 • The reaction of the threshing forÅëe of the cylinder•

 was transferred as the torque to the worrn wheel shaft of the

Worm gear box for adju$tipg concave clearance. !Dhis tQrgue. •.

VJaS tra.nsmitted thrpugh.-.the thres.hed r.ice gtains -and• • •r

       pre-ssed and cras.b.ed straws:fr•om the •threshing •cylinder

and might display #he;f•prce.a. c.ting. upQn•the concave:qpprQ'

 ,XIMately. Fig. 3- .-7.ind.icate$ the.osciZlogram-trac•es pE the -
                                  ]
tOrgues of the eylinder.-and,t.he worrn wheel -shaft for.the , '

feed rate.of ss.1 kg/min. rn this.figpre, ( a.) was reÅëord-

ed When the flow of rice decreased and (b ) was recorded
t
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     Fig. 3-7 OscUlograrn Trace$•of ;Morque-Lat.Cylinder and

              Concave for Test Ne.3 s'-h .• ' '
                 .          The period of the fluctuation of the concave torque

was different from that of-the cylinder.::.'The :flUctuecion with

lopgeM period ( more than l.O second•) of.the. Edrce aeting .

upon the concave was caUsed by the.uneven fldw '.of riee mention-

ed previously. The fluctuation'with the shortet.period might

be caused by the jfact that when the.teeth.'oE eyLinder passed ..,

through the teeth of the concave•, there..were actÅ}ons'eE,.thresh-

zng grains, cutting and pressing strawS arnong these teeth.

This phenomenon is revealed in Fig. 3i7 ( a ). {rhat is. the

fOrce of the concave fluctuated'ten times for one revOlutions

Oi the cylinder, this might.be'caused by the faet thati.1he''

teeth were placeq on'the:.cy•Zinder" in,the direction of.,the . ,l
                                                           "
 ,CZXCurnEerence in ten. columnst.atireguXarr intexvals. Eor con- '

VenZence, the teeth placed in order in direction of the shaft

OÅí the cylinder will rb.e called the column of .the teeth.. ,

hereafter. .' [:;z ' ''' •. -i.i' ,.• :,1 .,.• L,.: •,'. '
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when the-eolurnnS Of theLteeth;ofi-•the[threshing cylinder passed

thtough'the first Column of the'teeth •of the concave'•(' this:

cofumn' wa$ placed near•the'•en'tr' ance of the coneave ), the

fo'rces we're' little acted. Mhe ierces acti'ng upon the concave

seemed t6•'fluctuate exactlY cOrresponding to the tb.re'shing

forces. on the ether handt th' e' -•cyltimd'er toeque' did-not always

flu'ctuate wtth the tihreShing'EorCeS. When the cylindet•shaft

was considered as the tOrs' ion sPt•ing and the'cylinder and

pulley was considered as' the'  inerU'a maSses, theTna•tural
freguency of this vibvatibnsysteM was about 77- Hz; tin en tihe

rice flo-w'deereasedr t•he cylinde-r -to-rque •ÅíluctUa!ted' at'77 Hz-,

a$ indicated in Fig. 3L7 ( a ). [DhiS ind'icates that the fluctu- v

ation of the torgue with the short period was caused by the

tor$ional vibration. However, when the flow of rice plant

increased and the load at the cylinder increased, it did not

always fluctuate at 77 Hz. The fluctuation of the cylinder

torque with a shoxt period might be caused partly by the free

vibration of the cylinder shaft, but fluctuation of the cylinder

toscgue was much complicated by the V-belt as a nonlinear

Sprzng and nonlinear factor such as slip between the beZt and

pulley and the frictional resistanee of rice. When the flow of
                                   - ,rice plant increasedr the aspect of the fluctuation of the

COncave force was altered as shown in Fig. 3-7 ( b ). By this

tiMet the period became twice as long as ( a ). The cause of

this phenomenon was not clarified, but it seemed that when the

flOW oE rice plant increased, the rice plant was drcawn in the

teeth of the concave by the teeth of the eyZinder in large

gUantities, the rice flow was intercepted and the resistanceS '
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  of. t.he rice. flow agaM.S,t.:th•.e nex,t-•..c. olymn p-f -th.e .teeth p•f tthe

  cylinder becarlte lighter, or considering the fact that in Test

, No.3 the grain loss-over'S.traWrqck was ,Caizly.more ,( th.at..Å}.s,

  7..:o percent. ) .thaP i-P -Pther.=teSts•i• $Cra.w was str.ongly pre.ssed

  and $o period •of -fluct.uat-;on p•t the ic.onqave. E-oes. eei bec. arne .,L ,.

  Ionger. Thes.e phenoMe'ria'"mbs,t•be qna,lized paore tptnut.ely z.'.n. -:

  order •to cla-rify the. t•h-resh-ing mecha.nism''e•f tin.e-. .th.".esh;ng-.r

  device with the s.ptke tooth.qyli.n.der and,cop.cav.e,. . .

            tysoreover, .in F.;g. 3.7-, -tbe. .pea.k. s. QC- the .th.re.s. hip,g.-.

  cylinder torques lagged be. ;}i.n, d;,that p•fi Lt. be ,popq4ye force.. •This

  rnight be caused by-i t-h.e. '. Jl.arge ,in.e.rt;•a.. otÅí.:., h• e.:.sy•za.n..pler,-r ••Vlp,t .Ji:-.s.r-

  the compensatzng f-: nc.ti-on. .pf" •the. •cylinder.

't
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 3.2-Dynamic CharaCteriSticS of•the LOad:o[f•;the Head-feeding. .=

    Type Thresher**ft' 'L •', . -
    .-• In 2'-2•i• the mean power'requirements-of the functib-

nal. elements and. POWer d-iStributions' to ']them o'f' the head-feed-

ing type thresheiY. HOWever, i•t: was`insufficient that-the load

          were discussed
charaeter•istics•-were irdieated only by' theans-•of•.the avetage,

torques' o•fJthe functionaLelements; and was-found to be

necessary that•theY• - had tb'•Jbe'repres'ented by means of the

relative Erequ-ency distribution cutVes shoWing the:Characte-••j

risties -i•n disregardi of t'imei axis'.'and'the- cotrelograMs=and' :-. ''

power spectval dencSties shpwin9 the;chattaeteristics consideic-

•ing time 'aXis' or'-frequenÅëy'doMath;•' '' i . , , '• ' /'•

        -' In 't-his'•sectio-n the'dynarnic''characterÅ}s'tics-'by means

of t•he,above.rnentioned methods wiil:•beidiscussedl and the.

smoothirtg'-technique of- the mbv•ing'aVCrag'e': wiui•-be ins'e'd as in the

picevious: section; -As the reSults •of th'ese•''discussions'- the" funda-

mental informatÅ}ons. fot the• automatic'•cohtrol of the small

eombÅ}ne wit•h- head--fieedin•g type thresherL"will be-obtained. •i' '

       L 'The•prineipal desCriptions' oE the 'ekperiments'were

gi• ven.in:.2•-2-1.;-'../: ' • '- ..•L ,.. L..1 '" •. ' '.'• :'1

3-2-1' Stationary Dynamic Charaeteristcs'of" the Torque o•fi Each
                                   -   '      Functional Elernent

     -i l:-The torque' wave: fioerm'of each'functiOna-lt'eleinent••which

WaS recorded for no-load operation -presented the complipated

flUctuation by teason-ofr"the;torsiena'X v" ibra'tidn• ;'•:when-,rice

Plant was t•hreshed,.tlie• fluCtuatiohs ' '• -.Lo-f z`'ne toru'v.G."''
                                                      .
T{ti-Y-:i-L .!r!e'come morevc(bmplicated and theamplitudes ofthe fluctu-

atiens might also be. varied/according to the matetial condition.,
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Especi,ally, as.diSCUSSed-•in.2-2-lr the threshing cylinder torque

was o# g.he.highest•.vaXue 4nd it might b.e in.fluenced by-,the

rnatertal conditiOnS to a remarkable degree. Therefore, in order

to reveal the amplitude of the fluetuating torque of the thresh-

ing cylindert tlie relat iVe freguency distrÅ}bution curves oE the

fluctuating cyUnder torques for no-load operation as well as

threshing dried and greenriceswgre obtained. The operating
                              'condition for threshing dried rice ( moisture content of rough •
                           'riee was 15.9 pereent and that of straw was 34.5 percent ) was
                             'feeding binded one-sheaf OfLO.8 kg and thaE for threshing green

rice ( moistuxe content of rough rice was 24 percent and that

of straw was 71.3 percent ) was feedipg b-inded one-sheaf of

1.5 Kg. The method for counting frequencies was sampling

mee.hod, and from the qontinuous .wave,,recorq. Q,C e.he., cylinder

torque the "values at interval of i125QO s.ec•were sarnpl•ed an-d

t•he .level w.a.,s .dqcided to wbich epgh,sampled v, al-ue,belonged! and

the number of t.he sampled vqlpesii-nvplved in eaqh level was

repre.se. nted in.percentage by the rqte •#p,..the .•tQtql .npt. b. er of

the s.aT-npled values, as mentioned in 3r.1 oc reference 5 ).

The obtained frequency distributien curves oi the thxeshing

Cylinder torques for varlous- ope#ating condition are -s.hown

                                   t                                              ',

                                                      -
i ) The fluctuatiop of the torgue of the threshing cylinder for

nO-load operation was heavy.. Tbe lp.fiuenc.e -o.f• -the torsional

Vibration upon fluctuati.on.of #he torguq seemed. to be,=g.reat

COnSidering the negative v.alue of the torque and symetrY.Of

the frequency distribution pattern• •
                                            Lii ) FOr threshing rice plant, the amplitude,of fluctuatiOn in ,
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the-threshing CYIinder tOrque was fairly large but,

ency distribUtiOn .,CUrVeS'Were .similar to the nermal

•ret'

..-. Y• ÅrÅr''t'-

lt,s 'frequ-

 Curves. ',

         -1.0 1.0 2.0 3.0
                        C.t'1.ipEltti' Tur,s"e CktTt•n]). ... ..

   Fig, 3-8 -Variati-on of Fr.equency Distribution Curves. with

            eperating Conditions. .- .
This phenomenonLwas different from.the case of the .Wes•tern-

type ri.ce cpmbine, that Å}s, for thevthre$hing torque of the

Western-type co.mbine, the rneanbecome grea.te.r' than the-mode

as ehe feed era.te of ptce plant was• increa$ed-`This. might be ••

caused by the difference of the' .threshing method. That is,
                                     'for the head-C•eedi'ng-type th•resher Qnly the panicle ( head

Of =ice plant was fed in:o the threshing device to the

di-rection of-t. he cyZ•inder .axis., on the other handt for the

threshing device of the vue.stern-type,combin6 the whole rice

Plant ( panicle and s•,tr,aw,)• were fed- into,.the.threshing

rOOm to the tangential-.d•irec.tion ef,.the 'cylinder.'], ',' . i

iZi )• A$ the load• in.crea.$ed, the'arnpl•itude.ot the.flUctuat"
,

ing torque increased. andi.the maximum value reached 1."5 to.

2•5 times ot the mean ( this .value was nearly 'equa:' to thu

MOde )• However, for the western-type combine•the maximum

)
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value'reacbed 6•O. tirneS-Of the mode and it was found that the

fluctuation in` •the threshing torque for the head-feeding type

was srnaller than that for the Western-,types- This was because
ofi the fact that for theh  we' sterri-type the Eluctuation of the

fzow of rice plant appea2ed directiy as the fluctuation of the

threshing gylinder torque and the threshing process contained
           'pressing a'nq, gutting strawst on the other,.hand for the head-

ieeding'  type,.the material ptayed in the threshing r"oom Eor
                           '                                                   '                             '                'rlatively •lohg time •So the fluctuation of the-f.low of rice

                                iwas smpbthed.
                                            '                                            -        . As inentioned above, the fluctuatien of the torque

contained the torsional vibration. rn order to understand the

chata'cteri'stiCs of the fluctuating t6rque.,'resulting." from ,sueh

inherent mechanical vib•raVoh•-bf..the exp.erimented thresher,

.the correlogram.for no-load' operation will. be discussed' at.

first. The' reaso• n: why'it is easier 'to searc• h .the construct•ion-

of the fre' quency •component by'means•of 'the correlogram.than

the orÅ}ginai' wave form axe as fouows7).'- .. . . ..

1' ) In thei-.form :oE the 'correlograrn. the.• 'superÅ}or cornponent' of

some 'frequency bf.the original wave form is emphasÅ}zed C that

Xs, zt xs appreciated by the squared amplitude.). .

2 ) Near T = o' , the components of the approkimateiy same

frequency are. aggregated in the approximately. •same-phase.

   -' L The caZculation oE 'the•co.rre'logÅ}amsv•were produced

EOr the torques of'the dri"ing .counter'.$haEt, ichreshing. cyZinder

ShaEtr screw conveyer shaft, and chaff-disposing fan shaft.'

The number of data sarnpled at interval of.•l1250 seci:frem tihe

Original continuous re=cords was ,300'and the number of s' hifting '

.
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svas 60 ( Trnax = O'24 SeC'-)'. The r-esults of computation are -

shown' in Fz g•• 3- 9i-

                       '"t'!--" D'r'i Ning 'Couhter Shift
                        " Cvlinder
                        t'`'-"---FirstScrew Cons:eyor, "
                        '-`-:o-- Chaff Disposing Fan

                                                 -      ,/lii,o'gi)k .,,,f,',,g',,. ;:År,N Eoov).,, t"'rtsx'N •'1)i ,,.,

      :1/ oi 'K(" 'xr ,,g fv k,v v.xii/ o2ssec

    Fig. 3-9 CorEelograms oEFIuctuatiJngToscques of Functional

             Elements oi Head-feeding Type Thresher

i) The torque oE the dri y.ing counter shaft and screw convey-

er shaEt fluctuated $econdarUy at' 20 Hz and primarily at 5.5 Hz.

The natural frequency oE the torsional vibration ofi the driv-

ing counter s .h, aft ,was about 130 Hz. The natural frequency of the

screw conveyer $haft could not be calculated because oi its

complicated condition, but its Erequency might be excessively

about 20 Hz since.-.p.he ma..s.s ipgment gf inertia was very small•

FinaZly, the 'higher frequency cpinponent of' the fluctuatin'g
torque might be resuited fr6rn the natural frequency of the

tOrSional vibration of the multi-degree of freedom system

ZnCluding the motor shaft. The fluctuation oE 5.5 Hz will be

diSCussed later o n. . . ' ".' ', - .r' ' , ;-, . . , . ]• '

ii ) Mhe fluetuationsof.ihe short period of the shaft of the

Chaff disposing fan a'nd threshing'cylinder. were diffexent• - '
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This rnight reSUIt•fr.OM the reason that.V-belts which transmitted

povJer to the chaff diSpOSing fan locating at the,end of the

power transpaiSSiOn System-'-had'the vibration•isolatioin.effect

and•the. naturaZ freqUenCy Of the threshing cyZinderushaft was

low -compared with other rotating parts because the mass mornent

of inertia of t-he 'threshing cylÅ}nderr/.was:• great..

  . . Theamp"liCuqe-sof.the Eluctuating-Ltorques were di.•ffeyent

for•t•he -case of.no-load operation--and of threshing.:,,rice plant.

The correlograrns of the t-hreshing.cylinder,torgue for.both i-;

cases in order toclarify the difference due ,to .the operating

condi•tion,.and .oE -the chain conveyer torque for-rthe ease,.of ..

threshing rice plant are showri in Fig 3rlO. TheJoperating.

c•ondxtzon[,was the cQntinuous threshing of green rice of 1.5 kg

140 cm. : . •.•-. .- :,. •i ' r.. .i
              r-           i       '                     "-O"' C}`lifider' (No• lead)--

1.0

-1
-:.
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= O.5

'"nv

v
=o

=g
t
ts

e
1
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-.-'  C)'Iinder (Feeding continueusl ')

-- "C-"Ctiain Conve.vor (ceniiriuouSlv} : - "h

             -d.s

     Fig• 3-10 Variationof

               Condi. tion
i ) The fundamentai shape of

 O• 25 "' e":

N

Correlograrns with
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  of the'.JthreshÅ}ng ,
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torque was notchangedwhen the load acted upon it. xn other

words, it was PreSumed that when the load acted upon the
                            :/threshing cylinder the average torque was increased but the

aspect of -the fluctuation of the threshing torgue did not

                         ' changed.

ii ) The torque of both the threshing cylinder and chain

conveyer shaft displayed the Eluctuation of 5.5 Hz. [Dhe fluctu-

ation of the chain conveyer torque because of the interrnÅ}ttent

engagement of the sprocket with the chain was slightly detected.

The frequency of this fluctuation't was ' 8/.5 Hz, but when the load

acted, the fluctuation oE this frequency disappeared and the

fluctuation of 5.5 Hz appeared. The reason of this phenomena

was not able to be elucidated.

          The poweac spectral density which is used to analyze
                                  'the random'fluctuation reveals quantitatively the superior

component involved in the randorn fluctuation. The power spectral

den$ities of the torques of the shafts computed for no-load

operation and threshing rice plant are shown in Fig. 3-11 ( 1 )r

( 2 )t ( 3 ) and ( 4 ). The threshing conditions were identical

with the case of Fig. 3-IO, and these spectra were cornputed

                                              '                                        t.tfrom the above-mentioned correlograms. '
                                   .i) The spectra of the torques of the shafts of the functional

elements except the thr' eshÅ}ng cylinder had the peak near 20 Hz

Xn both eases. for no-load opeTatiori•:and 'fior -threJ shÅ}tig- rice

Plant and power decre'ased •abruptily in ':the h'igh'er ran'`ge-above

ii År The threshing cylinder torque fluctuated differently. The

SPeCtra of 'this torqu'e had not the peak near 20 Hz but the peak'
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ch"ain, conveyer torqUe had the similar characteri$tic to that of

the=threshing cy!inder torque. This rneant that the vibration

isola'tion effect did n6t exist in the power transrnission frorn
               'the threshing cylinder shaft to the chain conveyer shaft because

this tran$misSion SYS' tern vJaS constructed from the wheel worrn

gear and the threshing cylinder shaft and the chain conveyer

sinaft formed the independent vibration system which was isolated

from other functional elements which formed the other vibrating

system consisting of the shafts, V-belt and mass moments of
                                 ,
inertla.
        -
xu ) It could not be cZarified .that the power of the fluctu-
ations ofi higher frequency than 40 Hz decre' ased and the fluctu-

ations oE freguencies above 40 Hz were sm6ot,hed when the load

was acted.

         Frorn the above discussions it was revealed that the

fluctuation characteristics of the torque oE each element was

hardly affected by the load and the distinguished reason of the

fluctuation of the torque was the natural vibration peculiar

to the experimented thresher in case of the stationary operation

such as contÅ}nuous feeding of rice plant•

3-2-2 Nonstationary Dynamic characteristScS of the Torque oE

     Each Functional Element

          rn order to reveal the general characteristcs of the

flUetuating torque which all the head-feeding type thresher hadt

the average values of each original wave at intervals of integral

tiMes of the inverse of the nattiical -frequeney •iiere calculated

and Plotted considering -the abseiss`aLas tzMe and the ordinate

aS t'Orque. The fluetuation chatacter'istic"s bf 'the- sm'i otihed ,
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threshi.ng tor{ Ue frOM .t.h.e.- beginning to• the. end of tzhreshing

binded. one--sheaf .MaY .berhelpful to understand the rnechanism

of thr.eshing proceSSLfrOM a practiqal view poÅ}nt.- The,resu'lts

Qf, computations- are Shown in Fig.;• S, (,1 )•an.d•'(• ?. ). rphe, oprat-
                                3-12
ing c.onditions oi ( .l ) .and (• 2 ) are,threshing dricd one-$hea•f

ot o.85 kg and green one-sheaf oE.I.5 •kg.lr"res,pectiv. eJy-.. The,

    - 3•?o, ps}lilll,i,l.ll: il'ii'.nn ef

                 T' Driving countcr shlrt

           ' - ';- 2'.OO
              e              -b.t,             'g • ' -'' .C vt .cstinacr , ',,z'
    •- tT'-r.eo -/c'hlllt,n '-V-'"' ti ,. ,
    . "- ICOnVeSJOr '2nd c"dinder SletOr ''
    v. . . '. iGrein,f7a,n,i,.,,,,•-Fb,"k.År!.,

                      -.---.N-LLm.h-v-N-A-n-"-
                 O 1 2 3'' 'l
                             Time Csec)
             ' a) Fecding one ihenlofaricd r'iee ''':

                        Relatls'e Position of
                            C)'lind,cr
                3 .00
     .'i , '' . ..... . . , Driving.Counter S.haft

Fig-.

relative

      'E 2.oe
      'i'

      8 i.oo
                   2nd 6C25:ii,"dP,r,

                    ChHff Disposing Fan
           -in.-N...--..,.;-ifL•,dt:--N--.v-.:.-----...;:Ls::

         'O ' 1' ' '2 '' 3 ' 4
                  •. .Time {sec) .
              (2) Fecding one sheefof g'reen rice '

3-12 Tr.a.nsient Torgues. Pb#ained wit-h..,Srnpo.thzng.

     for Threshing, Bin d, ed -Ope-sheaf -•.

 posi.tion of. Phe sh,eaf to, the th;eshing c.ylip.der ,
'
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was`i-detected bY the diSplacement of'the StraW pressin'ng Plate

innaer the chain cdinveyer. '-' .-- -
i) Fot b6th cas[es of threshing dried rice and green rice

the bb9inning 6f'the-incrdase' Å}n :'the 'totque of the chain '' ]'

convdyer viaS earlierby about O.8'sec thelnittiat of''ehe -thteshing

torque; This might result frbm the structiinre 6f the thiresher

df tihis typer tihat isr when the chain conveyer began conveying

the Sheaft the' thteshing cyltnddr 'did n6t'yeti thresh'"the ''i

panicZe df tihat sheaf'. '  ''

ii ) The' torqUe of the cylinaer reached the rnaximuin 'value at

the p6siti'on L6f'guartefe iength of the cylihder. This'indicated

that- part of' the' panicle of the' binddd]tice plant:'w'as fed:"'

intofthe threshing ro6xn after the root 6E ride'was conveyed

bY the'chainrarid''w'as'spreaded out by the resistances of the

thr6shing teeth ,'' ' '''' '"'
iii) nih6 al)ove rnentioned raaXimurn threshing torque was t.'S kg-rn

and continued for O.' 65 sec in case of the dried riee and "'

2•O kg-rn and for O.95 sec in c' ase' ot the gxeen rÅ}cei reSpec-

tivelY. [Ehis indicated that ' threshing oE panicle was' ctirried

out at tliese intervais. Åívhe difEerences ofi the values of these

maximum torctues and the interval's' of durati6h' of these vaiues

repreSerited that thd 6hergy'delinanded for thbeshing' green

rice thas ljiciher-than that demanded'tor dried riee. '

iV4 ) After the threShingLt6ra.ue'reache'd the maxirniim tialuei it

delcreased ' to 7o petee'nt dE tihe m,aximiim ih'daSe of thre$hing' '

drÅ}ea' rice and 7s percent in case of green ricer;tesP'ectivelY•

ThelSe threshing torcltues' contin'ued ursti1 'the bi' nded ri-c' e platit

finiShed to' pass throu' gh trie''threshing room. The Phbnom'e"non ,



                                                             72
tb, at these tOrqUe.S oontinUed after L.the endu of thveshing:

ndgh.t be caused by the load to thresh the straw whieh was

a.lreqdy' threshed.

And the fact tbat" itS val• ue was• l•O. kg-rn in,case of threshing

dried.?.rte.ce.a.nd'1.5.kg.-m' in 'case of green'. rice•,,reSpectiveZy', .'.

,indicoted that th. e resiStance '.of•the dried Straw was smaller

thap..tha#,:.Qf:gre'en•., r..'. - .-- i .•, i -
v .) ;p Eig;.3-l2 (1 ), .the thresh•ing•tQrques are represented•

by•the'sQlÅ}d line and.chain Xine. [rhe averaging ;'nterval• of

the.chain Une was one.'half of that of theisoiid'line;and

as shown by these two curves t, he curve with the shorter

averagi.ng iritevval representsLt•he details'oE• the fluctuati6n

of-,the.torque.•,That•is, iic shQwed the heavy l'oad•at the

beginning ,of threshÅ}ng. .. - ' ,'. -: t
vi ) , The terque. .Qf• the threshing cYlinder shaft ,inCreased

more than• those of•the electric motor and dtivÅ}ng counter

sh• aft-s. This'. rpeant.the existenase -of th•e •co• mpensation.of power

du.e #o. t.he .rnas$ .mom.ent of-.inertia of 'the electric motor,

that- ;ist. the prime• mQver w.as •not inEXuenced; by.,the'Zoad'

filucV.uatip.n!• : •- :''' ' ''                              '
Vil )]rt was pre$umed that the- fluctuation of the supplementary

threshing cylinder (.--2nd cylinder-5) appeare'd 'behind that'of

the.tl?#eshing cylinder,•Jbut the• former showed ':the low value -L

an.d, impercept-ibie.flu.ctuation, then Å}t was revealed that tihe

S..UPPIementary threshing cytinder was •ha'rdly •acted, .upon by the

10ad-in easre oE t, .hreshing.the binrded one-sheaf of rice plant.

 ---Viii ) The torque of the,-shafts. ,of-the .'grain. 1•fanr; .chaffi d'Å}S'-

POSMg Lfan and the scyew .c,Qnveyer -( 'this Å}s' not shown- in' 'er
                                                               t
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Fig. 3-l2 ) showed the l9iY ,Va.lue 4anq i.m.p.ercepVi.bl.e f"uctu-,

                                                     '                                                     t.-
         .In order to obtain the fundamenVal lj."p,wl.edge of.the ,
th.res6ing device vthich,waS.the.rpost impo.rtgnt,Cung9ign,al elemqnt .

of the. combine with the head-feeding type thresher, the

experiments oi the stationqr\ head-feedÅ}ng type thres,4gr were

pvoduced. rt was.revealed thpt power Feq"u,iremen9 of the .thregh-

ing cylinder was fairly low ,unde; the grdinary gperaYing .
                     'condition and Phe thres#ing pFocesfi, had been q}mo$t finished

until the binded rice pXant reac4ed the.mi,qq.1.g, poipt oi the
threshing cylinder..If the mechanism' of threshing process is

analyzed in this manner from a practical viewpoint, the investi-

gation into the shape and the optimal arrangement oE the thresh-

ing teeth may becorne possible and the threshing cylinder will

be improved. Considering the rnethod for Eeeding rice plant

to the threshing cylinder of the head-feeding type threshert

the relationship between rÅ}ce plant fed into the threshing

device and the threshing torque corresponds to that between

the integrant and the integral, and it is expected that the

fluetuation of the threshing cylinder torque will become smooth-

er thanthat of the layer of rice plant fied 'into the cyiinder

bY fiXtering effect. This effect was claritied by the characte-

risties of the smoothed fluctuation of the torque obtained

EOr threshing binded rice plant. The=efore- in controlling

the threshing torque of the eombine the characteristics of the

ZnPUt are different in both cases for detecting. straw layer

thiekness and threshing torque. It is desired that the quant-
                                                               r
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                       t rt.tati"e' relationShlP bdtwe6n {he'fiuctuati6ns ot straw''iaYeif

             /t --           t t-/thickhess and threshing torque are analyzed.

         The P6w6't requiremehts bf the oEhet functiofiai

.idfuchts 't"ere "ery'loÅív,'but'tfi6rd'w6f'efuany probt6ms whi6h shouid

b6 soivedJin' fuEur6,' i6ii"63Lattit)ie, -'c!eaning''afia 'c6ntidythC;' iraugh

                 tt         'tice L aa'h'e'red 'whLeic dtops. '''' " i •'-•: .` " :•

                 t.•"  J' Tt evas'foUhd that the -sm'au'tnf6She'r us'ed fot

expe' rifuEfit had aiSo iAeiluÅíual c6mpensation''bf 'Ehe p6wer, and

                                                   '                       'this wiU becorne the problem of the dPtifua'1 pbwer matdhing

"rhich diiu Lbb''the c6nstruction o{ tile p6tvdr ttarismiss'i6n

system utilizing the"' powet 6f die' ehgine"'effeeEiVeiY.' ;

                    -P      '1 '1 :' -'':-- ' ;L' r'[' Z'- '' :.L.i

              tt - :. . -1' t.t:L .. t- -tt t ttt tt 't' t /I 4t

'

l
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3r3pynarpiÅë• C• haraCteUS.tiCS, Qf :the .LOa(i{s pbf the-Head-feeding

    mype -.- small Cp mbine 't "*•*'' -• - .. •r - i • -

        -• rn.•the preqeeaing secaonr nptmely 2-3, the operating

perfQrm4ncest. the relationsh;.ps betwee!} feed• ratqs oE rice

plant ond-ghe p,oWer reguirements and the power distribution

pattern of the individual'funqtÅ}onal compone"t of the-heq,d- .

geeding..type•:small. riqe Åëpmbine.were clarified•, But,the$e

ch.aract-e#istics-oE•-the combLne .loadst-were d• iseussed only..by

means of--the qveEaged values o• f,the, torques of the •fiunctional

elem.ents t•herefore•l-t--is •peCessary Eq;-:•tbe.further develope-

Tnen,t,•suc•h.as t•he aucornati.c •qonyitrol Qf•,th•e combine that,•the

dynamic characteristics of the ioads is revealed.

          Xn thÅ}s section, by meaps qf the relative frequeney

distribution curves,. the powe.r spectral density functions and

the moving average methods, thd dynamic characteristcs of the

torques of the main functional eZernents will be discussed.

          The principal descntptio.ns of the experiments were

gzven in 2-3-i. '
         For the combine B, the torqiles and speeds of the shafts

of the cornponents which responded clearly to the fluctuation

                                      'of feed rate were measured.

                            '          Tn order to invesPÅ}gate the fluctuating feed rate

dUe to the natural ,fluctUa'tion of planting density of rice

Plant in the field, thel change in the straw layer thickness

Of the rice plant• fed into the combine was mea$ured by the

Phosphor--bronze thin cantilever

On Whtch the strain gages'were.bonded tQ.detect. ft-$-de.Slecti-

OnS• This cantitever wa$ set upJ pavallel"to the chain.convey"
                                                              l.



er impedl4, t9;Y after tb.e..9.P. ttl.p,g- device o# g4.g.gombine A,,and

g,.4g, qe.f, leqY, iPn e#.r-thi.S Can"l9Yer w4S gon$4eFed.,zero when

v.pg ..s.t.ra,.W.W4S P.Og CopVeYed b•y,t.he chqin copveyer. .
                                       t3-3-l.:D,yn4.rpriC .Cha'raCteutSttL,9S ,9# tk}g.To;.gges,oi Each . .

  .,; Fungtionq,l B.19rpent., .', '- -• -.•,•r ,.. •" -,f •.. •'. ,-••

   r ,,.., -,,",,,T#g, i,g.M- p!ZiUde oi-'the. fluqtyatzng tpgque,aV, ,lndivi-d-

uaJ cg.g4.pope}! ,iS.Qi•signl#.icanÅë•e. trom,.9, •ylgw poinv oE the

iatigue streng,tb g.nd• .the vibraptgnt. .s.o,-•,Vhat, fiox,the,gg•.rnbine

A,thg..torqp.e.,q;stmbut-,op. curves -,gE Vbe. s,hafts gf .tbg g,ompo-

nents,•pm.igh:. transmitted xelagivg.;,\ h#gher log"qs werg...ob•V.ai.n-

ed •-anq She,, xesul!s• are •s b,'owp. in 'Fig •, 3- rl3 . Åq, .a ) anq (1 .b ) ..

 - . . -/I :•[,: '• 'J' ..fi.o '-:1- lf. 't :a) F•reqtr?tlity Oistili'buo' (I'ofr.r);.e//t]Vl':tini' •[ "-•' '-- :L ';

 . .'.. ''-, ,,.z "'.-.. ' . I'i N`.A .:T".,iiCg/"d'ig fie.ei.,d•L2,"".'.ipgLiged-'.;,,:. Åq:i.. :,-,,, •. .,.-.

               I'S',{,,zfi9,XiNi'sXis,,/-i',.,,:,,::'51(,2:3i3:g7i

                        -: -   •,' .,.,. :,. O'O .tP• .2'9',.,E'l'iO,qi'g. .cj7iOF-.S)'O• ".7`.9,•.e'O.:-" . ,•:.: '' ..-.,]j!.

                                                       -; ,
                                             : L 'Pn 'trt/t                                                        '                                                     '

          '' 1' ": -' 1"CIO :.'. ';{'1 J: 7zir['//' E:.i'kLo-1}.9) f'O 1. '1"5'O'

     tt/    Fi6'. L"3'] iS' e}' 6quency6igtri'i iui tion 'eutve"s :and the Mean

     " ... ,...Vlf4ei.'s o.E yk' 'e.Tgrques of t"se Eh•gine 'apd •vhe

              Threshing Cylinder of Comb-ine A ,' ,.':

                                                       [                                               N. .L
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  PO-wer. Spectral DenSities dE the i
 LThreshlrg Cyl• indesc. T•or- que'. •i,;''`'i '/}"•''//"', •
                      + . .i,.:, l, lj ll
riee-pianJC.;9-,i,;.t8'?A6I,2C.gg.S;i-i-?:, :'i'il.,,,ive'ig

iO. cm ''th-i h Å}n .tes ." A, , the rpewer ..L ,- tr : :" '' I•

reqU'irement, for test•JB.,:-ias. h•igher• r''
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•x. this 4.g.-ur.e..V.he VeE...t-C9.1.line undgrrgach curve represenys

//t:,,: mgg.p.val,U9, The.g9rt.gue frequency distrxbution curves

.xcept the,.engine .q, nd ,Yrayel' ling gllafts. .wgre ,gppF.o\., imas. ely

pg.;,mal, bg,t- 9he Ergguei gy dSstnbutipn,cuF.v,e,g#, ,!},4e,,tF,avf.I.:

Upg . fi pa #t, VYil l, ,ipe pt;SC9F S. e. d later • The cu xves of the engzne

t- nwere skew .Thxs m+ght be dpe tg e4e maxil.pu•m..torgue whiah

gc tt.uFgg at the., ign l., !. .i o• n tzrne of tbg gngipe ,: . ,, ..-, , ,.., , u, ,.

 . :. :.. : ., .;n. Order ..Y. 9.I diSCuss the .dynaptc f. ha;a{ yerzstlcs ,.,

ofi .C.4g t.hFe$lp.ipg devl.ce ol Sb.e 'e•ombip.e A, expqriments of ,
                                                    .,f zL                                                tpu r t'
esp,g.cts.l;,\...highofeed #gte..were condpg,ted ,B,.ice.-plg..,p. ts syg.g,g.,,.....,

fe9,,wiY.l tW9 stg.el bars betwg. en w4+ch .She.. parts.,pegx t.he, ;,oots

of r"g,e,,,g,lapV,, w,ere held for contai.nzng the..coptlnug. us .qpq
     ,
cgns.I.?,p.! s#raw eqayer thickness, simplaY ngrthe cg.mb•Me. operar.,...

gon. F-uFthg.r, in order to-discusF Y.b,e t,pflugnce ot.,S.he thxesh-

ing #u{gtlQn of Yhe cylindg.F,...icorque,..Y,he I.ength of the rzce

      ,straw  -n t-hq thresh;ng devig.e,i"Tas,.ygpt9df .-ar}g.I..gl.1,9. ,V,hl.t"-P:h9-.,Q,,.,.,-.

SFny ?w wgs ,. fe. dL g. gain Å}nto the t4Fg, shing ,.tt• g. vice r . $e , C. b. a•t the

net. reslstance ,of the ,strcaw tg-,the .c\.l,Å}nder was ..Mggs,ured• T.he

aVeragg., pqwg.r fgF threshing,gnq .Yhe pgwer specPral densiY,,ies
o.f the,thres,hi.ng e\li,nd.e.i.tgrqug wg.ere."cg.;p.,puY.g,d .ang,,Y.he. reSUI,t,.S

                                                   Fceo'nete Ct('[:[1.dr -;r'i'SE.t{tri'4gare shown in Fig. 3.-l4. -            /• '- .-. . ., . .- .i ':A ..L L'-'eti'.o'.ttin li-':.L7tptn .Ahp
                                             S - --e-- -- tlao . .: "t ti . ee .    '/ Fig 3-•14 ( Right ) r' • , "r', - '
                                             C`-"'----- :-:'L3. Loe
                                         ,k                                                    ! L'i.' S;'
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by.3o pe•Mcen#'  than`"in'  test.A though Å}O tesic B•the feed rate

                'yias;below of 25 percerit. ..•L, .. •. i:r,j. •,..: •. , ,

  ....g .i•. , ••rn te$t- C'r' the[;pb• wer d-eC- reasOd to T'bne third. of '•
'                   -i
test A-•.. th'ese•showed• that the reszstaride of the straw to the
threshing'-'cylxn'der'-wa:s Ea:irly:large' 'J-L" i::'i.. '...

 :, :. - •.,:ei• ,: "; t :n the • pow'ey spec t• r• a' , - t• he' pe aks el• t' 6 ; Z' 6• År' 2 4' , 48 , 7'2

and. IOOTHz were f•o• und •-Å}Fndepehdent 'oh'; the 'd•X' periment -condition.

partÅ}eularly,• a sci markable• Peak -'at 24 H2Cmight bel "due to th/e •

forced•.vibratLon by'the reclP•rOcatszng mOtiOn oE the unbalanded

,paqt of,the engine'i because- 'tne eng=ne speed was appicoximately

                                      -14,5rQ'rpmi (• 'or 2.4•.2 rpF )', ''there-fore t•he 'main components of

the fl: ctu.atÅ}ng: cylinderc torq•ue consisted of the torsional

                                                      - tttvibra'tiorr o'.f [.the 'engine' crank- -shaft',• its harmonics qnd subharm-

                                                  t.tv                                            'n•ios wer.e..,not 1'ikely iniluen'eedi'bY the'' threshzng functlon

3-3'i2.' SmQpthzng/-,E'Efe'eti-•of Threshing Device

          Zn• c'ase of sma;Zi riee cQmb$• rie O-f•h•ead-feled• ing type,

only'  th.e panicle ( head- ) of rzce plant "ar'e fied -nto the

khreshimg devi'ee-'Å}n thelongitudznar d-irectionte the thresh-

mg cY'Zinder suecesst:' vely, sd thab'' the•Lrelation-be. tweetp-Phe

rzde plan't. Eed t6 thd 'e'SThndex and• the-' di linder tgolf•c{ub is '

                                                      ' etSZ•m:lar.'•to the scelatioh between Ehe integrapt and the dinteg-

rated-value as/ disci Ssed• 'in 3-2.2. Therefb'rei' ; itfiay be'-' '''
thoughLt •'  uh•at the feed rate fiuctuatioh below a cetazn quantity

OE the-.wave length.'.do:es not aff• ect the torque fluctUati6n'of ,

the cyknd.e•r..That-is-, i't.may bevsupposed that the threshing

deVice oE the' small rice combihe -oELt he' aa-'LEedding"iYpeli'

Mai •'actias'the io' w pass 'fziter';• so'the iEeed:':raEextiacfuati6h''

                                             'Wha'ch could nott exist in the actual' f'z'ela, as''- s' riowh Sn 'td'sEs' "
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4 to s in Table 2-10r were produced and th:s filterÅ}ng

phenomenon wels diScUSSed. For example, the period- ic square

p:antzng density with the Wave length of approximately l 2 m,

the average plantzng density of 2 4 kglm

in two rows and the ' plantin•g densÅ}ty amp. 1itude of 2.4 kg/m

was produced artiEÅ}cially, the eombine B was eperated- un.der

this condition and the cylinder torque was measured pthe •

smoethed wave form through the aigztal low pa--s•s EÅ}lter w-th the

cut--off irequenc.y of 2.e Hz.is shown Fig.3rl5 ( b ) Becguse

Fig. 13' ;-ls (a} and ' ( b) represeht One '
                                           tscycle of the flucedatÅ}ng plant-ng density lt,

                . -ct 2.4-and th6 eylindex to'rqUe, =t-m is 'imhPbSible S6 -o.6m

to 'find but the filtered cbmponents. L  '
ThetbEo•re, in ordey' to in'vi stigate thd : O'O :7ii;9,lec.egle)

       . ' .. a) Pla, )iing Density as iheinput
Sreque'ricy resPonse charscteristics of thb

thrdshing device, the tzme series cor!es-

ponding to 4o cyct'esi L6f the 'above-mention-'

'e' d ' viave we're spec'tiaZly anaZized.' tehe

resulSs arel' s'how-n ''in Fig.-3--16. From this

figure; iE' Was fdrnd that only the compo-'

nent of O.2 H2' of lthe Etuctuating

planting'  deh-sity affected the fxuctuation

       'of ' the cYlznider tovrqde. tuher'e'fdr6, the

exÅ}'stence of Eheif'utterzng efEect of the

threshin' g 6Yiirid6t was velrsEied•

       " ' Th6i'o'peratSng' p`erko'rmance of the

UPOn not oni iy-the ' ëhahges in the srnoothed
he flueE'uaHtingtfeeti''EaEel.':'1 Therefore, in

            '

e

r•=

u

h
."C

-h

 tl{' :, o- 4C
    Tt me (se c)
b) t')mocfired cyi:ndet' Torque
     as the Ouiput

Fig 3-l5 Nltering

  Effect.of the

' lhreshing Cylin'd•er
i      'p ' ,-•- •  -t

colrepzrie depep,deq

eed =ate but also
        'rder tddetJ"e''i nzne f•



   Soects-um .o."ihe Ptaniing
     eens'ck as t•hcinpui
""---' ScD,f.tsltti,"l:l"i,•fC'SS.MsOl7',""od.i..t

r-' t tc [1.t

.T 1 ::

..v  :"

                           tv
                      h'Le9d' enc)e (n'.'=)

    Fig.3-l6 Power Spectra oE the Plantzng Density and

             -the Cylinder Torq•ue
                                              '                       'che degree of the fluctUation ef Vhe ieed rate

dzsturbancg when the combine was controll.ed

the naturgl EluqtuatÅ}on of the feeq.rate eE .Fice pl,gne

the actual field whichwas Eed into the combin .g.A ..

distanee of 6Om were measured. • `
                                       r- .r ' .                                       .-   ' The state of the fiuctuation of the 'Straw
   '                                           '                                       'ts shown in F"g.3-l7 ( a ). FroTn this figure, it' might

     Fig 3-17 ( Righ-t År
                                 ]
      Fluctuatien of the Straw

      Layer [rhickness Fed to the

      Combine A

obtained that the thickne$•s of the

S•traw layer had the average value

bf approXimately 20 mm and the

ran.ge of the fluctuatien of le -mm.
                        -         The power speÅëtral
d'enszty of the tirne series shown
                         `             'Xn• Fig. 3--17 ( a ) is indicated
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               . .tt T -e t-in Fig. 3-i7 ' q b''" i• ' ;' dih' g Ppl"a'L'[kiiia;t i.s Hz might resuit •Erom the

rupture of the"  ilt..{.,,a,w,1,'g\.'elr.,, ,ig.u, e'''t6' the projection of dfe''hr.k'''

plate of -the conv.:-.i.R.g, g.h. ain.I:.I[Th,a, t zs, usih'g the speed and .., ,.

pitch of the cop.ve\ipg chain of the experirnented combine, th'6''

:?:.cHulzated iregU'enCy g..g-.thes rupture of the stf?w laydr..tL,,,,.g,.s. .,

          Aithod9ri,1 htt -l"Eiile.,ig'.i'ye4.e.y.I.g,f .the fiuf.ty.a,giQ.n 'oi'L ll't,tle. ..

straw  layer due Y.o:. g,Pg,.pl,,g.nt.,zlp,g interyg,1 of the rigg,plant

in the actual field with O.612 m/see travelling velocity ''
                           .J .-t
was to be 3•2 Hz, tpe'-p'' e.,i,",k,iliL''t't/IhMis''fig,g,p.enÅë,y did 46.t' appear.

mhis might be due to the fact that be 9,9/Ri.:.Se...,O, f...E/:UV.tXng tWO

rows the fiow of r ice pigp,tL. fgq,.,.,in.t9,. e.h,.e ..ÅëOt[i.]?..,Z'n9..Y.9.S Srp.OOthed

in the conveying chain and the ruptuxes dtlie to the plantÅ}ng

intervai oE the 6rop.w6rer' 4,i,tl'li'/ti'l,,:i'ih' ':EIilieil.., r.ieS.u..,iti.st ii'he remarls.T

abZe fluctuation of the feed...{atg. W9,F,.,Rr.Ot ObS9rVed M the

intervaZ of 6.0 m, and the fluciuation oE 1 6 Hz cou2d be

filti-ered out anct , hidden by tp.e"ab6ve-mentioned ft!tering

effect.

                Ii' ''-'' l' t' -1'2 :/v -'

             Lt' .; :-. ..:.'t' /t .:- 1-L till . '-

            L:. :' Z:"IL ''- .'-

              /'- 1'I 1''t tS t Ltt .1 :tt t.tt Lttt :'T t/ Ht i -

              "...''. .. .T 'f' : L ..- v. ':. .,"'"-'u

             -t `YJ r '" •;r .' E•" lt - 'L-• - '

s
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3-4 conciuszons of r Thi$ :'ehapter'

          comb-ne`has the'cJomplicated dynamze eharacterzstics':

of the load at each• functi'enal element', especially. at the''

threshing cylinder•JIn this ' chaPterr for the purpose ofi obtain-

ing the fundamental knbntedge requzred foas the further"-•de've!ope-

ment of the combines'Sudh a'S''improving the fa•tzgue streng.th of

the• functional elethdntS ahd the function's themselves of the
                                .elements of the combihe and le'onttol'1Å}ng autbmatically rtile•c'ombine,

a senes• of expetzMentiS' of tte Weste'rn-'typeL" sniall="MiCe•coinbz'ne,

the threShef oE head-feddzhg fypb and 'the small"icombine'of 'head-

feedxng type were coriducted anaL th'e"-telatxVe frequency' diStrS-

bution cuacves whiCfi -ndidated ' the ampZitudes of the fZuctuation

of the torques of' the functienal-'elemchts, tihel Sm66thea''fluctu-

atÅ}ng torques which EePreschte'd-'ehel'tt''rends' 'ot'•Ehe`fludtuatibn

                                            'due to the uneven flow• 6f rice plant fed into the'cornbme' and

showed the existence of- the cbmPensatzng functzon among the

eXeMents, the cortelogramS and the pdw'et $peetr'al dbnSities

which revealed t•he f-r'equencies of the [ftuctuatzbhs of Ehe'torgues

Were computed and diseussed- for .the •indwidual-irtacHhi•ne"As a

result 'of these exPe='imbhtsr and diScusSibnsi- '-the'' fbllowin'g'• I•

Were obtained. Eor the Western-typg Small tiee':dombinei•- '-"

l ) Accerding to the'iicelative freguenay •-distribution curV'esr

it Was FeVealed that the totque of the -thaceshing cylind'er

flUctuated over''a' whdeiicange but the aistribution CurveS oE

the engine and •ttaveni-ng'''cotinter--sha'ft wete noic so "wide and

aPProximately' n6imal.' - •) '-' V'' ' •-''• -•'
2 ) The smoothdd wave's7'of t"tie flu6tuating terqdesT''siho'wed'that

the thrceshing cy.linddr torques increased ati 'theLin'terijals of "

1'2 sec to 2.s sec, however the engine torque dzd not so
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       'increased and' the traVelkh'g torque decreased at these times

on the contrary. This seemed to shoW that because of the gr'eat

mass mornents of inertiaL' of 'the mam.rotat-ng parts, especially
of the threshing cyli'nddr oi'  the •experimented combÅ}ne, -the .

kinetic energies efthese'"Paic-t.s compenSatea tihe ;nstant-aneous

incxeases of the leads at-rrthe''threshing cylinde•tc. '':'' ,'z

3) The ranges oE the fluctuations of the thresihxng cylmder

torgue were wide and tneit'`-fteqineney distnbution durves were

appyoximateiy normal at the'[dw feed rates but skewed at the

high feed rates. !t tS n6tetho.r.thy xn ease of desÅ}gn-ng the

cylinder shaft that th.e inaxiinriM torgue' arnbunted to 6 timeS as

much as the mode at the -high 'feed tate.--

4 ) The fluctuation of the cylznder torgue might be caused

by the free vÅ}bration Oi the cYMnder shaitr;theJcomplica't'ed

system for power transmission" in 'tnb 'combineiand the intnteate

external forces throu,gh threshing

5) Although fer the ligh•tload the force aeting upon the

eoncave was fluctuat-edtb•y the teeth of thereyl:nder and cbn-

cave, at the heavy lead th'e 'frequQnÅëy oE the fluetuation

reduceq to a half Eor the 1-ghic load, This phenenienon seemed

to show that threshing grainS as •we-ll as cutting and pres$ing
                                  '                        1-Straws •were carried eUt- at the fzrst eolum of tne cOncave
                      'teeth in case of 'the iXight load, but for the heavy load the

flow o-f rice fea iritoi;Efie threshing device wa$ changed.

         For thd'he' adiil eeding thresher, the dynamic charaqte-'

riSties oE the tdrqUIL's- ••dfthe main functional elements w.ere

diSeussed by means oS t'h'e"'frelative Erequency distrSbution
            ''eUrves, autocoyrelation functions and pewer spectta e•
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qnd the rqeving aVeFage MetliQd. The Eollowing results-we.re./

obtai•ned. -. •••:i"n•/-'' .:" .-'r,:- •...: ..• .•,-•:•. i;•-

l ):Thei maxlmun. va.lue."QE,the threshing eylinder totque of the

head-feeding.tinreSh-er. was ij.#om, !.5.to 2,.O tzmes oE Zts mQder, i.-.

and the ,cyUrn.deyL' torquq of .the -head--Eeeaing thresher dzd not

          '                   'fiuctuate $o heavi ly ':' as t• he. cylinde•r ' t• oxq ue ,o.f , Che W. estern -- .'
                             - t''
type. smail nciee-J c- ombine.

2 ),' As th.-el:re.s.ult-o.Åí.t.he, pewer-sPect•Sal analysisi the distin.-

guished• •freguency'r-Qf the,, '. iluÅët,uating.'S oxque pf t-h• e t- h• sceShang, ,.

cylSnq. er Was J•ab.eq.t- 5 . 5 H.z •. an d• •.: t- ho s,e of pt• he r• s abouti ..2 0 Hz ,

i•nd•ependently of..-l-oad.., scqspectively [•P-he$.e .fluct•uatio-ns•;oE;.-. --

the t.o#•qqe.s seemed to be."peeuliar ones ofi the expe' rimented

t.hre.$he.r". .. -- .•,• -.• .- . ,- '- ,:• .,,.•-iJ •• --.:., :.•i.,-. ,.FJ,, '..1- ..

3 ) By, .Silt•enng the. a-bpve--mentiQned Åíluqt.uatig,n.s..by mean$ ..,' .,

of the -movin.g average meth.od, frorn the original .osczllogram$.

whzch• wa.$ reqoscded..to.r-,feeding b-nded one-sh- ea'i, the transi-

ent• f'luctwatio•ns,of ,t.h'ez.torgu.e at theL.beginning, of .thr.esh: ng• .'[i--

wqs d•isqu-s$.ed-and the,fol•low;ng result$ wet-e obt.amed- -. .. .

  a,) Th.e. t:hreshing tQ- ygu.e •Lreqche.d. .tbe•maxim.um .val.Eue.when/ the

b'Mded• sh-eaS w, as iconveyed. w-th-i-•the feed chain Erom the portion

Of !14'ofJ Yhe cylinder length. ••This. showed that t•he threshing

OPera..t,ion was al•mo,s•t' Einished,•,•betw,een -these' portionS and the

PaM,c.i.le-•( h-ead )•was..'spread•',a[nd••.,tihr•e$hed gradualXy .,:. ,-L-,

 b' ) rTh•e .mo,-x-mum va:Zue$. •. o•f th•e..threshing cylznd•er .tQ-.rgues

CO'r dnyied nÅëe plant.: we.re.,qb.o,.ut J.5 kg--m and continuecl for O•65

SeCr and those for green rice plant were about 2.0 kg-m and

e.95 see. This showed tha•t it was more difficult to thresh

green rice than dried.
                                                              ;r
  e ) After these maxirnum values, the torque of the cylinder
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decreased to l.O kg-M fiOr"d' 'rl.ed -rice and l,5 kg-m for green rice,

and •these 'ValueS CdntinU'ed untir the bznded'shVe' a'Enwas.•transport-

ed tothe end of the 'Åëyli'ndet.':• .' ..•}: •',z •: , ;-.. .-

;' -d )• Jdehe E'ttotqud'- oi' i'he sUPPIementary threshing' cylwhderi• fans'

and screw• c'onvey' e" r" Sh•afts d:d not almost fluctuate '
         -For the head--feeding tiype L'small- 'combiheL,I' the',f611•owi'ng r=

s•esti1tis -we'•re Obta•i•ned.-:.!-' •;'. ''' •,. •' ''•' ' r' '.: .,H':. .'it •.,t',.

I PThe':".Lrelat:iva••EregU•ency dist•r-butiOn- curves'of .the threshmg;:

ey;.izi det torque wev.•ei•a•PproXimat•el•y 'nortnal• 'but'?th• e..disixibution

cnurije•s oi'.'tnd•'--engi•ne an'd travellÅ}-ng 'sfiaftS wete :':skew. vi r :.t i

2 ' )"IThb'[. re$"Å}--'staTiee oE .the stnaw•: of 'the ricei•plant 'toJ the 'thresh-

i-ng cYIMdet' WaS faiic X•Y •'large i•• '•- -L` 1 • 'l . ': • ]:' 'i - [' , :t ":' i• ; -. ': ' :. •..i' ( ':r

3 y)- The •main '•aoMpOnents' Of:the 'EluctUatmg''cylinder torquei:• L .-,

cOnsis-tied of t-he totcsiona! vzbraVibn]:'ofi the A:6ngine crank sha•E-t,-

                                                              'iES. 'harMOn•ies •and Subha.i'rmonicS• and were• neti•like!-Y• inEIUenced
                :                                                   '                                  'by the thfreshing, cenditXons. ' -''.. •- :x':r':• -. v-'

4-)• ••pthe::-Elltetin9'[efieHct ofi the thresh-ing,devi'(ett'o' the fluctu--

ating Planting density -waSr el-tirified. -'Namelyi''"dnlY iih'e'• dQ'inPori'ent

of- O]::2'•Htz' '•of the 'EIUctuating planta•ng "den'sity; 'na•Efected-the Lri•,-

El• Uctuation'of- tlEez:cytinder.terqtie..., . h u'' ,. .. '- , ' 7.-

                                                  .5 •) 'Remankable fluctuationLoE,.-th'ibkness .ofithei•straw layer ' L'

flowi-ng'intO 'the combthe:w''as:-nbt,observed "f.'or' travelling-=

distahee oE 6 O m .and the f!uetuation of 1 8 Hz might result

fro• rn i• thb ' vuP tu ices ,- Qf -the 'straw - layeM - due to the •'pro] ection

Of the '1ink p'lat'e' olf the conveying chain

        .11t ) '- LJt Tt -: -. tl'y t; itt t/'t J .te tr L:/ tÅ}t / -t. .ti t[t #t ls -' .. t .:.t

 Ht '-L --/- ] '- : a i.:Tittt. tli't it;t lt. JL L' t;i \p .'t :' tpr.: . tJ :. . : L . .t /r:; .- i' v/:i

                                                              =.
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   ...• '•-• •-'' •r .'::' •CHAPTER-4i-L;.:t• i-i,.'i .. ,•,,i, .--•,:{

                    '           FundaMental'"Sind'ies of Travellirig and Vibratxon

             , i' -- •-'t'Ch['•ar,ac.teriseies'•bf;iEhe Åëombine Lj l:"'•• - '•i':•••

- • 4.1 Tti a'v'e l,l ing 'Charae'tei)ris t'i 'e' s • of • the -F uM -t rct'Cke d We'ste rn.eype

    .• srnall Rice'CoLmi)ihei*:L- •= =• "]-;,'• '. '• - .. i.;.-'`,'

            !n Japan, it is necess.g. r\. to decrease the ggound contact
   pressure under the Åëotnbine bedaus.e x' t. niu.$'t. ijtr. gp/erated on the

. soft field for h'arvesting rice. Usiual!y, -.ground centact pressure
                                            tt -.. 1; which is ihe vaNe obtaÅ}ned by divriaSng' che -weighE of..g.he ',.

   combine by- the 'ground contact ancea tinder its tracks has ,been
   used. However, the aetuai eontact pressuy6' 'is.qtr.f.ig.er6i t,,l.s, }'din

   the ab'b've-inehtione"d value.• That is,''t'he-'}•:'6ontact'presstire under

   the track:s •riS varied byl 't•hb weigh•t d•ist-ributibn-:'Jof the eoreJtvi•he,

   the dynamic behav.Leirs sueh- o-g :pj.tehi.hg- and rollingpo'E th-v= conibxne

                                                  =   kbdy '," a'nd the soil codthL.;6'i '-on zzh•ieh•'the:comb: ine .ravJa,.':s,.ttL )' '-"i')

         -- 'As-tnentioned abeveli• i•Vias tt.eeeSSar-ty to;/'aecrease -the•: 'L

` grOimd'•eo• rtaa-t •Pre'ssure'`,; 'So th'ei''Erav'e'''ll• ingL-'diVice•-Must •beJith'e'-•

   track laYe-r sy•Stbm•.- 'Th•iS•Lt'rack:laYer sy$ifern'''iand ehe 'redirptocat-

   ing 'elementi's'- tsrieh as'the s•traW• raek$'seein t'e' make 'the' e:o"rbbine

   traVelLl'ih'g::`trot •Smo'bth. The-ehara'ete-tli st'i dS 'e-f'-'-the 'traveZlitn'g

   torqUe•• and" 'the aeeele'ratioh ofJ'•vi'bratio'hLbfJ -th'ei-•'combme we-r'e:'""

   spedtic'a'1: 'y a:nalyze'd 'and""-th6 zntert'e'lattroh between -thein- -w'as:• -'f •

   reve a'le d, in thi s' sectaon' i- .•t t.r •:': L' ..- IL' '. "'. 1'• .:l •'.; -: rL ':' b.

   4"l"1''Distrz'bution'--patte'rn of t•hd••GrbUnd- Ci ntaet Pt'e;s' sute:'•'' i-"'::"

       L' Undtsr the'CombSne:' •.. • -,.,' ."':• :.'. '" ". -t •: ',i ]',."i/".•''

                                                             '           The-Method's-•used in-'the-paSe 'fie' utmea'suring'the ground

   eOntaot pressure dist'ribution-were as follows: to measure the

   Vertieal for•ce'ac•tirgtu:p6n.th-e'•traek-sh•oes witli- sticain gagesi)',.2)
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il,,/blO,:.:9,Sig•:•.,,,:- ll.,.:5f;.:U?r,i.gi:}.,t2Z.,::l.l Pie.'.IY. rf•;ggl,lf iazd

.,.6 '..s'sX g,:.S:l• l' 'kf, P,]/.1 .'i,lu6"g:::}S:/l.i.I ":e.'aGI}11/-,.8..,2i :l ZF6Xg,l ':::fi• 9pabx-"e

Fig. 4:1• [Clie.}trll..kS Weld9fl.,Op. t".e flat..shoe I?iate,..weFg. detached

'Eh,e,i/,oli41/lti.I,1.,ii-i'uLul-LTi,'g,c,g•,.:i-Åq-r-,,,g!t•,.11//ll,i..eS'Sl,llZlli/:.till:•lgi,//,?Fo-,d,,,.

                       'and suspended by tike 6xtended pins hoided • X--Npt-

                                             "by the pin-holaett's' 'L ati the ends of the shoe 'i late.

klhen the t' i. ac]Åq xe!lers r,ol led' ,gveF the'Se Ut,i,rdVI''the extended

pins were ,ben' dedr so accordthg to measurÅ}ng the sEresses caused

by this bending, the vertical ft..rces could be known. The contact

$urface of the shoe of the experimented combine] with the ground
was not flaE}'  and therefore the contact pressusce distribution

undex thzs. tg,g.,gk-sb.oe.ygs,,.n.o,V. un#..O.{.ip. r-.,h9tL..e, ,Y.er,.i.,,t.,,.W-'.9S.,.aSSUMed

        'to be uniferm. With the rn .igir.o-switghes the positions oi the

measuring. shog at. whieh ..Fhe.sAg"g began to cop,,Fage. and.fini9,h.-9,,,d

tg.,.contact nt..Yh gF.g..unq ,fiyrfaee were ma.rked, on tne oFcilJ..og,tla.p' h

9n.q, Fhe fiucmt.uatign g.f. Vhg, ,v, ertical Eor,gg. 9.9!,;Rg.....U-P91,.,-t..,h. iS,,.ShOe

ig.e,tw,e. en thgsgi,,. positii-g. .n,fi..,.gafi,,cop.E.=qg.rg.9.],g.,s the .g.oRPa.c.P..,,p,,F. .g,"E.SUre

di fi,Y:,ibgti,on pa-.Ytern t., 4, y.,"tl, b.is .Flmg, ..9he ...t.op.ques a9.. ,,Phe. Stp,y.giiing

eO}l,PteE i tlfif.,,t .//,p..d. 1 tte.,f}.peg-.ie.r..qtA.f g.r?. g,E v"b#ation .gt .Yl..g,,Fearr., of

t.h .e  combit:e wg..F,e .mgaSuFeil.• ., .:•,,L z. - ' i'
 ,. . [Dll..e -fZ,9..L,Sl,,. ii.F9.d f9L; trl.g experz;nents were tl}g. s..a.me as ,,
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Åëests LNe.-.•,6 and 7 ( See.Tab-Je/2'-2 op .pag,e• -ll ), .Becau,se the

                                   "                -ri,ce•plant,to..be ha7rVeSted• W.ere,.l•pd•ged•-TpeFfectly, cp"tWng., ,.,.i.

height,ranged frOM 7 CM tO'35'cm:•.and was 1•6qrp•on yhq,.aveF.,age.

The soik.in th.e' experimeneed•pteld wqs siity.loarp.. The sQll.,,.i .

pyes.sure distribut.-:On pattern wer.e.'meq.sured on th.e ,goft.and,

hard grpund--qQndi-tto,ns.• [rhe speq.fil.qq..tio.ns.ot-.,iche. e.xpe\..z.m.g.p.g.ed

comb.zne w,ere given in• '. Tab 4. e, 2-1.ii e.- n• pa. ge 7i,,. ', , . ' -. - .,• . i,: '- - .: ev. . :• /

-1 - :. w. fln-Fig, ., 4-2, t• he ;. contact- pre. s$ure .disVmbutiQp ,- ... o

,patter•ns,,,measured by thq abQve:rpen•tioned• irneth.od• alny,d•,.,cQpq,4.t-ons

are• shown. pthe solid line represents the pressuxe distributÅ}on
          ... i.xi't'r(1]År;""'-.r::.----..:.....s. -i-,n :-

      ':'`' :'-' 'i'li .LPg9spggD"o•g4.be'.L`i; •:--i. i •-ti.

 - .f  "' 'LL-' "' ':, 'o.' '' '""i 'b '-
' r.I tl.ISJel[s'"`"'Nd'L "L ',.,,e. t,,.,' ' 'l60: li/L]i..-..

   ''7 ..', //i,-,o, .. t.,,,, t'!-'rd" lpnd ,i//,oe Lti'.,.i'1.,.,,,,,.

ny :1 `r/:,; ,; ;;.

  .` .: . Ei• g 4-.2.Cont:agt P!re.$.su-re Dis•trzbutlo.n, PatYerp.S-.,.

 .'•- '::. '. ,- .r,:;. •.und. er..Mr4. ek.$ •oi CoTpb:ine

on.the hardi'Llr6tind• q.rtdJ`t6e. do.t, it,ed -lzne•y,ep.T,es,epv$ qn. li•he sp. fl'

ground:•.These t•l•ines• .were d• raw. I.i -qp.. TJsi.{d,s.y..z:.n• g t-b- e,- c/ h. ange -i•n..tbe

Ve'rtacal• , fionce.s .a. cting:. upp. n-.th• e-• resQn.. st•sc.u• e;.CedA .tacack-$.hQe. •wSVh

itaine•.•caUsed by .t,r.ave:1.lin'g: -efi the combine as the geometrical
                                                       t                                                     -diStribu•t=on pf./ the conta.ct. prers,s.uxe !Dh.e. •re.tore,:t,he••ch.a. r).ge• in

"the' iV'e'r,tiÅëal ,ior.cei"under a t•r.aek--shQe.-•mighr ,;b.e' d-zfS-e•ren-t •frqM.

'the' aetual: [press.uEe/: d- -i,.stributiQn i•Jhtch.- ,ha-d- to be :.meas•u.red-• q-t

the 'same' tinie •wi,th•all vhe•.:tr.a.ck$hQe•s re.cpn•st.rUCte,d -#O:'L;.,,'. : ,-•

.
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mea,s"re the fOrCeS aS rt]9ntXqngd abthve. However. bec•agse the. .

average eontaCt PreSSUre C91culated Erom this figure was about
o.2 kg/crn2 wh:ich was aXmosV. eq. ual to the c•ontact pressure

calculated from the Weight and the contaet area oE the experi-
mented cornbine Åq n'ameZy, .Q,2.,l kg/cm2 )tthen the change in v4g. ..

vertÅ}cal force under eng, of the track-shoe$ might be cqnfi..;, qer-

ed as the iorÅëe distribution aleng the txacknyshoes. The puq,ssure

distrib•ution pat•te'rn o-'btained.by .thzs Met4p,,q... ,.w,.aF,,,simllp,r to i,.the

mfluenee line oE the beams .causqq b\, thg.S.,r.avelling load

sySte;q. •.i., :.- .... ,.t•. :. .=.. '.v
        From this fÅ}gure it was noticed that the maximum

presSuxe appeaxed under the front ,part.. of,,.,t.h.e..,,,,g.raq,ly..l•,qyer anq

tts values wer•e from five t.o six "rpe$.; ef ..th.e ,aver.aged eontact

pressuscet that is, the coefticient of pressure coneentFatzen

was from 5 to 6. These peak values of the pressure might be
                                                            '
caused by the fact that #he track-shoes hqd to deform the

                                                            'soil when it began to contact.with the ground The pressure
                                                            'tmcreased siightly under the eente lf of the traek lgyer Tl}e

aspect of the pressure distribution under the corubine wasvery
diEÅíerent fxom that under the tractor'  to which a drawbar i6hd`

                                                             ;was apptted2),4),5) and 6). T.his p4enornenon. might be due t6' E"h:
.e

iact that t-he drawbar Load was not appiied t.o the aombine as. '
l'

Mention'ed ab•ove apd t.he qenter of gravit•y Qf the experi/ ented

COmb•ine laid toward thg front.

        The pressuxe (I".stribution en the soft ground was .
                        -bSlightly smoother than that on the hard ground7)SAis might be

CaUSed by'the di-ffer.e,".,ge,. between sinkÅ}ng depthes of the track-

ShOeS !t was very impo.r.,ttq.n.,t tp tiniforrp tl?.eg pressure distribu'"'
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'e..•."paE'eetn' fbr ;thl'"d' grro'oa traf'icabiittiy oniithe ':'SoEt -grounv'd

    ' :''" ivhiefe wa"s "fi'o`:tt 'a 'e'lear 'keiati"o"nship beEw66n 'Ehe' posi'L-

               't.onS' oE:tihe Pe'art's 6f tih"e'LpfeSs'ure digVtribULti6h' a'fid' t'he' trtti k

             'r.' lreLr's:'Th•is nig'ht be'Le'"aust''d''by'['the fa' ct 'tha't 'thti'"rPvessithre

ais'tipt'bu'tion' patte'ni' e-bt'ain6dbY''"th6' nieth6d m6titi'o'ndd' zrt' ichis

section-was' sizniiar't6 'the XnEi'u'ehce''isne''of tes'e' ttaval1'zng' '

io ad '- 'systeM' a' na : the ' dr" r' or w'i 's pro:dueed' in me a'sLus ing ' :tifi'd ` ip ors z --

tzoris of'the "ttaek;S'h;"6eS :sce'iatÅ}ve''eo' 'the tfain'e of the eio"mbine.

4'il;2L idharacten' sttcs;"of the TraveilztiLg morqtie' "

        The torclue of the txavelling counter shaft fluctuat--

ed at one thixd period of one revoiution of the straw scack

shaft on the Qscillogram .charts. Powgr spectral densztzes for

the torque of the travelling counter $haft and the accelera-tion

of vz-b.ration at the rear of -the Combine are shown in Fig.4-3

  , Fig.4-3 Power Spectral DenSXtMe$ :.-s,Åqr l. "Am-,
                                                1-t                                           M - mH .t-r            of the Torque of the                                          1
            Tttavelling Counter Shaft ( :
                                          n
            dotted line ) and the X.
                                           B
            Acceleration ( solid line ) ,Vg

The experimented eombine had thscee straw i
                                           ora6ks reciproÅëating at an interval-of ."

l20 deg, and St was .revea!ed that the

     vPeriod. Eluct•uation of the torque of the 'L:Zx
travefiSng cou-nter shaE•t bVas egual to

One third period of reczprocating mo'tzon bf

Therefore, the experimented combine seemed to

dUnng operations be'cause the great tuass svch
                                            'raeks reciprocated. That is, the •fluctuation

'
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t.q.yqg,e,was, .g.ssuped tp• iPe,zqPeiftO,.-Y,h9 Rit• gh;.n•g rp.gVi..g.n g,i,.t",.,e. .,

cetnb"ne.,wh+,ch' WaS 9rOdUCed b-y the reciproeating motions of the

straw yackS•,I P.-iS .W9,Sr• l• P• d';- C4Y.eg,,in,-.E,ig,,4-3t..Parp91.i ,ghe R,.9W- 9.!S

at• .thg, ".oweFiE#.9qu9,n,91"9S. -nCr9a,sed fg,IT. I).o3.1.h•-t.h.le.Y.yavel.ii.ng,

ypx.gue .gRq.vihtrati9n,..a. Cq91.e,ratdop!. Beg,ay..gp,v+.brf..tig..p,, ana ,..

p.it,;.{hipg p,i Yhg.. gorg,?,.xp,e. .haye ttlg ..undgs'ira]?,le,egS.eEts ,upoii,F, fhg.

opg.y4Ving p9scfOI.II.14r}•99-g,r, ,, stirengthc: d•u;.el?-llt\( P,.rqygUipg . t

pe,#gF. iT}?. ne$. 9. n.d., -Ft9, b...XU9Y ,9 f, . t",e,.. 90rr!l?.i",,9/ ,,, ,,,tP 9. Se , P, ,TOP.,leP.S.IO..,.4, ..

•pitc.hlp,.graR.d-tt.iip.raSi•o.n...Must,,.be. $tud+ga-ip Sy.lu.r.e.• - . -.,

     :•: 'l-,:.t: •,T;."L-' '.".{. `:]• ;' •'.."'•'-.,.:'.tl:.' •Li -.. F'tJ:1"L•. .-" : ;' ': '' c:.

 '' ft .sJt ttL .: IJ .tr :L :t t. ' ' t'/ 't/ .: .. ..' Hi v /i tt -- tt ,. 't irr Jl. ,l ":; t. :/- /'. rr :-, /tJ. -. , : 't .i

 .' , ' :'J'ttt..:.i. ', '. . , .. ' . -,, "', , '' -- 1,.:, l," i' rl t:.: :'"'. L.r ,'i'' i:.

  ,'. .; ,.. Ii i' ,.I ';H .l "' ".z' 1'. 'L.. '' ' . . . .,t''h. ' . .l..-i :.' " r '. ., ' '. .' H: :J.

  . ;",. ':J '' ]"1 .tl.i.•,' • ,''::,.' t;'.: r'ti ',/ "'r:.', Ir'1;,'1, 1l' . J:: ., ':•1.''"r ,..:rrL ., ..z":•,:

., L.::: L . -, L/r; , :''1 .]- ,:.- J:,. '' "," ,' .::; :1-,t ': :'.',:'"i . . ,.: :' --i": t. li ;-,' ;:1. ..

  ., .. ,'- 'i v.',. ,z'. .- ., -'' ' c''. :,.. "'"-" S, .: ,I" n '' -'- .', . :'L :t ;' '', '..

 -1 .'o L:.,. t. 'L: '". ". h:. .:/.'.''.'' .l ",.' "' , "f 1.: ':i Zi." ''.[' '. ..i.:'`. r'" t/.

  ," ..'- "L-:t- "". 7,' '1,.J' .- 1- ., ' : fL .. , ' , : '..,t,-;.. '. L. ' t.'J ''.' -':. r.- .' .e. :L " ,' .,;,' ' ".'r

   :- ttl ' t :hl-r':, ": n.t il t. t ,.i t, -t L- -.-t' --' vz'- :r . r-. .i- '..-t./ /': -r.;. .-I .i. r;t .:. t' /l rttr t;.: t t- t.:t L;it'' f.

       '1• '- ,;, .7 ', ",.. ''z,.`'..•'..: •:', f•' •.k . .1'" ..J II :r LL:':' "'-'År'':.••t. -;,' " t, " '::.]'

   : rA.. ... [,,za t. ..'s '- Jth .' t/ I iL. ';. ,tt ,'it. /./: ny ' lt t: L, ,?- /' I.. " m., "t t' rv.." :. ny -! -.' tJ :-... ' / "T t:ht /1,

   ': ',' '.'' i:. '. '..' .: . .. ..t 'll]x ., ,." IL '.:,. !' . :f, 1,t -. -T '' ..';Lt ... j., '. ', L. '' i-, " u: .1. ,.,,' ' ..." ;. -. ':, 'i:

         '.J. ".'L :'i, : -" ..p ' : ,T l l/" .L-J i'r. .;. '-' .1 t' Ln:M SFI- -.-/, :: L. .1'E t.. 1', .., :

  • -']"'' :. . •--1 L-•-. ,z,:-: ")=•.•, r•-. '.J -, '- ;•t: r't '.' I. uirl,: . .'-,
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4.2 Tr4velZing Chq-r4qtertstics,,[qf the h.ead-feedm•g Mype srnau, .

    CoMbine** ,,. -.:.=J-,zr,-i .' " '. :-

         On• the.tr.qvelling devzce of the smqll corRbine, •there
are number of ximitqttionsr •$qch. as the c-onstructiqn of th6

components,th-e :sptl.•-qqndSti'qn:s.. a•nd the case of- trunning ov, er

a ridge to mov-e l•ptQ.Vh,e ad;jq,ce.p,k. field. Xn thÅ}s sectiohi the

traveZling performqnees su.qb as, the ,pacessure 'distrzbution u.n.der

the smal! combine •oE..the head-Eeeding type qnd the charadteris-

tics oE tne Elu•etu.ati-t-kn• of• Vhe .traVelling lQrclue wiU b•,e. d•;i.scusT

sed- foif the puTpose cC•. d.ev• eJopling the desired travelling deviqe

required for the •small cQ•mbine. •The is.peie,i.f•i- .catior}s pE the:.e.År;peri-

mented combines were given in•.-•Tab4e,• 2-6.t- 'The. tra,ck..-.sh•ees ,p.•f ttt,e•

experzrnented c- ombines were ,,co.Me:re.pt.• with-.the thick rubber in .order

t•o travel stabl•:• Fox -tb.tl,, ..n,..eq.e,rs,s,,4,ti to,: ru,n. ov• er• ,-the• r-dge,

the dxÅ}ving sprecket-wheels were located at the upper and rear

position of the travqlli.pg device and the.take-ofi angle to the

ground suxface, B was larger.in-co,mpa-risoB wl•th that Of the

ordinary trqcked vehiclq .( .s.ee F-ig.. 4-6 ). Since the driving

sprockets wesce locatdd at the upper and rear pos-ition and the •

nUmbers o'E the,te.e.t"h•"nitb,es.e sprq-ckets, ygere smallr the Power-

'transmissi-on fro;p• the ,-s, procket.s.• to,•the qraw;ers. was- in•teymit-

tent• Thins the ifl.u...ct,ua•tzon pf t.he• -travelling torque and' so--the,.

                                                              ny                                           'flUctuation o.f thg. V,Mave.IJing veloaity,-m.ay- ,pqcuM.i The vibr-ati•-o-n

Of the small rice cott,Li- ne-might b-e cq•used. by -these fXuct-ua. tions

                                                    .Of. the t-6rque..-and•rve.lp.ci- ty.• J'r.. , L. , - ` ' . - 1•

        Al.th•Qugh t."h-.e.tr,qq.ked.,..v,ehicle has some problems as

Stat• ed- above,.,.i.V,..is. ne.q.t"is..s.qry,-.1 p d•eqrea$e the grQund- c•ontac•t

                                                               gPressure under #he.,,t.cq..rrip. ine,., ,,C.q.r,.,1..ra,vqUÅ}ng on the soft paddy
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                                                         rfield. The experzrnenied eomSihes had trie abOve-men/t:onea" chara-

cteristics and reguirbd th'e htgher power for travellzrig as r]'

tndicated' in 2-3i2.
         in this sdct-on, Lf6r th-e pinrpoge oE ciaicifying the

                                           'travening peacforrfianees 6f the hbad-feeding type'combine, the

                                                         'gronhd contact pacessure under the track-g5oe, fluctuations of i

the travelling velocitiy arid tQrque,t]ravelling effieiency and

resistance wiU be diseussed '  '
4-2-•z Distrmbution Pa't tern of contact preSsitre itnde2 ' 'th6 comb'zne

         zt is preEerable to me'a'sqre the vertical ferce acVng

upen the Sndividual track-shoe simultaneously. However, this
                                                  /tmethod was difficult because of the cgp,sgruc.9ien oij.,the travel-

                                                         'ling device of the experimented combines, so the pressure Cell
was laid Å}n the thick rubber coatLng of the center oc thi e tirack-

shoe lug.
                                                  i         The soil pressure ceXl mu$t be produced in eonszdeta-

tion of sensibility, measurable scange, dynamic chat' aeteriSt'ies,

direetion property, linearity, mount of deflection and e'a$e dE
construetion9)'10)'li)cll[fi) Fig.4-4, the soii pressurd 'c6su us'ea

                                                                '            '                                       'Eor the experiments is sfl' own. under pre$sure of o.s kg(grri.2., '

Ballstenius' condition D/6 År 1000 was satisfied, where D was a

diame-tetc of the diaphragTn and 6 was deE!ection of the diaph-ragrn

at the center. Higher value ofi D/6 resulted in lower' de' gyee of

'defZection of the diaphragm. Therefore7, the attentÅ}on had to

be given to the probleTrt ef tempexature dompensation of the strain

gag•es under meas•uring. The force-st'rain curve of the pressure

eell was obta-ned by laying the cell in the rubber coated track-
                                                              .sSheo under the sait[e' sitd'ation as the experiment.and ti- pplyihg'''tEe
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f..ces upon the 'p6zfitl b' vbflwhi"6h the"rdad'wheES'l wES tQ fo11.

zn this calibratinri '6'xlitii=rdb.nt, th6'ticaek-si'tiod was plaEedt.Qn the

standardized sand '"i'''':'  •'a : .'• r"•.,,. H  :•x
         pthe experttuents' Were darpted eut' 6n sanay !oam paady

field after haEvegting'viÅ}'tih th'e'-dombznb A•. In this field the

combine deprcessbdLthe'}sioilS')surface apProxzmately 2 cm and' the-

cleat track Printsi'lcodld be obse"iVed. ' ,...r•.
  • The distrÅ}but=on patt6tn 6E'the ground contact prdssure

under the smali combine iS :` ShdWn in Fig. 4-5 'i he •peak values'

                  '
                                  '            . ,. ,. ,i ,, ,..2• s` .: .pitci?rf=f"tlftii.h-otl..,• ....,.,:-,., ",-.r .. .., ,;

                                                       x                                      - -Ps,                                                       c          ttP "-" .' '" . ' .,' ", '. , . ,, .' 'tr sJi .'": .,. IL,
.s

-C

           . ;.'J .. '. ., ',. 1-. t-. .: I. -
                                     "  Fig;4-L4 soit 'i'• •' Mg'. 4L5' Distntbuu6n Pattern

          ce'rt:' J' Gr6und eontact
ef the contacE" iÅrreSslirle"appeared:u•nder eaeh roaa whee'l-

wheel ) eXcept wheel. Table 4•-l indxcates
  Table 4-l ch'ar'ae' terzstic$ valubs' of-Cbn. tact'' 'p'iress'ud b-

 A:Oia,oi ragm for'
  measur emc•nt•
 B:,ajihc "'

gt: ,Dg,,li-/7.,i?i•'J.:/r'g/f..r..,

.. E't ,D,v,,: lftli ,k,gctE,", ..

  -:-

  r`n"
,,' . ,, -..., •. ' l. '

 .- -,-l

 ') U
  rx •-
  g,i+9. •t-?,..

  '" 6i"

P-re$su•re

 ""('Å}dle#-

  the mean
 ''' e: kgy6m

]i:t''-V=L'  ,t.. ,

. Under the
` rear l. ss:
1

2
,)

t

l
l

=' •-t-- ,.me.' :"'= i'7-iik-,',Ei.li

. t.

w. I 2 hd
   :

the .' UnddT the Under tHe
ss'. : 3rd 'L ss'.

Average

Ns 'Iaximu:n'

IIinin)uxn '

St' andard '

deviatie,"

(R) I '"o.2-4shs

     t-'E.i]• ;V- grg-g•s•

i(
,ii• ,.,FI, iiii.

(R) i OL096     lu(;•')r•- 'i: ''q:1i

-l'L;1--L4u]--:di-------L-

l oL64s " l'' ol741 i o 7L7s I
                I.i. . 1..J l .,• `. . . O.8 L) 6
'i i.3i IT,ii "l i.o7
i 17.7 - 1.29 ,,'li•il .i.Ii,,,''i ,, gl'?il'illl ,11[g.l":11, i..i

L.L--9'-L3--t.5-L.hTL.[-O: 5-'t'L• - t.H.

 O.439
., ,Q/.i3T,.

 .O' .75

:.1.16 ..

 o.o
 "e.,16 ,

 b.21s

 O.370

values

i. w.

and

: idler "'lteel.

 thel` peak ea'tubs' [                  -.
unaer g'a" 9,h r.6a'aiwh. ebl, oE'' •thel,, tt tl gtoundit

.
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.o,ntact p.reSSgr9• P..ym, ,-b.,e,rS,.,,9g q,ata,.pt.ere 12 and 21 for right and

l.efit track shg.gt.reSrp.eC?.;V91Y• S.eq,,,,Y,g,g.ripg,Of d?ta WaS 1?Fg9r.,.,.

b,eqg,.p.?e tljg. gx,o,up.d g,o...pY,act pFg,,g.surg,,ag.ting up,g,,n t4ev.trg.ckTs.4g,e ']'

was,.rTi9,.q,FY,req•, .II,9W9•..YeF.,,-iit..WaS, 9S.SUM9d- .t9. 0bt9",nltl},9 F911E}b.1.9 .. i

                'v41 v, I.g, b\ ,,, ir}gr g- aF. I,..I}, g• P- .mp-• -eX tOg ,. Cl-9t9-, ,,, • ,, -• . • , ,-,, -. t.-, .. ,-.r. . :.••- . :v

                                                     '    ., . Total value oE the mean of Vhe ground contact pressure
"g."' illi27 kti.?6.2.6g,.g,,IF,his !"'iiU,'g, "-wag hig.hgr Åí.4.afi t4L6'-i'ndiaatg.6''

                                                          Lt- -t
vq;.pg..in .G,,he s.p,g.,ci4,c.t,tig.n: ,[Vhis qig.#qgep. g,.g. rt},ig4.#,b/e,T,due yo

                                                     .. t
thg. di#.fe. repce.,,g,f 1.b.,g ,.g,.,i\peri-m. enpal eg..pdiVl.op, s ,on .thg..,,,fi.,YgPdg..rq:

"zed .sap,d.n4bd gp.. !h.e.i#g,,ld...Of S-a4dy. I,Oqrp,a.S,.W91}..,.9. S..,.S.h9,,PP, Sil.iOn

of thg.,.pFf $FyF. e cgU•,..TP. g contgct..prgs.s=u, rg, ,..aj.. PtO.-,.kg(.g.m2 tge, Å}gP. V..

be cqy F,.eq. . Py the tL. # ugtion,. aS L wh i. g. P, thg . rnf.gtL .u4,p,g ,,. YFack: i,h9, e,, .. YaS

logg. y,.eq..,,.up.g, \peg.e.gdly just..g, ver.,,Y,P...f,,.,.?,.oll,ow,.., ;.9., ;F pP.,gÅ}g,,g, 9, S..pat

                                                       vghe gF.pp..p. d. copyagei R.refg..yye .} p.pt.g.r the rpaq w, 4.peli,., !. tL, p, ggd..g.rop

threg. tg.,.S.,.opF.;,tige.s. ,.ol,,,Vhg,me.ap. val,ue ir ay,g.F,,g,f,g,,ap.,q• ,.rg.aghgl,,-..,

six t;. {p.e.s.,. g.f F.k}.{t,,l.p,,{F.ai,.i.,g,},u.m• pehat ls, Y..h,.e g,}..a,.,?;irpgF.n gg.g..//,4.cient

9fi PF,.9, F..SYLF. 9iCOnCe]},Pr,a. 1}. ir.On.-9.il!9, Y,Inl, ?-. 9d. S.9••9r.9T,.t .,.•. • .•,, ...•"- .1, it,

4-2-2. qha#qcteristics oC EIuctuation of Travelling Velocity and

    ..,:,.fl?9,FqUe ;,i ,r..[ .: .,,.' -:-."z,. r-r.•-i -• .[..,.i-i'z ',"rtv. '.- .'- r'

                   L         VJith acespect to the fluctuation of the travelling velo-

city of the tracked vehicle, Lwow pbV.ained the velocity bf'a
                                                    '
POint A ln-.Fig. 4-6 on the assumptign that the crank.PBe.,and.. Vheum"'"
slider A ]comptt.s..qa 'lttitlne,-. .sLlidaj 'i qra.n...k rrn.. e,chanism12) . woelk6J 'haa., ,.,lt .. .

regardedthe pb'  ipy, A"q,s anl oyigin of a coordinate system apq..x-.

Obtained the velocity oi,the ' point O a$ the function oE the

angie ps. H.e...oP.vF,",peq,1.A.,g ,f..oi"ow.ip.g.,.Y..X9C#7F-P.,fe. ,1,eiOCLI,YY,r . u.

                                            .
    .v.=-Rco.gog,g..llt'il'vhl[l'L"ij''i6ogg:;,rÅ}liÅÄlt;-SllEiT;:lli;:-sF2-i`l'lÅ}2r, ,.,Il.:Silllii,,,',, -.(L4'-,i)

 ' '. '/=. -": .]:.. '.:.. '; .r. .;,;-r.. .'.. E... "t .i.'- '., .= E,'[ ,,k -/'. 'IL i.L' il'[ ,.''- .t -: '. ,,. /. Z' .., . . . .':
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      where -' 'tu l. "' da!dti :: 7and" tr 4' •AB ''• L'- L -I Z.;"1 ...'. -':.. ,:i' .• !

mhus it May fatrly be prestmO'd'thdibreticdlly 'tha/t tihe traveili-ng.

velocity of Ehe' tracked'ivehiele f:u6t'ua''tdS. ':n olde't tol-:ve'nEy"'--''

this fl•uctua•tidn• : b• •f-- t-he tielbciEy,L•tihd acceleta-t,dipnrL of ; =bratÅ}op

oE the combine was measured with the unbonded strain gage type

accelerombter •( ')i'Ppel •dYnamidr-:rJ'ange of IO-ledg-, 'natUra-1"•Exeque'h'cY ;•

of 2sO Hz and 'dampih•g ratiO of:f"O"7' )'• andJ•ithe'viaVb i-f6im,Lo•f:the;'

acceleyatzon was ree6rd6d on t"h"e osettx6gfaPh ehaÅ}t by"the'•:-'

galvanome'ter with natural'-'freqtiehe'y •of 500 fiz; The--a6celeration

wave ' w4s'sample'd'  "at ifitetval oE O.Oe2 :g6a,'•the hlghet Etc(}[U6ndY

compenents above !3 Hz contagned. in this wave were cut oEf with

the digital low-pass tilter and the smoothed acceleration data
obtained were integrat-e' d'withr re.spect to tirne by the dzgital
                  t t-ttcomputer. These intiegtated--values-gave the fluctuation of the

travelling velocity. The Je' xperiments were caacried out,travelling
combine B on tihe pavea road under the ic6nstant and simple

                                     '                                       L                     ,surface conditions. Tlite .res.glt o,E •cothpt•tatiop is shown in Mg.

4-7. The frequency"oE- the: f-luetuation was equal to one ninth of

the angular velocity oE the driving sprocket shaft. [rhis
     .A ' t .t[,: t., .. t::. tv, i.L .:t ttz: ,r IIt.r .: .;,; 1 ,4 i:; :-., -1. L" ,- t:,

     NRLS

     '{tlPJ, i.os Lr•-:• •. •- ' •: iz" 6act-i :t•..•

     trJ
     .if;'OOS . . /' 1, . '1,. '.'. ,' i'• '' '' . i•- 'i''
     -t     I, l{, '- o.io

                   ;'-iiiJ'2.) (seL;') ,, .- '. ', •:.'"

   Fig} 4'-7 llluctuatt6rfdf r[v'ravellth'g'' kValocitY
  ;
          1'Il•• :- -: ' ('- bittiian' v'e•16d'itSr :Z; '•O:42'- m/

fluÅëtuation'-was diaus6d-"ilsSÅr•-•t•Ee !riterrpliitent

frOM the driving sprocket to the track-shoe

      v • -': - i/ z!'-" 'N
   ":i: •- 'r" ,., ' 're•..,'tS..'q"' '-.

                 A
 :;'.i''- .,J, l J . -- '1 "f' II. Z' :, .' ., ',

         i: Fig '' '4-6'' '" !"

g' e: c h5- "- JT- ]' ]Z :'s 'e eLion of

         Track Asseipb. Iy
  --frransrttissi'on of' PoWer

    sinae the number of

            -t
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tgeyh., ip th,IS SPF.O.Ck,9V, WP. S.,. ning•, !-t ,w.a, s, revealgd that, the., rqy.ig,. .

 t tt

p.f the maxiMUM. ,V.q the ,lnean vei,oclty..tLas,,l.l35 f,or the experlmenV"
 ,1 ,.t t.'4'tt '' l-j .L "" .L u.
ed cgtAtr.n.,:er,,;h9 flUCtUation of the travel!z.ng velocity has direet

ef. #. e. ct..s, upop,,vl.br.a,,,.t., ign of. thf,.,,gorp,.l.ip.e,- g,.s. . qzs.c, u$s.e.. .d , lp. tl .e, la,tt• er

chaPter.r "r.-. '
  . i,,,,.,• ,,-T49 tOnyg"e 9i the dFiy3R.,....fiprg.c4.et. shaft- Eluctuate,d at

Che ,, F9Me ., ,SFe gUePE Y aS 9n 9. P iP, tL b pf- . tb. e, an g. u,l. qF ,, vg. loci ty ofi this

'shec t, ., The g, .. mE, I.. l. ,Yyqg, s Qf Che , C l,uc VuaV, .ipg., ,tprq,u.. es oS t, htt, qrl, ving

s?.F.09k9,fl, Eh9.fl,i, ,9, aP..be indiF;f,.teq.,by the. ,rgipY. ;.y, g frgq, uepcy .,•..

dist? iP. },l,,t.....".Ol,l.,. CUi Y9,,S..9.F. . Shown .,"n FÅ}g• 4-8..1.F,he E.?g,rvml?, zng. .Vrcavelled

 L. '. : [.', :-• . •:3'O ''71-he comtiine'1,4'"leicci.iy. Li."- o3nt7sie: ' ' "' - ' -" 'L-'

                        Totsque in avet-a.ai' ri.tiht S.S9ftg-M
     , i- •:.:..- ..,.;.tL'.' -2o ., .• •.--Lef.t e•(q:••..• r--h-, E:. : '. i.• •.Li•r. '. ,/ J. •i,

  .. n.. ; :, ,...-' .'. ,L. /L io 'SliVht'. L".er ', ... '{ '

                  tr- •                  v  ,• •-: ,.,,i,.':•: uV' L-, i- .tt u. o iL m 20

                        7he combEne S. Vetoafibr O.3S mlse•.-.
                         t L:t'ilU:' !t] Clt,etVL-.:, rt...'h t, ."...., ; t• -=rr,

                                  tdi't• 4....7.
                            'L lj 'Ft' Rig' ht

  ''- :''';' ::[".•:' ' ''' ''L ""O'('' w')'-r7oi.[71t//: "ty.-l,iSY f'" 251: '1 ,"• t:. .J.: J: ." '::.'';thg,': "t••

    ' 1 "" . .. ., :' t-. =. .;. .: t' .1 `z: '' L:,. rl" '.::, ' ', :-:Vt, ,. 'v "".. :; :,- .i'-;
                        -. Elg,::. e-8 R.e,la..tzlvg..,FF,g..g,.yen.cy .of T..prgue of Driy4.ng....,,Slg.,r,.oc]sgt .: ",.

   .' :.•. ,[l -' Sh:aft.z:. •T'u- • :. t..,tt, z• ,/• •' '?.:':':.i ..r ,],;,,.:.rl:T.,:: ':.. •:, u,.

OP sqndy loam ,paddy field. The m.aximurn toxque wqs of t.wo to

t".,r.e.e.., tIM..eS. Oij..-.S,i..h. 9,. rrl.E9.I.i g9F th,e. ..,,qOT[ibZii9,.A. ,.i..4d-.. -9.g 2•4,i Å}}9,-...9. ,-,, t,,,

tajtl,S Of.9he. rp.e,,a.,p, .,.S,g,r...S,.lg,.,.,gg..mb,ine ,tl• .Tbg pedes,we.F,e.,p,pp.rox.im•ately

O•O kgrti .singg, tk.e, ,.tL.,X, a..ttfiHm.. ,tr. s,s. ,.lg. p.. Qi p9W9-r •#F...pm• . t-h, ei-,dF/iY7ing- -. ••,

SPF,O. C#et .,to .ghg.,.tFqc#,.r,f hoes.: W,as,.,i.ntgaT.gl, rc,ttt,enV,, a.,nrq .Y...hqp ,.t.,h.e. tg..ygue

W.aS .not appli,-e.i,, P,.,tLyl.g.,tt,nJi...g,gg4- .gngqgerpeptm, ,g!,...Ybe,, tg.e.,..t,rh. .a- .n the L

SPrOeket with the track-links of the crawler. The negative val-{ifes
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      '
of the torque'imight' be caused by the inertia effeet of the combine
                   ..t         t- :-'t t"t tt tti't/htt"t ctt-t F- rt ttt-t Lt /-- /tl :' tltt E a"f
body when the pewer tranSmaSsion from the spro,cket to the crawler

was ipterPlfit,teq:.....L ..., ---,, {'•,• ]''• ' ' :: '' ' ''

4.-2'-3 Travelling Reszstance and Efficiency oE EndZess Track of

  " eombirie `' '- : i •'' . ?.-•.
The traveUxng perEorrnanc•e'ls conSiderab!y affiected by tightne.ss

o,f the endless tFagk. The e'xperiiTnentS w.e.re earried eut for the

             ttcornbine A to dlarify the effect /of t-ghtneSs,I oE the endXess

traclc to the travelliiig drficienlc:9. Te inqicate quantitativeiy

the degree of tightness oE the endless txack, it is desired to

use tension among the txack-sh.oes. However, it was diEficult
to rneasure the valtie of this track terision, then in this section

                        H.. ttigheness oE the tradks was indichted by tihe loeSe index ( lli I. )

                            ' ;.. ,.A ''1' J-defined as followS.
                                      '       tt t: tt: t e/t /-: t .' : -:tt tt .. tl . .t+                     '
       ' ' L. i. L L6 - Zt' k '! o'o (''P.t.6.t `" i' i'" "L :" ' ('4:'2 )

                    Lt ' •.• l:• •..- :. ,,L.,.•,."
  '
where Lt was the theoreticaZ length of the tighiened endless
traek aha'i:Lli"was the ieh6tA"''oELth6U iooFened 6ridie's("g'':itiack UndeY

3'2'ir:'g.:E'Ii.iO,81g'i,.,I'ki,.IS,;.2.Il.llli.,eg';;i,,'Jig.`11.i,i,O"I,l!l.g2\/l.i,,.I..g-:,.i,il',ll,.:i.i,ki.,,t-/fl,"6te

suppoited on the"S'th' 'i d"Ufidd'i lti" e ' 6othb/7' fie 'tthasslSli 'and' ' l' dieai Ehe

tracks andi whete""th6 6i'o'fubl'n6 ticive'tirea':'oh'th6 h'ara'gandYibam. "

                                               'Let the av' e" rage toiqliLe':'"eortesb'o' h6i'ng' 'to the f6i"me'r case- b. et Ti

and' to the lattesc'' base be T , then the net 'running torque is
                  . r,                                             'T. - T. arid th'b"'e[f"'li'i'idh'cN y'`bl thei 'iiSilening aevicg ,is gxven by

           '•., ]• 'r.S .t•. :;L r'the following eqtiation•
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 .'"' .'' . ' '' '- ''- '••r:•, :,i" ", t i. '' '"' -'.',1 l' ', ".' ', fT .- ''1

 -" ,., ''e .,"'Tr''-':T'zi'x 'loo ';' ""('6erd6nti )''t ,Åq 4-3 År

         ' J. 'JT. r' /1' 'i "T:k ' :" "":"fl"1 .. 1' .. F'it !':' I.'-'l' '• '-•'V'

The relationshzpS between the driving torque 4nd the loose
index are giveill' ifi- Fl' lji:'4-9 xt was revealed that the idling ""

 ' ft .: ,. '' 'r :' 'L- I:''.l' :] 'i. :',l', L. 1 'r.' -t". , ' ' .i. .' ..'] . ; 't r. J.'z..

                        . 1.2n}!s•ec
                        i. C.t::"" '
:L'  '  -'"  .i "" '"` ''v'tL:Sl'iilllrie.lf;t-i...,,{ILi,,-q N, ....... te 'rL -' -

 -i.; L. :}'J• -I., l•. 'Z ,i t:;- 1it.. iil;., '1. . •. g":x,xi. ,.. ."' :. .. .1 ,: '• .. i. l: ' .' [r; .t . -Ii

   tr,',. '..'":' t9t- ts ""' '' [z. '.Vh ' ' .'.l ,.:. :.' ':., ':.'- ':T ,.''.;

             ",-.j -'".'.:':- --l i}.s '"
 : ..•,-, ,-.,Iz " [' "uil•t litll 'l.tluisc .t,tilb//{l..c:::) i. ,r':/ll/l'::'L'[:.l'ii;", ll-ilt lgliltillillllilosc,ioe.:.z l..) '. i,ti" :'rr it flr' ;. ',L.Ili:

 L'' r/,:." T" - ',. .-l" '(.'::;a' ),-.-,- x'n: .' .:.Li l.i, '. .-. //.Lb s: :[ r. ,, 1:..".: ,. . ..'-•'••,

 ::'Ji' '-ij-.• dii 4Lg 'kbi6sd 'inna6x 'ana NTo:r''gUe-otf' tiie 'Right;r 'C ti'') ant.

 ' ' r 'J'" T' i- .. !: ='i LefE ( 'b ") :' b}iVi:i ljLV s'p' r16 cket 'Shaft "' ' '' ': '1'L ' ]J '` ;l' ": l' ' '

tb'xqtie viaS h6f 'ailedteld by the citcum'fetent-'ai veuld'citY' '6fi"the "''"

$pr6dk6t ''in the tange 6S 'd'i4 m2see to i 2 m7S66 '6titih6 EEj"aveii'

                                                 t    'lihg:'Eotfque" shodied iFel Eeriddfi6y 'to inciease ag' 'tih6"'i'fi6r6isinij:T"'

ve' t'o'city. Thts wag dtie tib' Erie'in6r6as"6 of:'nie t'r'aV6itina" L t i'

xesi"SEancd as th6 ifi'6r55'st'ita'vdi6cÅ}ty';r H":6di'e:vneLi' 6"o{rf'tti're 'TS'dtirig

and trav6iiing" t61aju6s'werb 66'nsi'd-etti61y'affected by the tension

g;.::g :".g:::S.gr,gS,,lr. &kf:l,id-,l ;.,.vi,a,fig'I.,'it.fg,i.g.'Ie,d.Jghli :.sh':e,g;gl: igdixgiye

--r61ationsinps betwe6n'the efficidn6y 'ol"ttlgjt'i-lavEtiing devi'ce

ana ihb tigSth6sg iol-htEh6- t;'lrelckSsL:afeL:'Zi'/'''ndicated in Fig. 4-lo•

    Fig. 4-io'E'fi':'LS':'E.:Lefi6iy 6i' !:vi'iiatie]iiifiig'"='-''ii.'C '-.:'i3,',,m' fse'c''"

 '''L''' -" :'6dk}l.6- '"i' '•.F ""-:':"i .-'. L.i•'i".g,,,..tc., '7•e'"t.ts,f-.

                                        G•
it' waS thdÅ}cailea"'gtiat tfie Eiijhtness '6f'; ' {..""

;- 2b l"s'

  'tracks afEe6ted 'c6risidt7`iabi'y' '"tfie ' ' J''ii' L6"E:'s'e ,,,-.•.1.:cstl.År "

e
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                                                            .- l. ;efficiency of the travelling device. FOr the .recoitunended
 "                          tt            'tightnbs's, the "effi' dLiency'was 4o betce"hgL ]' "-• '"- '[• '' 'g

         The travelling .resistance rt ( kg ) is given by

                             '                                    "                                       -tt                                        L          -                                        '              Bt=75Ntlv, -•• (4"4)
                            'where Nt is Åéravelli4g hor-Se"ppwer on: the dnving sprocket

          t. tt.shaft and v. is 'the traVrfal1in-g Velo'city xn rn/sec. The values of

the Å}raveuzng resistance were measurdd in the velociey region
of b.4'm/'sec to l'2 mfse6' Eor'Åíhe' combin6"A-a'ndL" th t'he t6gion

of o.2 m/sec td O•7 M/sec'' Edr th6 -i'6mbin"e'B.'tuhe:'C:i'alio 'of the

traveii:fig r6`ststance Åíe the' machihle ideiijht:'wi 'i s 6'ib3 S6r the

                    .. Mcombine A and o.2r'for thtr c6"mbihe B''i"!{T' deatt'" rep6rted thit the

           'travelling thesfstah6d bE' 2s'track raye'il' tra6tdgs" bn the ' H'

harrowing field Wa' s app" i oxÅ}niate!y''e.l 6fi :i"he 'tr5dtoir Weigrit14). il-

rt was reveaied that 'the- traveui"ng ires;i$tanee bf' the dxp'e' Hizmbh' t-

ed combines was c'o' nsiderdbly' high:'iihe''n' 6t Itraveuing-tesLstan6e

was 85 kg or O.14 of the toti'al W'eig"ht'by e"aidul.ating from the

values in Fig. 4--9 and in thiS section. Thzs net- resistance was

a$sumed to be the net rcoiling resistanee required for deflect-

zng and flowing the soil under the tracks.
         The maximum torque oE both the right and left driving

shafts required for starting the cornbine ai rest wer' e 91.4 kg-m
                   "fOr 1.st veXocÅ}ty and 104 kg•-m for 2nd veZocity. Thes.e reached

6 and 5.2 tirnes oE the mean, respectively•

         The torgues of the driv-ng.spro,cket shaft reguired foti

S'teer-ing are shown in Fzg. 4-ll with the relativ.e firequency

diS-t'rtbution cu•rves. The mean torgues fQr s•teering reached 2.4 to

2.7 tÅ}.rnes of the •mean torques -of the drrving sprocket Eor .
                                                             Tt
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trav6uiig,l ?Lt'[i''"'y:,gs i6'vealea"'i-i"a'tF'dh6'''{orgues'L6f the a'i-i...g

            ' •' '-L la"le-Sl.IOa•'l/l-,]-UL. ,i-)'t,S.'ciÅÄrt.'i'/i.;,Zi`..!xJ...i-"r,.,y. i', •'. "/:1 J.: :•.-:L,':r: ,:i..•.- '

,-,-:-,i
tt•.,,i.• in•• i•L,2•l'•illii,;11'Illl/is,-,1'Sl.i.S,e'l•E2:t,i,,/Y/'l'IIS,'? ,.,,,•i,,,,,.,,FJ•...,.,,...-...,z

  .:•. ' g/ eti,,. ."]tt,.t/iit..:• Jute ...id......., ''• " 7L33. :'}•..i:::,:•L :r {i:,-:, -.....r.;. /:.[ -;

         •e   i ' l . Årb.ILi

  t' " -pY --         .::t' ,;' . " LilJvqul.. tkgi;i }')''.- .'.t tt' k J//: .'' ':'• '-.[. ,' "'t1 .'-: '': :.' f; H ts'

i•-k,.11i.i.t.l-i/'li•-i't-•il'i•:'I.ilui/"i////-E-,l,gl,.//:/ies•lei••ikie{,1111/hll,,,'lil•i.lii.i•i.11/ei//,l/•L-ii•IVI•'ili'l•'illil;iiM.,A-,g,:"t;

to decrease the ground cont4ct pscessure and to be enable to travel
lzl;l/-;•,'i••:--s.F.Z/•l/i\11:'g19:'e.,l-,i,i-i,,i•ki'l.il:.IEIII'i,f:Zligi1xl'l-getlikii';ysiiill.I.,Irii•'

   't-: t- le L ret ./ i/I, 'thll,:. ,- '' ' T/ ' .. t:r.: .' : t:' 't- ' I.. T/J 'r J/ ',-/ .. '- T. .g'
                                                      -1-
 1,. ' ,:i 'L ' ' [:. :. r::;L .': Z'/ . L.: "' '-. '... ,' ::. ,[-. r:. k..-:r,,.: ..',t :t ,Ht r.')... '. , '-.: ':

                                         .i -
  ' 7.. ]'.1' -: 1. r' •; iJ. "i/. "..,rL: .:I' ':rf rL •i; '.: ". :r .l"ly" i i' .. ' - /.. ]'""'

                                    '           "• .,'•'[.1'1'i,.. 'lii. :; '' z.- -h, r;I 1.":'•
      '                                  '
      . :". ,,r {:.' l. ,- :•' : i'.. ;' '. ,;' fk i' • ," ,;L '". -; ".1

     ' : .' '. . "J-.rg'r: Ll ,,. :. r'' •' :': .- ' " -:1'. 7•,": :';-:..L •J.'

                               pt-
    " ts[ tr t' '1/' -]L :. T.:I T:' 't.:-'/ ./'L "L .-, ': . :..-.t'./

      ,: .il•::. .. • -: ."" J . •.[l'" ':'•-.,. .•. ., "-I -1•. ..: -. ,FET,•t•

         J
     ' t r- A t t la Ltt t. tt 4- r- tT :-tt li tt tr /;t tl

                                         1' :v .).. ;/ :t]t p'1 ,. 'tt

                                             '                                        r ' . rFl ., ,': J .. t. 1.'ttt''
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4.2.4 Vi• bratiOn CharaCteMÅ}ctie.s o•E.the Head"feeding,ET\pe:•.

 ., ., r', .,•.S;rlall, COmb. Me ", •: is - , r,.- • •• .. ',e L, ., .-. .• -•::r

 ., 'f.,.•,. I'n -S.ec. ti.on .A'-l,-,.2t itit -was mdieated.that the vi-bration
   '
of .the Western-type, small rice combip.e. had the pitching.motion
t./

which•-•might be caused by the reciprocatzng motions of the straw

racks.20)',' 21) ''. .''•t ' '•.. 'J• '';,'.tt•' .'{ u"'

,,. ,1 •L-,'-: •. TheE head• -fieedi•ng.tYpe' c'ombmet hasl e•h-e travelling'ldeuice

of:•the endless, tracki ',arid. the complical ed• structure•of manyt:.'

                 rreciprocatin• g o- r ret•atxng Parts.such'as a cutbing.' .l-ftihg, ffthre--

shing, and,'conveying:devicesi•. Therefore, higher degtee bf vib=a-••

tion may•.,be'induced to the combine' These-.vi-bratzens.produce .•.•

vari.-Qus tproblerns concerning maintenance of the rnaqhine and

serious influences upon•-the operator offth,e•eornbine.

       '"' zn'' 'this $ection," 'for''"combut'e' ' B '"Vhe"' 'leading''eauSe'S O'E
                            i
vibrations .wiU be inve'stigated and the influenqes of vibxa.tion

on the operator and the opex,ating eonditions mll be discussed. The

princzpal specifications, Qf t.he.. expgrimented colqb"ne were given
                                  'in Table 2-6. The supplernentar\ d-es.c4p#ions of the'experimented

combzne are as follows. The 3rd traveZling velocity Was O.32

m/sec and 4th waS,O;52 m/seq. at.ithe .engÅ}tie:..speed-'of'l600 'rpm'.,

         The s7ibrations'were "measuFed by:the ;'strain--gage-type
                                           'aCcelerorneteacs whose, upper dynainic ranges'.were'2gt5g,aOg,,20g or

5Qg; These. accelero!tteters were-"placed.'on-. the. cutting ahd'i li'ftmg

blOck, .the -, ehassi-s i.oftthe ,combine body, '-b• ack.. test oS - the•';Seat ;

and thei pperavorfs --ba'ck. ,. The. ac• .eeler- ometers o• h t•he1chassas[W,ere

aS -ap.art.-,as. possible fk.orn th.e center o-,f "gravÅ}ty p•,E.- the..c• ombine

in Orde.rT•.tq '.dete,c•.t the pitchÅ}ngt, ,ro-lliing/:-or yqw{ing rnO•,tion .due , '

bO the irtermitte.nt:',p' ower•--t) ansndssion Erom the-driving, .sprocket

                                      ,
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to the cyaw,1,err•-•.All'.t-he.•..aceelerqrnete,1.s .co.U,ld:Yrans.qupe ,ylpe ,, ... .

aeceleratlo•.nlOf vi.b,ratiOn-tln C:hree. airectio,n, s,, ngrg.gly .Vhg yerti-

cal, longztudt7nai and transverms..e dixe.ct=.ons•,-The., rotaVn,gl ..

speeds and- the -Jorguest pf., the dri,ving. sp.gocket sb.g.f.ts were qlso

measured . - L. •/..i ••, ,:. ..,-. •. -'  .. ,i- /•,-. •- .. .:... ,.

        .zn orde; to- measg,r.e the vi.br,atiocn. un.deny- the grd•.z.'.nary .

,operatzng eonditiont the Åëembine -was 'travelled on the Elat

field.. But it wastrqv, elled on the paved road when 'it was ne'ce-

ssary to discuss the situation when trgnsposcting the combine,
                           'to make the travelling cond-ltzon sÅ}mple and. to avQid the absgrp-

eion of vibraVon.co,..$.qzl.The experimental, cond;.tions a•rg indÅ}-

cated in Table 4-2.

                Tq]?.le 4-2 Experirnental Cor?dit,ions

l -- Travb'l!ing l !'Iear}ured dbjects
i

1. 0n the field I stop

i TTavelling at the 3rd spced
i
i Travclling at thc 4tli speed
i

l CqmbinF bod}'
' Cut!ing and lifting bleek
l' 2:'A-}bf.e8',//2,x}::,se"t

{

2. 0n t}Le asphulEed

  pavemeTlt

i Travelling at the 4th spe,ed

' "rlth d[lving asles shlfted
  a half pitch
  ""vitlt non-shifted dtlving alles

l

!

Combinc body

     "thL--ll---- 4- -- -----]-i-ww--- ---1- -p-l-v-                 '
                                                            .                                        '         since the fre.gyendy and pha$e characteristics of the

COmbination ofi the accelerotueters gnd the recording galvano-

                                t+Meters were very :gtportant, be,fpFp, .Yl),e,.tra..velliT}g expeximepts

On the field or ggad,these chara.c,teristics had g.o be cl4.rxfieq.

by exciting the 4,ccpl,-eypmetgr,witlj S4e. sinusoid•al.tnput, oC.the

known amplituqe,•and frequqncy and icecordipg the output of the

aCclerometex apd phe- g,al.;anorneter, on th'e oscillogrph ,g,ba;t•

The sinusQi.d.ql, inp'ut hq.d the magnit ude,of P•,2g and .II).e.f;equeney

Of 5 Hz to 4.0,-e. uz [Dhe grgque.pgy.anct .phqse. charattY.e)is,ti.cs of"

                                            ,                                     '
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                                                      '
the instruments p.bt.ain-e'd by ,.#,his method' are indicated in E.-g..4--l2

The amplitu• de' ratiOq} .w,ere''l-•,Q,. withm the.',frequenc•' y-.r-a';nge' 'of

4o Hz and the p.ha-se,,-shit-•t.s. •were-great. .even at 20 Hz.. Th'erefove

when th•e vibratzQn. Ch.ar,.acLti errtisUcsL.o'E.hzgh'er-•. frequenCy than'

so Hz were t-o be dl$.q.ussed upon ther.iwave -forms onJ the osc-llo-

graph ehaxt.r the$.e"t•.fr•eg' u.ency Jdhara•.c- terz,sti.c- .s .h•ad. to •be. eonsi'der-

ed. • Ji' -' t . .1., ,- ,. I, .) '• f. •, ..' .. ,. ,.

Results and Discussions

1Analysis of Vibratzon m• C- omb •ne-Bo•dy•., - .

         The aÅëeelerattt. qn. data were.rspectr.ally analyzed in this

section. •The powesc spectra-l densr-ines of the. .acceleration of

                                                      'vib•ration dri three- ditections oE the'rcombine' Bi whieh travelled

ag the 3rd velocity on .the fiel.d.,a'nd'.ef which all elements' were
rotatedt are ,shown in Ftg 4-13.2?) '' 'L'-Jlt---•• - -
                                            '

    //a-=-:"lil'k"lqx"xNs s N

                  :',E T7-e guei? Cy {HZ}
                                                Freijuency (Hz)

I
to"i

o-e

vertica't---tengiJLudtZnat

liilt

--- :•ransverse
f l"

e-j

iLIilir•iii

l
ii !r}1,lt,1

e:-,t

/i7V'la,,,•

il'!:vi ,.i,1?i:i]il.;,S`e
c-

o-s

tt,ii,igLtniAil'U}Si't'`Vi,)--t

e2o4o'6eee
  Fig. 4-l2

Mhe peaks

frequencÅ}es

nents wiil

Yscavelling

                       '                                -h-wuHn---                                  - N--n..------
   Bode Diagrams of Aqcelerometer Fig 4'L13 Power

   and Gal.vanometer Syst-em ..-• Spectr•a o-f llbration
 of powerp Qf- the:• ac.cel• era•t•ion• were• ebservedlaL the

   Of 5, T '6 HZ, .i '52 . Hz ahd at the ix " multipl th'ed.

At iirst•i tbe,low freguency, such as 5 - 6 Hz, cOmpo"-

  •be dlscus$ed.,.As menti•onediin• secti•on 4-2-2, the

                                                     '  ;elQptty od.,, the ,tracked vehicle was not constant



aqco.p.dipg t.O.g90I-qe.Yr;, ge.I.,,,9LnaXYSiS Of kinemaYics pfT,the endless

tr..o.c4 . ,.T#,erei9F9r.,.th9- .P.e,.F.'i'.Oq" .Of,Sh.e iluctp{ t.in-g yelociyy can,

pe g,qlc.yla..ged 5rom Y.he value$...of the ,i ngulag.,ve,loc-ty,igi the

d4vz.p,g..s,prQ9k91., .and ptteh o-f tb.,e L.e.,p.dles$ ,Vy.ack. vthe4.the co-mbine

trave.rl..l.e,d a.t 3rd .: elo, city, th•is Rer=og was....6 06 H.rz, s;nge the .

drivipg sprocket had nine teeth. Narnely, the peaks at the frequ-

:eg\.2t:g,-'e&g:;i; Flgi• r.3/Ti3 WaS d"e. to;. }.,p.. g. #, .iyctuation of th.

      . I.XIYI}Qggh. with .t.h.e qnalysis of kinematx6s of the end-
     '
les.Q t.r.ag,,,tL s...the -Eluq,-tu,,aVpp,, of the travelling velocity was

presumgq,,.to be in longitudznal direction, Erorn Fig. 4--13 it

bgcgmg,,, gbvl.ou.{ that there also existed the lowett freguency

cpmpQpe,n.ts g#, .yiPratipn 1,p vertical and transverse directzons.

Thi$ .lgw-e;'"ye. ;ptcql,cQmponent of v:bratzon might be caused by

the facY .!.haP .Yl e, gnLd.e. ,r ,FoUer in the,track assembZy was. ra•ised

q little yt.trrh, the upper $pxocket and then pitÅëh acclerat-ons .on

the copabi.pe were,pbsegyttd. , ., ,
                                                                     .   . ,. ,,.,. The experSmentgd cQmbi• ng nad independent two drciving

sprocket s..bafts. v.Thieh. yerg, copnected V.hpough the elutch-brake

Steering systerp.. Since. t41E c",g.t.ches pf Yhis system was a jaw-

tYPer .the t.o. rque, wg-s., ng.t a",w. .i \s .tra"n. s.mi,S..Ye,d-.,i,n. phase .trom thg.

right and left d.pt.v. g..fi.,.p.,..,o,,.eket.,.t-o .t.he .4gh.t a-nd. 1.e# gi ack,rshoes

aCqord.;ng.to.. tbe,.,s,ggPe .p.i.engag-gment ef.thes.e .c-4gtpae$•Tl}e .

PeWer $pectra oE. yr,iPrgtÅ}on oE.-the .co,mb,ine corres-,pQpdi.ng t}g .tl,le

aaSe where the phL.4sq., d"ff.e,..re,ncg. of.engagemen.t .,ov,E, .Vhe .Spr9C, K....e. •Y,

an-d the t#ackrsh.f.e .b, eeweg..n,,gh.e,. right anpt lef.Y. Y.ravellingJ d.e,yices

eXiSted and• whg.re t.h.,.e .RPa.Fe qiffexence di.d. p.el .etXiSt are S,hOWnL..-

Zn Fig• 4-14. !ebte p.h-a$..e... diIl e,rgR.c.,g. wg.s,, p,d• .j.useecEt to be a h•a!i
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                             Tpitch oi Åíhe dr'iifd- sp"t6ck'bt' ,'  na:met" y ' ib 'deg. when th5'v' abbve,.:' Lr' L

             '               tt.. tt t .'raehtibneld phas'b''difterence existed bdtWeen thb rigri{' anai le`ft

   t.t'di itt6 'Sivoeke't' Sr'it vi5' s pacesimed that Jthe' comb"ihe 'might yapG

a' bouti the Vertic'al aÅreis• This is indicated in Fig. 4-!4,that

'iS',' thLi peak of poW"er'spectrum of v"braqon in the. tra'n'sverse

direction at the .Ereguency of

12 nz (=6 Hz x2) which •was
                                    n                              'grown when the phase shift

existed wa$ mosce remarkable-

than that oE 6 Hz whic 4 was ,
                      :gxown when the phasg difference •

dzd not exist, an.d thah''thbSe of

12 Hz in the vertical and

longitudinal directions.

These phenomena 'indicate that
the low freguency vibratioh ''lt

in the ' transverse dJreeti6n is

      -t ". i trphase diffe're'hce between the righti
     4,    'ana the combine.may yaw' ab6ut the

         tehe 'e'i gii'e" o'f the

stroke cy61'e' "aLtia'had the vert'ical

1550 rpm under thb- exPerinen'ts'. -

-engtne was ca' usbd'by 'sin'brtza foY6e

the f=eqtiency ot' :;s2' ' H2' ana its` "'

remakab!e. The' b6'aks"Jof s2' ilz 'titr" iJ'

               'Vib• ration in " FigV4-L13li resulted

Was' directly mounted 6ti Llh'e''combihe

vibration sup' p' r

o'

 ir-ting zasihoinitr be':

sN.,
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        Fig'.' 'L4-14 'PoVieli' Spectra of

              Vibratien oE Corubine
   ''bonsiderably inEluence'di"bY the

       'arid" i'dttti drivzhg' 'SPio6kets'

                              '
       vertical axis.

                -.experimentea '6ombl'nel'Zwi 'ia"s df a Eour-

                    n       `one cylihdbr. Å}ts"'"'speled" was

     sin'ce tfie" vib'icatio;n"6"t` t'he

        .t . .tt t             ., l. [. ,- .        of the reciptocating pa•rts,
               tt    muidtr' 'ii6a were agsurnea" to be

      th6;'pddiet 'spe6t''rdn bfi v6'rtibal

               't-'-' /t t             tt.     fmbm the"' Jehgin"e' ;"Z Th'e' 'eri9ine' '

         ' .l-' '        ' chassiS,. Lheic'ed oWre the' 'anlti-
                                  Ji.    6'o' nstide"ire:la'. ''''`'" 's
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 ..-,.:,. , The'euttirg and l-fting block was- ]ointed to the cembine

body wzth a pmvof t6 adj'ikst t-h6"''ctictz'hg :'fi6"i"gi'ht oE'rice' lpiaht:i"'

t.t =s --taldicated i[r[ Fiel. 4i-ig'-'tha't the compone.n' ts -df S : 6 Hz'r" '

and s2 rtz vJete -sÅ}nizi"ctifly `tdthatkabl' e iag""'the vibtation 'o'f'th6

combute':c]iaSS:isii e:ikdept the;"pea'kS at 2ofz; 3o :H.2-'tietd 6b$e'rvdd.

                                 -                                                     '

                                            tt  ''''' 'i':'t:'i t Ji:'' .'L' .,EiQ'ib-tll[l-:t--Lii "ii.l..el/i'i]'li,lt`.B,,,ff'1 ''.., ''''i '' ' .-,r

 ttttt -ttt- t.tt tt pt Tt                  kVÅrnh
        ., -, /v l"'..., 1' ,'i ' ,c '1. ..rti;.

                   'J                  b-  ;ii l.i• ':---- •z.•-'
                  v  . 1 'i'L- Sie
                   s-
     .'. '. ''" Z"- ." ' tf

                      O". ZO '40 SO dO :                                                 '                         '. Fi 'e .n ijehc.v' ÅqHi) '. - '• ': ',. , '-
                                                 .t t
     Fig. 4-ls powerr'['sp'eÅëtra of v'i'brati'6h bf cu'tt-nnyl an6

           ....-. 'til;,ig9.glgl i,,.,,,.l,}h9 9gmb-.,,+"e 'ravei?ng L,,

This'•eoinpone'n"t of 20i•- 3'e Hz mighk be'' Caused by the lifting
                           .and recipic"e' ca'ttng' moEions of the confieying and cvttting devices.

2 Bffedts' o'E v"'ihrattt'on on bperator'' '"'''

         tt• haS'bee'n' revdaled in the ptecedmg part ef tkxs

$ecti6h that there wdr'e v-afeibus vlbratiQns• iry the eQmbthe

body excitedt•bY variou'i"''  soUr-6ds'. Therefor'e the, bpeyatQyis

alwqys exposed. to rnechanical kx•ibratiQn whieh wiXi. caytse th,9

                                                 ttt                                              'fatigtte oE the opeiatex.t''In'the yefetdnee ls }i the data gg. .

                                             -.t .                               1.                     - -.-. -" I't'he  dr3'ver• diS'tiiifban.cd on" the c6ncrete roed.• xrettSÅëa}- a- gsiwgg].l.9.l;St..

tiOn at dri•ver,swa•i'$ic 'level' UntR tyuck ct]rivx-Rg eN}e}' vdySe.gs'tLg; g

      -:Cou•fces and -'".:' e- "7-"  '''" ave=a,.ger'=vextxea; aegekeyattog. a.n.ct tL-#.e9.gelm-

eney distrib' uti-ti:fi- Ui-bSbe' a'Eh'thi 'seat eE a iayift t=asge•]i c}st ghe i'

z



                                                            1o•8

F;9•1 9•.WeF:hg:V.e6:-l"'t6L'!' l. .v6g[.l• ,.{e` .li6[' k..e.6A' dy IJc' lj51adt6tistid' s•

l' .angilissi.on ral';I:o,,, '5i acce4, ration ahd th6 m'ag#'ituqe ol"ilip.ratL'

ti6fi', th6- accieromgvg.rs weE,g mounp,.g. 9,,gn the uppeT pg. rt pf the'

6perator,'s back ap,d,ihg.,y.zP,Fati6n oe hirp was ob'Servgd Fzg. 4-16

ind-cates the.poweF.spectrum ofi vibration en the operator in
                               '                                                           -                   ]case oi' travelling at 3rd velgcit\..on the field. It was revealed

     .L . Th L. ".: '                                                           tthat the power of vibration decreased remarkably in the -regzon

of the highesc frequency than 20 Hz. pai$ shows that the human
body ss a system which has high darnti'ihg factotr as a vibrating

                                      til                                .r '    Fig. 4-16 power spectraof vi6ration oE

              Combine O}perator's Back in case

              of.Trav,elling at 3'rd Veloeity

              on• the Field-

         Since it was., interested and useEul

to investigate 1he dgt.ai'l oE thi$ absorbing
                 'characterÅ}stics of the human bpdyt the trans-
.mission ratio of acceie"' ration. of the human
body were 6aiqui'g.t,..e.r,d• ,.-l'l,irl.g'"-i7 fshows -,L-

    FigL 4-17 poyer ,//,.?,,e..Ctra o#,ViP.r, ua.- ,}xv",,

tion of Baek Re.st i,.of,?.l.,}}e COrnbine ,. t.-'td?

                         r.1 ee
 the power spe'c"'iZ:ia',,.b.'i tA6'L5dL6eiel'iiatl6fi "' t6'..
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                                                            IP. 9
                                              'hard• rubberS,,.iV, C93,Id. p.oV.,be ,expgqVed .t.o .absprb v-,bration and

the seat vibra.Y,ion waF cqused by ,the ldrivz.ng .endless ytracks and

espesially b\ ,V,hg. g,n,, g,.ln.i FrQm these power speetra of the acce--

lerations at the seat anq the opercator's back, aeceleratzon
                        'transnission ratio oE the opeifator could be obtained The rela-
                      'tionship between the power spect.ral densSties of the :nput and
output is given by the,f.ouowing'eguations.l'6)lrl7).

                               2

where

Ea.. (4-5)

Eq. (4-6)

galn factor

phase factor' was

transmis$ion

aecelercatiOn.

calculated

referencer
figu=e18År.

in .the experzment•.edi hum'an

Pyy( f)- IG '( f,)l X P.. (' 'f ) Åq4'd5)
               t-

Pxylf)= G(f ), X Pxx(f )' ,. . . '(4-6)
     .]. ..t /- t ' '. tJ -' L"T tt t -                                          '
       r'" ." ,[. : 1-"'''":: ' ,       ttr -t t' P ( f ) ; P` ower SPectral Density of Output
  YY- ,J •-• L'- '-• 11,-. :'..,•,.. .t .
   G ( f ); Transmissl.g,n Retio gF Gain of Faceguency
      '`' ''" Resiponse Function of the Sy$tem

                                L.t pxx( i' ) ; p6we.t spectral Density of input . ..
                '     tt/ ' P- / t -                J P  xy( E ) ; Cross Power Spectral Density oE Input

            and Oqtpug

 contains only the ga'in factor G (E) , while
         : is actuauy a b6ir of',equations contaxning both the

            ". ,. -, .-.               J   and the phase EaÅëtp.r•.-Sint•'e, IL.z'.n .this studY, the

                               '        not'•useful, only the -gain f.actor, namely the

    ratio was calcuXated. Fig. 4-18 indicates the

    tXa.n.hS.),rn."..SSiO.n.F9. tio in the vertiÅëal direction

  frOm g,tLe.. vqlug.$.- ip ..giJg.. .4-1.6 a.nd yig. 4-!7."or

  Åéhe da.Y,.a .g,tT,ye,n.Py.i,M Oshima are indicated in this

  Xt •wa:si Eound'• tha'.t' ,'an• 'acceleration'" tran'sMissibzli• ty•
                                                    s
   ' ' bi dy ,zn ,sittihgl'.vtas-'8"' Hz, wh'ile a•tii'• /t



                                                          ZIO
 : .. ,-' I L..- .. ', :. I" . .. ..,

w.as yeported,that Eor the sitting rnan the first resonance

pa.s p.g,twaeen 4- and, 6 Hz apd for the standing rnan resonance peaks

                            19)occ.ured al H:abqut.5 and l2 H-z.
 '
                 .

,• ..,,.,• .. .n.-  e ./Lii ., k)Z';'g3","ILS,i,'

L'  IL ... '  i- •['.,:: •" '  -a-.

             -:         '' "' '•v i. :'' .: "; ,
        . N.                      'fi-'                         L.         iJ ;• ' -• tLtr'•-"':g i/'• N .Å~...N;..12i[t:.

It' -,/ e'. '. t'. .il.. .. ., ,. :, .. .. . .. ,

                       s                                 'LbL - ,:-- ' ;. .. 1.C 2C                 tt                             .Pregvsitc"v (h'zi

    Fig. 4-18 Wransmission Ratio oi 't•he Vertical VÅ}bration

              Acceleration of the Combme Operator in Sztting

         The magnitud'e of acceleration on the operator versus

its frequency has been considered to examine ridzng comfort.

The magnitudes of the vibrations averaged ten cycles on 'tne

oscillograph charts are given in Fig. 4-19. From this Eigure,

                Iit                ll;
                .x,                'rs'
                a                =                1trtL,lo .-T,t---N:,. -.•.,,-tl---- Oiii,ICi .

                                 Å}
                      asz q5? S'c oiD 'Tntotet'abte
                       Tt-LIVe'tttng speed ctnls) acceLeration

   Fig. 4-l9 Averaged Peak Aecelerati-ons of the Comb-ne

             Operator and intolercable Accelerations by

                         l5)             D E. Goldman
it was obviods that the operator suffered froM vertical vibra-
                                                          f
tiOn ef magnztude about n.5 g at 5 H2 ( drSving at 3rd ve•loeity )



                                                               -
and, Qfi ,g}agnlts]Lde. q, bout,,l O .g-aV 8 Hz ( at 4th veloerty År.

some informat4QP.S"gtylg,be.e.n gxven on eornfott and Volerance
1.evelsl?iH and. t•b.e. y,:innd.vj.cated the'-vqluqs. oE' O.4,,- g. at S il•.z,.

,o ; 3s g, •.a•V• :•: 8.'Hz li/. -a. nd .,P•; 5 . g at. 52 H. •.z • Theref. pge. .i' TV.. wq.s . revealed

.tha,t, i-"t.h, q op.,erazt- p. r.. p. fi. , th. q•.e. xpe. x.•,.x.m-er p• •; ed cpMb,# e,, , s,u-l Eeyedtfr,p.m

the law-f,reqi'en.cy•Lyitbratip.n•. whtt..eh ex..c.ee'6• .e-d..i the p/hSsxoJog"cal

•1nmit .magn " Jude. ,pf-' yi'br q•ti o- n ;•' f .p .- ,' - . . . • ., • ,f:, ,•"

     ,i '• F.rom thg,.pp,tL.ptJ. o-f, view•.•p-f .ri- de c.omfprt ia.nd operating

per.fiol- tnanÅëert •il •:.ls,n•ecessary lo impro•ve 't•he travelling dev-ce

of the en.d•l•..essvtrac.k..rt• y/pe and -q..pt-iz/'-v•4t.gettr,p,n s.upPort of the

Se pttli' ,/'L g: 'J, :- '. . :. '. .:': t' r, '  s•. ., -. '. ,, ,J, I:.L ': r .: ''' '., •'}t !,:' i,i r' ,il 'z '[] :•

. 7 tbtt: t't,J: .., 't'L' '  ' Z L '1 e:t ': ti '-'. rt.J s:- tlt t. tt';' e: Pt . ,- T

                                  '                                                         '                                                      '  ny

                                               '       . '. ..J .. , ,."l" ..,

         - JL - . " .. /t. .-t '. . -.:/t// l" t. t../ :t: -t ij:t k;t : t.- .i

           -': :"'= ':: ' .1'' Z'. i- I",' : '''. 1:,.1. `1' .' ,'`:f '.. L. :''.:.' OF

   .i' " :' '. ,, l• L/• . L, t :••. ('. ' li, li: [i , •..• :' ,, .,, . 1,. ';" ,i .r, "' a;: r' L,' t•J '. .;i{r'x't'

  ' . ,. / ", '. J -' ;'L:.. ::i {'. Z. .';1' ', ". ,., ' .'L.. .,, '. ''.L I 1.:' ", 1' .. J: ,`: . :.; '.' '..' ;':"' .. :'' ,.

    tt t tr -t :1 / - tt-:-- itt' tl" r: tt t: /I tt ] 'ittt:t ttt -Ltt ttT t/ -t' tV tt t:t' -/- t' -- 't
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          ".I •-" ':L- ;:-' "i' •' :'J'1. ':'• :. :'` .-.;T 'L: [" l'.' :i 'L ''- ,:, ... 'T ' • ,.

          L. ''r tri :+ -r' -:. 'tl:'L /- e':,t : - { : . .. .:t. .-i l'. t './ t 41i -1 .- - .. tr.;. : ..

                                                .tt                                                           -



                                                           llZ

4..3 copc,1itsi9#.S- ,-of,Th-.i's .,Ch-apteg- ,..,,i,. t,

 ,..,,, , ,u :.CQtnb, ineS gS9.d m ,J.apqn are required to decs,ease the .

greu4g,.99."t, aC,t.,PX.eSfi,S,.Ure, beCause they must be operated on the

s,o,ft p.addy fie-lq:".Ap,d"Phey.are of small size qnd. havg. m,qn.y

FQS,at.ing aPg...ace.ClprOqa. Yipg .elements, thenYhave ,qomp"icated.

                                     they
osq.l.lating motions when they arce operated. The experiments

weFe pxoduced, #OXShLe pYFpose. ,of revealing, ,the: aboverment-oned

tgayelling a.nd dypamic..,.e.4g.racteristiqs...ltpq th,e., folthow-ing,

refi.uZts we.re.-qbt•ain,eq,.,,;,., :,. ,.. .. ,,. -..n, ,..

  - • ..FoFL the- Wgsterp.r}.type-spl,.q.U g-iqe, compiligr. . .

I ), The conpa.gt pressure aistnbutiqn " pattern il,nder,the,Eu.11.

tra,ck cogtp-ne• w,as never uni•Cprlo., ,Tbe ,g!,a. xirqyuq pres$ure was•. ,,

observ,ed unde! the .for.e, .oE"#he, W. acij. .c. ontact.ing with soiZ,

and re,qchgd to 6 ttaes .p.C, t-.h.p, .av,erage pressur.e.

2År The t•o=que'of the tya: el"p,g cQunter shaft"fluc.tg.at.gd

pemodicaZ•ly with. pitching.of t,h. e po.m. P.xpe loody- wP,if h. waSi . i.,.

caus.ed by the .rec.i' procating• mo.#ions, of the..stFaw.. r4eks

        For-the hehd=,ieedang g\p,e small combine, -

l ) The ground contacg. g.i esvsy, re, di$tr,ibutig.nS mdasu•red by.-,

the pressure cell laid in the rubbey coati.ng of the track-

Shoe were not uni#.orrp.,.T,he, peak val.ues of• ab.e pressure ap.p/eared

Under each rQad w4eeJl. -. except. the. fore:nest wheel... The .!naxirnum

Value of the prrre.s,.sure wgs. 6 times oE the averptge/ ,pr.essure.

2 ) The travell.Sn.g t.grg,ytg,, an.Fil veZocity .•fluc4uated• at the, •.

fiFeqUency egua.1,,,toL pne ptnyn. t.h of,.. t.h. e,. angula.r veÅ}-ocity.zof the

driVi'ng spr.ogke.t....sh.afg. .This ,f;gqtuation w,as..caused by th.e-

'Xntermitten•t .V#a.nsmiss-ig,.n of. power from. tbe driving sprocket to

                                                            ithe trac3-shoe•



                                           1

                                                           l, l3

 3) It was yevealg,diip\.,thg,: relative frequency d-stribution -

curves oE t•he Y,;,avglll•;}g,t,ptq,ge .,tha,t the',,ma?rimum value oE the

travelling;;,Pgr-g.-ue,.x,e.,,.acb,g,d. -,3 ,.times oS t-he avercage torcg-u..e., ,g.pd..

,the,..pao{g.,w.aS ttpRlp.x•tm...,aYely.-,O 9, kgrm because ol th.e .,ab.ove-:: .
'

mentioped. mtermit.tentmpower txansmzsszon of the trarvelling.1-

:d•91 rt" 9' tt', 't.f" ]• •. :.4 ,?., '..; '' . ';t .:' .'T :: ' - ' '- .' 4

.4-} T4e e[i .lgiency, p..fi ,Lthg travelling device, especially tha

driving sRrgck.e,t.,appt,.Y,r, agk.,.,,.sySeerq.{ pt ,the ex-pe'nmented coMb• zne..:•.

.w.4s r•emg.rkg.biÅrl ;Lg.,wr namek r:;4pggd grpg}..O- -1 LI.o O,5,:, 'apd ,y.(.a.$/.. r

cg.n. sS-der.ably afg,ec,ted .by. ,-ti.ght.n. e.ss ef the- endle.s.s.,.• track-,:,-.•`-

.5.).!t. was reyegled tha.t.. the. torgues oE the..drivr.pg sproc. kets ,-.-. ,

were.geqpgred to.-b.e, laFge..Ct,.r spee,ring. Neilqely, t.he mepn toLrgu.e

for steer i.ng rg, ,a, qhed,. ,2 .7,,. ti pe. s.. g .f. 1 lje me e[n t.o rgue o, the

driving. J,sprpcke#,, fog .t. t,avel.l. ing •

6 ) The lpwer fueguengy.vibr4.tien of the head-feeding type
                       ' Lv                                     L-                                        '
small cQmbine y.afi gqused by.thg,.fl.pt,ctgatign g.f.the ifravelling

velocity,du.e..Po,the inPerge.,lttepS ppwer..tgap.smÅëssipn frp.m ,

the drivÅ}ng sprocket tg. !4.e tFack,:, ] ,1.,i :,J .;-:,.i'.-, ..r•"'-•'l'--1;••'

7 } The highe#,f;,eguep.py,.,v. ibrgtion.was. .. cguseq paa.iply by the

engme vihrat+on, ,. rr,,.- 2.,. :,i IL'. '--

8) The operator on the expemmented combine suffered ver\ s.u

UneOMfOnctablgLy". ig.Fqgg,,p,.pf great mag,nit.ud.e.acceleg-,atiQn..at .-

eaSY transptF,E.ib4,g.f,Feggency.rangg f4om.th.e endl'e.ss trq.ek',-

        .AS. theJl r9.Sy,l,Vs ,.oij ,these. experimen.es and ,-disgu.ssions,

it' Was neees.sg,,ry Sg,,. imp, roye -tb.e, l ravelUng deyi.ce•.of--the .- .. , , .•,;-

Shal! eombi.ne..S,o.g ,pt, ,ae .comCorg,,of tbe ..gpe.ratQr,, strenghL of•,.•,

Maehine and g.ec,.ug-a..ge., opt..,rqti.On,Of CO.mbdi"n.e.•• ,



                                                           ' I`l4'
                              '        .4 'SL-: t         • - - •• "'•- ••:F cHA PT ER 5 '

                     tt-         '" 'Auiomhtid' s'tdE'rmg' of 'eordb'zne' '" r''' '

          Å}ti" {'hTe'' -pa'dd'y'':fi6!`d, rt[heffow oE tice`p!ant transpi'anted

             ,by the machi!i'e mdand7e. l" tfando"m'Liy' and iche eombine must be steered

frequentl' y'  Wh.'e"n'' h'are'eS't'ing' zh" 'rsdch a paddy' field. Therefore the

automa'tic ste6tihg 'sSisSe'rd' fosc'th'e conibzhe rn'usic b6 develobed Eot -' ''

      'full automat' ic'ha'xijdstifig

          The autohatid''Steeinng gystern E)re=s:entdd' 'here ha'd 'tie`sted

gg:,k-:ig21-ogi'Se.g.ggr.6-.o:; o,.sAll2::, 2..ge.:.:l. g.:. gv :.g, x' g.r.l ;%:'.[i,,2.:t from

deteated rode' from 6ne''side. z'n order tio ensurei 'istee'rzng ace'inracy,-..

the former" sensof 6o'"nsListed of' the double serisors; 'naraely mam

and soppx6therifarY :"Sen'tt'6rs 'and: "t'he 'el6'dtt=c ' c'--' xd' u'i't oE 'the -inain'

s' 6nsor havzrfg t'he charti6terzslics ofivdelay'ed' revers=on fo the

straigrit trave':1thg to "f'e'ali2d ';the 'st'eeiing such 'as the•taah"s

steering o' f the c6rmbine.'LThe ob'ject oE the autioniatic steering b

system discuss' ed ':fi this chtip'te'r was to c-or"r. 6cti t''he course-oE i

the combine whtch fi'a' tvested i'n 'the fieid'nytr:aveX'lihg straightlYi-

but was not d:e- tslljii'e'd t'oL t{ixn at -'th''e'E'enel ol Ethie field and td""'-

 entet"=ritio trie "tifiriaictiesti6'd-rowgV6fJ'tide''plant.' r' '--' •

   "'' xn 6r'der t6 'simplify the''6xperthental cohdLtions, to-

 ensurel"the're6eiEabxlJty:6f fhe exper:mehts ;and to revela'l'the •:

 fundafue'ntia!''p'r6bierisL"i'-; "i;h' '6 e2p6rim6hts 'were ptoauced only fbr

 the arttlidiailY elh'hEea' r6W '6f' plariE in'"sinhsoidal fbrm. --i •

     ' "wlth"'tigihg the''r6sults t6f thesel Eundarnental ekperimentsr

-th'e factbts''affettt'iig th6 ihfiuen"ces' upbn tneL$tab'ility and .-

           '                         .              F acdura6Y'.6f th6 gt6'e''iing sYst'ei were dis'cussea.'iJ'v i• J' isL

                                                          '           ...,L ,;t .:- .. :' 't. ..: -: 1-.. ' . ..=



                                                            i!g

                          * rk* ***Sel ExperiMental Apparatus r r

         The, principal descriptions of the ,experzmented combine

                .- .fiF"are  given in 2'-3"--LIM;, Th'e s Y,.g,.erlpy,, d,.gvÅ}c.g,,conszsted of the s:de

clutches,whieh drove the sprocket wheels'for t'ravelling and
                              /t ff                    'rwere dÅ}'F.g..ngag.g9,''by"P,ull"ipg tl ,e .stebririlj' .1' ,-lgti'efe$J,II- n"d' , tri'e side

:gl29i,S,,gl::-•[••,/L.,li,i,.•1, lgl.il. li.,,;id.- "PO" the S/LE,?i Cl,,ei.rii y, •I-.g.gl is),.gl#.?. by puiiing

     ' - Thb rnany-•deltbctotfs' '-of"'ttte auicorrta'tid steering:system

for t4e agricuitural machineyy wh!eh sensed the input have been

propo$edi)  -
 ' i.61, ,, an.f ...,.t',he- system reprettehtedlp thtlsl' chapter had

the Å}hpgt d6t.egtofSi'whl, dh seriS6a" tih' dl r6.w,...grc nptce/:p•tan[t by touching

it sznce thig conttittrting'TaeEeci6Y''-e-ou"id" b'e'""thLarmdb ' 6'a'siiy and operated

                                  t. .-t. ] t t- .surely. The constr,p, cti,.pn o.f t",-h,.e sep.{.g.NF. .-t/ 4igti q.etects the row of

rice plant lrom bot•h -szdes of VPe;,Fg..1.y..,.-s' shewrizn Fx'g" 5-1. It

consisted of the cop.F.fgS-in..,"g. 1ink,fi.", and ,the gl4elijs. The hydraulic

circuit was c6fitrollg, q.. by:..Yhe:on'tb'ffi- ofi the dlectrie czrcuit

whieh were made and broken by' the" micrr.oSwtt.'e6es actuhted by the

                       tttcarns Eixed on the sl:ders and'- tL fid'' Ei' i'a'fa{iUc''eylinder rod. These

                   :1sensors wereequipped- at' E'he""dividers' pp'sitieon instead of the :

                                           tt-Jt -dividers. The'features•of•-th- e ekperim6nted'-="electric-hydncauiic '

circuit were as folzows. i )''Th6 'relays RR .and Rili of the elect-

 - .x' 'l .! ., t'' i.     .ric e=cuit of the m.a. in s.ensor were driven. by the circuit which

had the delayed reversion charaeteristics and so they .had the

hYsterests. In the man-machine system, when the operator finds

OUt the front Qbstacles and avoids theM•fhe steers a• lit#le

OVer { namel\, ..CLgla\,s tuFgPy}?7n.tow,Yhg straight.travelling )• ,By

this method tP,,e stegrlng,,,.g.C.,,S,.he gomp.{.ne,,.E,1,,ay-be gpp,roxi.maVed t.o

   the steerlp.g.,.of :,rpan ym.:-' g/h,t, reduÅëes the number of steering and
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thie {f'ravenirii' d'istan6d'"and":s'rno6thes the cotnb:ne movetuent However

         '-thb a6euanfL)']thtin-ma6hi'ne"tiYstem iLs the closed loop m whieh t'ne

a'e'lay' tim'e 'ii s deEe- r'fuined by "c6i''sideting not only the front

'bbstii dles btt't: :a: xs6"J' ttt" e ob' S' tacieg 'i'i" th'e- steering direction.

               tt t'i'he exPdr'imenrE"ed 'stee"lr'ihg''SYstem was the open loop in which

th'e d'dliay 'timb' Eri}ds is6t'"ait Ehe'f'x'xed'Value. The operation

                 tJl                'dhatact'eti'siifosi:"eE 'the' de`laYie' a retuk"h is' shown in Ftg. 's-2.

    ' --:,. • -,.... --i-'/ .;, .:n :' ,l, r-' :l ' ''

    rl t . -t ltt tr tt tt t/ -t -
 ,
    lr
   i

                              :.' z'- .' '' di at                                                         Ge

  ,.
   -   .
   s                              't

       :- 'h'L t 't 'tl ' ''' ''t -'' '' 'U ' ): ' '' '1" t "                                      '                 (a) (b)         '' . T- ': tl't :[ ` t
            '        i..,-"ve ;,,,.F;,urrr.reTn.,t in MiCrOSPViY9, .h, .,. CiF.Clir.' #. ,..,. .-.

     ",, v. is ; gyrr.ent .i'n Electxo•-magnetic Solenoid circuit

      r -: h- nt ... tLt.. It 1        dc ;, Displacernq.nt of Wed• ge carn

        td ;,-Delay T.lm,e.,. . '. . L.
    Fi'g••,,=..,5'-•?.: Qp.e,.,x,.a.,. t.i:.p."g. .M. pde oi Cqr.rents-..zn l,4,cpo. switch and

                 tt            l; Er/le9I rO-ipagne.t. ic Soiengi'd eircuit of'Mazn sensor ( a

            l' q,nd .H.,ysteresis Charaot-eri$tiq.s Qf•Relay Switch in

            'E!ecltro-inagnetic Soleneid Circuit•oÅí bCain Sensor ( b
            i'                                               '2) rn order t'o aLvl ert the tthenomenon that to..tbe,suddgn change

-Zn the input, row /1 he sensors cop, ld not foJlow the rew of plant,

the sensors consisted-of the double sensorst namely the rnain

Sensors LMs ari' d ltDfis ag weii' as "ehe supplernentaty sensors LSS
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                                                             .tr . /.
  i.. '/. •• 1: '.: c,,. ' ,. , •. ': 1{ '•, 'r•' ;. r-, ' J:. -i -/'• '' .-' ;' c. '' l, ',, ., . •;," -. L,t, w.•' ll-.,l. ,8

qnd• .RSS•,•,.,.,., !go,en.s.ure. the ,acquFac.y.. .gE.,the ,-follow.iT}g ,moltp'Qn .t, liq ,

stPPPeY.-,l.;,9r•Q-SW-.-1 .t'Ch.e.,ff•, COr, .the .rpq, o,,f• the, h.yd;.puli.c• ..actg,atorc

were..tLSI.:.a.nd IS2. Cp,r Yh.e ,leStwar•d s-teeripg..ap,..di..R,Sl.,g4e t.oS?..,tlp,g•

vpe ,rightigaFq, seeerS,r}g, 4nq. th.,e. ,s.trok.esqf ttie rodwerg-di#erg,rT.t

fgF Vhe .m.4in,-and,,Suppltt.pe4tqry sensor qitcu,its as s4g;,I.p ."R Yig.

5flt.TI}qr,efg.re •thgl.I, gtgerlJ},g radii were s.et. The iqovi-ng..d.;s,pance

qtt.,h.e ..rod, #Qr tti..g rp,htt.ip -sen$.To.sc..cirq•uit..was..Iop.ger ,Uian. Cox.. ..th,e ,, .

s,..u,.,ftp,,plemnenPax\. gep,.s..o,r ,.c.lrcuiF",and C-hen. Che. ijg,rce puli.ip.g te,be

ste..s -ng. Jeyeg•s .cQrscespqgd+,ng,.She formg; w.qS stropger .., .tht"n .. .

the •sVe.grip.g. ,.r.,gq.i,u.s. d.qcxeasef.l q.n.d ,.correcting,oE the.. path .yga$v

ing.releaseq... puhf n thg qQrregtlop was .no.t- .g-n,p.ug,h,,/,, .Yl e S.YPP-l.que.ntarY

Sepsg:.,,qircyig .c..gr. ,tL-qctgdi t.4,e, pv4.t4.pf thg cg. mbi.n.e..,. ;n ,g41s case

th.ei.rpg,..y;ng,,d;s.t,,a.nc.e, oC.,P.4.e,"rpd.,was. sborter, the fg.rqe.pu,l.ling

th.e,,,•JlevgLr, was; p.o, ,i.,,isorst.rqp,g:•.a,s,, Y.,h.e...c,,'ase, p,fi. the m.atf:h,sepsQr . , ..i

ci.r.q,u..i.t,.,i,thg,.nL,#he ste.ey."'ngL ;aq•l,.,ps -; as/ i.nc-Lr.,e,as.ed.m q4'd.,.q.p;.req.t. ing

                                                               'of- t4e. paeh: d. eereased. Thgrgfgre,.,, it. w4g.pgssl.4?.lg,,P,,o..#o.llow the

r• ovg,lo C. ,r it .qeli. R.. T, lu el.r} I, ?. •pteei s,e,. ly• ,- •/ • .. ,- •• ,•- -• • •..-• .• • .-. :• ".

                                            '                 p          -   . L X.n. TR,,bl.e F.5-l,.r,.tLb,e,..,Rgsssib.le ..combinatiqn, of ,tipe. [lnput

                                                          .-
•F

,-n
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                                                          l. I9
v4ri,ab,1,q.s. -T( pa,mv-ely,,ON ( 1 ) or OFF ( O ) .of the microswitches

in the elqctric cl-n-quit. oi thg.,se,nsers-) and ,.the.o?tpuV. .vantables

qorr,esppn.aing•to •-e.ach qombinati,pa.oC. the inputtvgriables ( .-,,..-,

namelyt,-ON:] ,S i"l År..[,pr., PFE',•( t-P, )..qf•Tthe electcov.magn•eti.c sole,n.,oi,d,s

oi.,.Vhe .qinecptonq•.! corptrol. vglves..in the hydr4u.lie ,circg,;e ) ,,.

vh•e,-$q..-•g..a:,L..ile.q't.g,uT.th.V•.qt/?•le, is•.:-$npwn• [Vhe. Ie.Åíby.4g,d s:te,erir;g./-;.-" .

go.rr.espond}-ng tp..thq, -statq. 6 in thi$ ,t,able wa•s ,perfor4ed as ,,

5Qllow.s.t ,.Wll, e.nl-. Ib.q.,,.rnq.l.n. s..en..spng- LMS rc.Qq-.tqc,ered...wit-h,th•e #ew-ef rice

plqptF anq.' the qp• ptq.ctm.g• tlink w. as• mo; ed •q,yer".•th.e•.qe,aq•ir,zone, ,[--..

wW. tb. • i th e. wed- .ggr •' ca.rn .. ,E.e(., S.C q•• lo $.eq ;th.e ' Mz g,rg.Ew.itch :- b. M, t. Vh• .e relay

q.pili-w.as.energl.zedr •the-r•rel.ay. cQ.,ptaÅë/t$;4.4J. an•Åq P,4 -,weyg.OE,,F, Zj2

4nd.' S3..-,we.r•e•ON, t•h•e. $ole,-pQi-d• • $.L was eq.e#g;.z..e{It 4.nq.,th•e.valw-F,e•••c

c.hanged•th-.e aji!ec- t,ioryTrof• o• i•"-] V.o .me/ v-e. ,V,,he ty. o;..q. pagh.twaucds. '. ,

Althouglp,lith.e qam.SC Eixed on the xQd vmade the stoppe.r ZS2 OFF,

sx-pce.lliSl-•-wa.$,.,sti,ll Q,Nr,, SY. qo.ntin,uept• t.o-b.e g.p.erg;ze.q, gr•iq,.the rod

Åëqntinuea .tg.. rpove u4til.$C.made,LSI,OE.F and the c-orpl), ine.was .

stqer.ed l.e,gtwara.$.• .,4#-t.g.g s.te:exipg,-'although the contactzng

Xink of IM. $, . $ e. R a,. #, atqq . from t• he -,rQ; •pi r. ic,e pl qn .t ,, aj .d -]k, .M .=,w g. s. zi414de

qFFt the g-;-ela.y,',•icoi.l c-ong.z:..,nued .tQ .be--eileac.g ezE}d-.b;,. -.Yhg.del.q,y .

                                                 i ,cthrcui# ana. C.he corpt.)ine qo.ntinued to be.-steeFed ylllt# the'delay

ti Me .Wa. S..lg.pFedl 1thq4. i•.eh•e.relay, c.ptl. -:fip;, s,be.q tg::-bg, .energize.C,

Ll and L4--b.e..qegq.q. Q.N•,4nd. .L?..and,-.3 b,ecame PFF-,•Singe the•.rod of•

the hydraul;q,, a.cV.u,aeor was th-e, ,,sgate, where it.had bee.n.,mpyed

tO the ,grSglpt,Å}he. e}e.ctr-ig c•uryopt floweq .inte tihe soXeno:.d S.B -•op,

thrpu. gh L.PYS wbic. h w. a. s. -.•m. aple ON by d he. we d• ge cepa , N9 Eixea qn Yhe

tOd r•ighlt .afte•r. -mo. ;."ng•:•.p-f t"he•rrod.) •.t,heJr.oa. , bega.n to move• 1.e,I-.t-

W•ar.dist.. r, eSurped .1 p. ,,••tll.e" m.ge,.dJ.e...pp-si•tion., w,h.ere- LMS. was maa. e'.OFIT,

                                                          v.                                                          r
the ste.e.ring:w-a.s fi.n.tt,shed- .andf•th.e. copa.bipe began the.-straight



                                                          'i 2t,p
                                           '                                          rtrq.velling.,-ag.pt JP,'! ''') '•I. s-',•'r.'. .•', "": 'r, .'. ':J•'cJ i'l'J :,' -:. -

                                                  ".
      rr .. - ]- The leE,tward stee.Ming by #h.eA. supplementa-ry sens.or . .

circuit dorresponding to the state 9 in Table s-1 was as Eollows

v"hen th.e contacting' lipk LSS- oE the similar cQn'stx.uetion as the

main sensor moved over the dead zone width,r the wedge cam ZSSL

actuated sirnultaneously the double microstfiitches LS and LSSI was

made oFF 4nd' LS'S'2''Was''  miadd bN.'Slncg the,main' sen.sor circuit was

                        .-.not rnade, the'  electric teuF,renl"' 5, lowed i.p.Ltp the solenoid SL

through  the relay contacF....B4..which v3tis made ,o..N, the rod rnoved

rightwards and stopped to rnove at the" Pbsitien' where Sc made
                           iLs2 oFF since L a was oFF. And e661cjomp."i:.rie b,egan to steer

Zeftwards. When the contact;,ng link separated from the row of

rice plant,. thg electric currgntt-tL2owed ingo SR. through. LNS

which was,,made 9N.. by ?!,9, F..,1..,g.Iit"'r"afl:f,}, rthrp...pving of thg.F,od ar}d L4 of

the main sensor g.1scg}i/t',Sw which was-.9.FE,r.'' the rod fuov.ed•-eftyards,

ig.OP8.fig,ag,12e'

,-

:•i9gl:.:•gfil?i;:.gl2-XffP,.Yali•'11,}99.i'6F.il,.n-',,the .-

         The. Ielect#..s -hydraul:g..circu-zt oC the au-tomaV.".,ci steex-

ing systeni' X"fth th'eq""'Ui' chStt''YS' -W"h' ii4...det-ected the .=bW ofi rice plant

from one side of it is sl]own 'ip, F'zg'. 5-3. The circuit Eo// driv-

                       J 'L.ing the rglays had not V}ie ,ael ayed reversion. The rear se.nsor
                        tttt tuhad the ektended .contacting lmk which coh'l..acted constantly mth

the row oÅín  ride p'iantt 'ilihd'er EheH skra'igr{t ttr'2hSV611'ihg' 'alia''th. e

front sensor remained to separate from the row under the straight

travell'ing. This steering system uas desigped Eor harveSting in

the paddy field where the rice plant vJas not planted ln a row•

This figure Eepresents the s•tate where the'contacting link o.f

the rearc' s.et••s-or i,s,L "s, e.p,gy.:pzted.. frTom. .t•ne rovJ o.E .rzee pla•n•Y .a.qd-.

                                             '
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oN, the relay was energized and the re!ay contacti Rl was made

oFF and' R2 wa$ made ON., The electrzc current flowed Lnto SR

through L3 which was ON since LMS wgs OFF, the o-Z flewed into
right cylinder oi the hydrau'1ic actuator, the rod moved leftwards

and the lever for rlghtward s-t'e' ering was pullea The'  rod conti-

nued to move until RS was rnade OFF by 'the cam C Eixed on tlpe

rod and the cpmbine continued the nghtward steering. When the

contacting Zink oE the senser was pushed by the row of rzee

plant and the eam RSC . made R!YiS OFF, the relay contact Rl was made

oN and R2 was made OFF. :h this'time, sinee the mierosnttch RNS

had been made ON'bY theL'catn C right aEter the rod began to move
              ;, /;   Table 5-2 Truth:J"Tab'le of AutomatÅ}c Steering System in Fzg. 5-3
                                                  .
         '' - ' 1 =' '1' -'"" ':'" -t'- :' : 1' :' :L" l' Il 'd "V: t'/'-

Variab1e- lnput Outpyt
-t

re

RMS LSis sL 'SR Remarks
St' a' te'' ,.

-
.'

L

tlt.tlt.ltt.... Q Q• o .Stra1ght Trayel
1t4- o o 1 R:ghtward Steerzng

-.t . 'L

3 o' 1
,

1 o Leftward S'teering
'r` 4L"'-''

•-• 1 /t 1/ ::I o rT

       ,.' :, J. ..l ' ': h: ,1. ' 7. t-' V. .. '' 1' h

leftwardts,ihe :solbri6id'-st"was' erietgized, th'e rod began to move

rightwards ahd"renirnea'L to 'tn'i ' niddle posztion where RNS wa•s

         hmade oFF dh-dr'r:• th'e :'coTrii5'Å}tte' beg'an the strai ght travellzng again•

                                                          .5'2 Exlperihmibn'fJa" 1'" 6'b't: h:o'ds''and'J'cohdztibns* t'

     '" `G6ibralzy,"thd r6ws df rice plant transpZanted by the

machzne:wbr'e` rn:6h:ndd"ied r'indofuiyZ'7asJ shbwh inL Fig.-'sL4. In the

Usual re6'uth: rfgular- paddy wuft'eld, thepowersfoectra of •the plant

row are ''  ri $hown' th" eig L'5-5.a Z`etting theraistance between t-he

adjaee'ht'CSt' imp'i of rzce plant be O !5 m and the traveiling
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     Fig. 5-4 !C'eanderÅ}ng of Row of Rice Plant

              by Machine

velocity of the combine be O.l5 m/sec, it was Eound

upper limit of the equivalent frequencies were about O.

Therefore, the amplitude and wave length of the ' '

sinusoidal input row for the fundamental experiments

O.l m and 3.6 rn, respectively. The equivalent

sinusoidal input was O.l9 Hz, letting the travelling

of the combine be O.7 m/sec. The artifÅ}cial rows

made of 200 mm plastic straws thrust into the vinyl

tubes which had the inner diameter of 25 mm, and the

150 mm. These vynil tubes were layed in the ground at '

Of O.l5 m sinusoidally. The length of these sinusoidal

Was 2.5 times of one cycle. The output paths of the

drawn on the ground by the standerdized sand flowing

the hopper whichequippedat the position of the divider

         The variable parameters in the travelipg

Were as follows.
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   of' plant were

      chloride
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   .f ' = :,:l ) Fr•eguen.e•y..p. ft'-,.s. -inu.s,p.id41 input

           2 ) Dead Zone Width of the Sensor

           3 ) Delay time of returnt-ts.pm. svt.gert'.ng t.o-straight

                                    i-F- ;:L. -•• •,.` 1::• , • .1 •           .vt•.i",,.-.II-i.E9."i9"vtL+'/L/9".L r. •:.':•:' ;"'li'il.1'1;11]"'",,= lir.''tllTH,,.,'L -''L':' ''

           4 )rpistpn yelo.city,"''b'f'tih'g byd• rla'iz,!id'Ja'ctug't7o,r• 'for steering

         IIi s ) i.. Sitee rÅ}ng radius ;. -: i. i .1 ;" /' i

         , 6 År'-r,nitia!i e,p. fering anglt". agginst gow of r=ce plant

                                   /t/         ,z' ' •.-at begitln:ing of the• straight traveUing

  The paxam6tgFs from [4 rl) -to 6 År rerF.aÅ}ned-constant beeause of

  difiicul..y\, 6'"I adjustlnep,s, and espg,gial.ly'foy the• parameter s )

  althoughu thei. positions. ,where the s.yopper-'mi6reswÅ}tehes were

  actuat6id" were set fdr two steps, the realized ste,ering radins
 was onily- the,;ninimurn 4'Sw,hich t4e':'i'insidle' crg,wler vas stopped.

  For l )-'the,rweve lerigth of the iow.was; npt Åëhha'nged but the

  traveUÅ}ng yeloci ty lwa,s, F. han ged •"tl.-...y..il- 'i•, l ' ... .- , -,

                     i                         - :h        . ?.?h9,, qxperlmeR.,t. f.1.l conditions are shgwn in Ivable 5-3.

  The expentment$ from'No. ! to No. I4 were pxoduCed for the

  antomatttc s,teering system with the sehsors which detected the rQw

                                                                  '  fr-om,'the •b• oth•rsi'd• es.rof i-U;k The ,deqd•.,: z.qne ...wiq.#h, -wqs.' dg.fined by

  the dista•nc.e.i-,1'•:].'J -. ;!- z-i,'

  thEou'gh ,whichr'theiepd ef the contacting link moved hormally

  to the traveUi'ng.:directi,on-Iun,til.Jt-he mi•crQswitc'h wa,$. 4'eV.U.ated

  as showri ln. Ei'g. 5-ZO;' l,,.!• 'Lil:...: .i 'L.,r." ;' 'i .A '.r' l'.t z.: .i':t,

        :2. rphe experimdnts No.. I5-i-andf•16-were produqed{fio#..-ithe

  autothqti'c steeri-n•g-sYsteta Lwith..;the s.en•sor which detect-ed the

- roW ofi ttce'-pZ• ant'i.ir.om one-sÅ}•de::•of tt•v Ehe. dq.ad. z. Qre-,w, -idtb..,was

                                                                 ,
  defined ,ib- y .the.:dista.n• ce,,lvetwe.eniJthecr.ppsltions 4.'t,iwh.iqb,. the

  centact ing t-link{ ;QE tlle-•f-ront and :reetl• ;- isen$or.s,., actgpted: Yg,e

                                                      - L-
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mxcroswitches.

5-3 Experirnental Results and Discussions - Response 'to
                                                          4      ' l ii' ]AL r't L Ealb- t";'a" 11 L' zn'p u':tt' ':jR6i ":-i• .S[i'* ]' '' ; • ' . .' "':t ;. . l: .i,. "' . T..-. ', ,,' , ' ',:: :'. -;' i' .

5'-3-I Response tii ve6.si,,'.. ":•::',' :. :'z .•:•.: .z '.`:1.:L "T-),.

                     t.                                               Lt    ..• [',,"-Th'e:tre;spoltsei"p'aEihs ZbET•"Jthb :cbxro5i'he' wh:icri wds autemat:6'al-

                                                         -ly siceere'd by- the-''gy'sztem vitlth ]Eh'e' : s- e" ''s'6'rT S" 'de'teici' ing the'iow from
                      i                                                         T,bOth sÅ}d.es o:f:•:it,."air" e:,!she''WnJ':'i':h•:'Fig"Sl 5-6 ahd S-7. e•a'År,[7si'-;Su""im r' '

                                    - T . Lt -t --.each'fdg'i' re' 're'Presttnt: the `aicti]'fridi alUirbwi; •-':• ' t'• ""V:'"

1 ) when?=•the/ iciraveziingri'v"e'+lo'city"and thfie"iideatr z6'ne iv"id`t-h' we'ie

                                                                'kePt eoh'stan-t,'•thbi• inf' luefic'es bf tth'e:."dkanig"e'S- zn ih6 dblayi'l ;ti'

ttne; upon-the" resp6nse 'patih•s••;We' reias foizdWg") i-hen:`'imtlLi d6fay .
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      -,.,., "•,-. .cpl.Fg?,,,ing wi,Ybu.,t4e-rS"ysi .em in .],i'g,: 5,-1' ., •. ..

 time was .too ,lp4gy.,gb.nte ..o. y. er,sb,. oot..pf the stee.rip.g was.tog. IaFge

 and then•,. t4.e lespep. se pa-ths.wg;e. ,d. istu.rkg..,q.• T-!1,,ts I!li.g,l.}Lt be

 caused by., t,b.e.. E-g.,;.l.s,w?ng, •C.a..q•t-.,• Fg,t.,. q#qmple, ..w,hg.n," h,tt,,c.omp,...;pe,wpS..

 steeic..e-qv vr.igh,Y.w. q-yqs anLd. ,,the. ,.c.o4.t.acÅë.ng. .link p#,it•.h. e Ilqf:Y. S9,nSdeOr

 Was sepq,.sca.1 q.d l/.fro.m .i-th.e. • r,Q.:. t=. t..he. s--l gegx.n, .g .Wtha. S.,:,,tPO,,. ,ul.aFg9..,.and

                                                               , then .Cb.s.- .cop.t4'q. tiltn.,g, ,,,#.nk pf, t,he ..r.•..ri gh• 9 se,p s.og g.,arn.e...teo ,,c. .lo.se tO

 the ro,w,....theJr...,Aefi..o,,reith,e, .coMIDIpe-"h,a.d.tg,..ig•.eg+p•tg,g Fz'g.h.rtW"a.F,•q .1.
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 iL' ;"'•Mg. 5-7 Res•ponse Path$ of the Automatically Steered

             CombÅ}ne with the Sys-tem m Fig. S-1

steering•••.jri's:•'I•' a=fte"t•1 the 'b•e'ginning 'of the straight travelllng.
          h.        'That is, the numbex of steering motions was increased and then
the distanee of: th,Je' .straight traven-sng'"waS'''d6ereased.

2 ) A$ the travellzng veZecity was increasedr the respon$e paths'
were disturbed and the tr'aveiling became unS'ti'b!e ( Fig. .5-6'

( a ) and ( b ) ), because the overshoot of the steering ,
                                                           t'
'eauS'etd hbY-7  the..inertxa efiect ofi .the combzne .was mcr•eas'edL.-
3i'): Th6F.;inihience' .of the dead zene width upon the travei-lzng

sta'b-lity and following accuracy was not clarified by these
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 experiments because there existed a great n.uiuber of eombinations

 oi the dead zone widths of the sensors.
                                        'g.k.g;gfb,X.he.gli6Pwa::.ngl,i:.g•g,, .:, [)dlt,f:,m:):.g"7 :y:gifi:e?ta"y.

 could fQllow tihe input by the effect of the supplementary

 sens'orS •..- . .-. ' "•t,-:;L,i.;," . ' .- .,,
 "5 ) Although the delay time- was set at O.O, s.eel'the ph'ase:-w.as

 delayed in the xegion of 09 to 60e. This mig'ht- result from the

 time deZ,a, y of the relay contacts Å}n the electrÅ}c eircuit and

 tne dixegtionaZ eontrol valve in the hydraulic circuit ( about
         t O.l seg a-c,,cording to the speczficatzons oS these deVices ') and

 the tSme., delay which occured when the rod ol, the hydrag.#c

 taoCt:.aateerlrg::.r2ghdtltyO .thg.ei.:iddie POSi, tiOP,,.a?d ghe comb-ne bega.

         t-
                                               ' 6 ). The relations between the pha'se lag anq. the travelling
 velocity't deiay time and dead z6nb -vJid•ir"1'J,i"6te'i'h''ot ciarified.

   'l' .Tbe .deEgribÅ}ng fupct;.ghl'il'Ii61f.I"':1']trY. ,F't16."r,,.esis gharactencistics

 ( memory; type ngnl,i.pga4..Y.y')'is gÅ}ven.by the following egua.
tion7). i ;: .: -' .' ,i '" '' 'I ' 1.I !' '''

            t.t. " tt
                  t tJt
       K'eq(E) = g(E)'+ Jb(E)

        1,

         "'' T 41/+[{eosÅqsin-i g) + cos(sin-i Tfl)}

           :'' -- j{sih(sin-i g)' -- sin(sin-i #)}] ('s-i )

     t--    t. -r tt                   '    !`- ' ;F' ''. .1.. -. :L. .," .L .. .' :o..,.. t,{,'' ": ;. .
                                                            e•
'•  Vlhere 'E 're- i tte's'e'nts-'Å}'tine 'ramplztude=o"f• •thel'sinus'o'idal inpu't.

'T-hei efo:•fe-tE t'lib- Phiase -S'hift Ss ",'a-s-"Åíollow.i , •• ':' '.v" il ' iu,:: .

  ; !t iLt .[. "1".r l. ..z:t -M ..-. //1/,'' :U t;. .: =,1 -. t: . /. tr. ','.:t- -t .et ... /, .- b - .. i
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tiine in the. 4ek'P'e'Ltim6htai si'Std"m. corresPonds ti6'fix ti''iand to ';

move d le{t'ifi7a'tds ( riamelY, t6 -a'6cr6as'e'd ). i'nthiscase,

                                                   '      .. -.Jt t,: .... ' tl 'it is obvious front F' ig' . 5-8 that the phase lag increases"
•-
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On Vhe •,contr.ary,, :hen. qZa ? l in-Fig.,s-8, the phase lead ard. .-

this cgrrespop. ds,tp. the.sYa#e•wh.er. e. .d- gpes on the right of a 7

therefqre the .coptrol. ,system has,,V.he,pred4ction characterisYics

rqtller than,I.g.emo,.y. The control systempossesszngsuch characte-

ristics rnust be studSed, ;,n• theL .fvture. ,-. ,, , -,'i,.

    .-. The response paths of.the automatically.steexed compine
  t-by t.he. sensors.detecting the rosr of rice plant fropa one-s. ide of

it. .are, shpwn.. .j ;} Fig• 5-9• . '- ', •.,.

.

-- !rr,r-.

   ---  -t.

   '
, 15 (y=O: 17m/ s-)-------- l 6. (v=O. 35mls)

                      --s                     --                    d"                  -t .
.

 --ee"
.

                '                   '          . J• '- •- .,, • . .           'e....-.' 5.0 rn '.....".e

      '   Fig:5-9 Response Paths of the Automatigally Steered Cg{nbine

    .. . with-the system in Fig. 5r3 , ,. .
                     r"       '1 ) As the travellipg velocity was increased, the travelling
        tt tt -                                'state of the combine became unstabie• .
     .}.. ny -. ,: ,,-
2 ) Since the shape and dirnensions of the contacting link
       - t.-t-. rtt . t.i6'f -the"'rear sensor Were• unsuitabie, the combine could not
     T                                                          '                     .ttfoliow the"ihptit row at the high velocity• The suitahle shapg

                        t t.tand dimensions of tbe iink must be researChed- .
                                          '                                        '3 ) The responSe paths were smoother than those of the steering

.

(b

(a
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 system mentioned previously Åq Fig. 5-6 { b ) and Fig. 5-9 (b )).

 This might result from the difference between the characteris-

 tics of the sensing mechanism, hnd' possibUity of this sensihgJ4'

Methoqrwas q,btained. '
                            '                                      -       '        • The above discussion are qualitative by observing the

 response pg,Yhs and the influences of the dead zone width couLd '

not be elarified. In the follovJing sections, the response

g-ic:xgcgli,gllk.2! g.il:ggfieg.i;.Ihz.gq:.#;:: ggcgh' 2.il'ii x:g"es' iL''

the stabUity of the traVeZling will be discussed by the Fourier

coefficients of the outPut wave forms. .
                                Jtt                                   '
 '      .t, .. As the performance function which deeided quantitatively
    .,whether the control system followed the inpug,accurat-ely erL' not,
she sguare of the pc"fs vaiues was used8)' 9) . This istdefined

by the..gollowint g.guat.icnlO).'

                          Att .tL                '
       5'2 - sl{: llT, -][ [F(t) - f(t) ]2 dt
                                                      ( 5-3 )

                                 '
where F(t) and f(t) are the input and output, respectively.
rn this:section e2. of the 'input'rolv ef.p-la4t and the eutput

paths'of th•e :.combine will be .calculated by thisL eguationi

and 'the "influen• ce ofv.th• e tray.elling velocity :p•f .'-the' combine•

(' : narnelyr. i' input '. freque n'cy• , ) ,. delay time and . the ' dead- ' zone Wid-th

upont'thti response accuries will'/be rdiscussed The results of

                       `c-alcUlatx'onEare as•'.shown• Å}n- Fig. '5-JO. I't.was',cl'arified fr.bm
                                                           l•
FÅ}g•ir5rlO' ( a-J• that as ..the delay tirne increased•.the value o,E

-2 ..
e- xncreased. '•Therefore.the response accuracy was considerably
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        -     ,-•,-.:, .•.' . "'. "A ,;. :...'L ,- ":` ''i' [JL:                                                   '
     . speed Dead ZongL(rrm).- ; Dead Zone (rm). " . Definikionr ofrrDead Zone
       M!S mo MRD S!.D SRD.,., ME,D MRD,SLD SRD L
   ' . ob; 4. rr 2o i'16 13 t7 .' o 2o 16 13 •-. v •• . .. -,. ,, ..i 4,., : N,atU!, a! P.p sition

   ' )cO•4 25 2S 13 13 A 2s 2s 13 13 Contacting Link
 'J U ao.6s' 26' i6-'i3 1's o'3s''3s Js" 's"' '' '' 'B':"'Actuating.,point

                     t-

                                                      AA                               td=O.1' s B
   •t .1/ •., ; .1 .- .-,. -.' ,-

 '-''] D'e'lay-rime ('sec) ••i -• '• J'-' 'i i -'

  ,,- iil6:''S:Ti.o 2/ii6'E.k.g.g,ec:,,gg.agy8,fJ2:,gm,a.t;'cgliy stegredi ,

 'affebEed b]2:'ih6Laeiay time. Frorli Fig. 'S:id'- ( b )' it was:` fottnd ''J' "

  that Ehe S'nriiiy.g."{.9.e,s.-..of.,Fhe dead zong. widtb upon thg respgnse

 .a9.CUF,a,,9\. .,Y.9F.e n9t alwa\,s s.fimilar. and Vhe .tiendency vJas changed as

  the..travelling velgg.itY varied. That is, Vhe telations between
  the'dead zoneLwidth ahd Ehe response accurac3}'`6ouid noy. be

  foGfidi. How6ver, when.the traveuing veiocity was increas6d, the

  vaiue'ol 52 was iricreased 'and 'the responSe accuracy was reduced.

  5-3-3 Travelling Stability

       '

r"idth

of

of

`
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        since the control system used for the experiments had

the nonlinear characteristics such.as the dead zone, hysteresis
and saturation, the output ,might' involve the superharrnonies
of the input frequencyii)'i?.)'i3)'. This was eonfirmed in the

response paths sfiown in Fig. 5-6 and Fig, 5-7 by the fact that

as the delay time was increased the travelling of the combine

becarne unstable because of the superharTnonics. :n order to

         ttclarify s}lch phenomena, the Fourier series expansions of 24

terms of one cycle of the output wave form were obtained and

                ' 1• -J •the travelling stability v;as discussed in the •frequency domain.
                         .               '                                              '                        'Because the output wave forms 6btained'by the experiments had

the length of.2;5 F.lmg.s of gnv.e.,cy.glef the data of Sour cycles

             'such as A, Bt C, and D 'could be ob!,ained as shown in Fig. 5-6

( a )t allowing the overlap of a half cycle•. Therefore, Eor
one experirnent the four Fourier seLies expansions-whose para-

                             /t tt-meter were time couZd be obtained. A part of the calculating

results i$ shown in Figr 5-ll. For Phe other experimental

conditions, the simila' t tendeneies could be found. Narnely,

          r1 ) the re$ponse paths were successiyely distuFbed =gs the time

                     .. ;was elapseq. after begin4ing ef travelling, and 2 ) as the delay

time was increased the,6th and-7th harmonics q.ewi and the travel-

ling became unst'al)le., . .., "
         As mentioned aio6:ve, in the case where the delay time

vias generated whe4 -the• eOrnbine FeYurned from steering and

began the straight travellingt it was found that the =esponse

                                                        -paths becarne unstable 'against the initial expectation. This
                                                'rnight ' result from thb too long de!ay time.i''`' i

                                          '                t-

i'
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5-4 Experimehtal,Results•and'•DÅ}scuSsions -•Respo-nse:t6•"

            Actual:Row of Rice Plant ;de*

     ,., ..Z,Ii the plgFed/i,.n.f s-ectig,nt tIig.expeF.iTpents were pFg.duced

only to the artifidial ,siny, soidal row. And She stabUity.qnd

accuracy os the a' u" Eorp.aJtid'-SEeeiing $ysE'ei "W'e''fb'discug'sed on "Ehe

                                               tt.                                 tt.                                          'basis'  of th' e'  " 6XJpeiith' e' riial iesults. zn this,section, the accu-

racy of the automatic steering for the cornbine which harvested

                t /ttin the actg,a! pad.dinfi' be
elqdY•isTchuessceotL,trol.-gystern used for the

experirnents was the•..systern used• in the,preeeding section, .but

                                                        tt                                      Jitthe flow og the hydFaulic cir6uit was gpntrol,Z,ed by means of

                i                                                      'the flow cQntroiivaive, and thgn g,he displ.qC,ing ..speed of the rod

of the hydraulic,actuator for steering.•Vd.dould :be'  varied •by
changing Ehe flow rat,e of the 6U -l ., `I l '' 11 .I :i'

                                         '5-4-1 PrirJcipal Pescr,iptions oij Experinents . ,
          t-                        i                                 1         The experimental cenditions for ,the autpmatic steering

system with :the .sen,sois whÅ}ch detected the :row of rice plant

irom both• slde.s o.E it are as shown Å}no Table 5-3. Those for-the

steering sy,sten w•Å}.th .the sensors .wh'ich "detected'.the 'tiew• Of rice

plant f• rom p.ne. .si•de oE.,-it. are ,as ;shown in. Table 5-'4•. [Vhe defint-

tion of the dead zone width for the former system was similar

as the:qif4ni.tion i,r} thq prec,edlng'sectip.n •(. see. Fig• 5-IO-ir

but for later sJys#Jern in .this section, the definition of the dead

zone w ldth was sim{1, ar as the forrner syste!e, namely.,,. it waS
       t.ttdefined by the distance through,wbich tPe epq."of thgv c"o."pl-aCtiP.g
                          u- .-.t- t                   ..4 t .L]ttJ               tt--ttlink moved,, I.}Jo,F,rE}.ally Y,ro.- the .SF.g,.\.el.ling dirg.gY.."-gn unt.il,-..tPe lpicrO-

switch wasJ.actuated afi shoi,n in ;Fig. 5--10.,.,.

                                          t-t                          '          tt tt/ ttt .ttt         "rt / .Lt - l         .,. :. l .'" . .i, Jil .' . ' '' ''
         -:                                        PJ "          . ., '' - l' FL: '

i



Tab!e i5"3 `Experirnbrita•1'L

SysteM 'shown

          '

Cbnditions'•L

in Fig. 5"1

          '- t L: L

for -AutomatÅ}c

             /       '

Steering

     '

ib7

Experi-m,ent,`- DeadZone/ Width-1.- Piston Speed DelayTime
(mm) ( mm/sec) (sec)

NOe Wdf* Wdrde* vÅ}cl
*v...*t*.*

cr ,i td

-l 10 10 219.7 '2"oi7 o.o
t.-tt

'

,iL..2' l."- ,10- 10 219.7 205.7 O.1
..-1 t

10 10 '2•19...7 '2'05.7' O.2

•.• 4 10 10 117.5 157.' 5- o.o

..L5.•.. 20.T,..
-.-

,,..r20.. ."l17.5- ".D.J-
6 20 20 117.5 157.5 O.2

'' 2,O- 2O. .l17.5, X57.5 O.5
L- ;-t -t.

-
"t

o ll7-.5 157•.5-,' '' o.o

...-".9,...- .Q" o-tt-t 117.5' 157.5tt. O.lt-

10 o o l17.5 '15•7.5 O.2

li• o o 219.7 205.7 o.o

12 o).t
tt /u• o- ,205..7 O.l

L13'
P.L t.

.o' o 219.7 205.7 O.2'

1, --.*
   ' ' l-ÅÄ' "e'

   *f*
  *de*k

 Table

Dead Zone VJidth of the FrOnt
'6eaa zbn'e"'-viidtfi''oE t-tid' 'Reaf'-1

speed ol, H\,d".FauiiC F. Y}7,"(l9Ii

speed : F HyÅqlraulic Cylip.fleF

-

s-
f" lpxb6r4' theptgl. L'conditions

   ..S.\.st.e.{r}. shogyp,,in Mg. .5-

 Sensor -'
   J tt.t'Jqdrisitrr• 'V''-''

fo F LeftwaFd

  t-t .t .            'Åíor 3ightward

''  t' '['
fo= Aittornatig
          Jt3. .... , l"

ste gring
 sted'rinc
        "

'    '

tSteering

x.perip.ent rDeadZone
(mm

Width
)

Piston'

(

.S.pe,ed.'

mm!sec)

.,Dela\.T.iMe.(sec-)''

-l.iNO.
.-/. -tV-Idf V-cr

.- 2.l'. '::20. 35- J•L .ll7.5 ,l57.5• ". OL.-vH,

22. 2.P:•' .2O. .Il7.5 157s5

23 30 55 117.5 157'.5• o.o
htt

-'' 24' '3O" :-55 "' 219.5 2' oS.7-' JJo.;O

ri25"' )':"20-'- -" 219.7 2O5..7 ---

,rO..Q.H

,
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5-4-2 Response Paths and Following Accuracy
[

         A,.pa:rt- oi the response paths of the autornatically v'"-
                          trs; t'eeted combipe-areTshown in Fig: s-i2,- thc controi sSLs-t6''m 6g ' .

                            -.t -t                        tJ                             --wh=ich' a#e showh 'in Fi9;-5-Z.----- ,- - i .... h r.
                                              / tt
            . , ,- Combine Response Path                           '                             '                                 tt3eL ::i'''

 '''  "'  'V''''  '' 11 :'-:fi:;,,.". .., `""--'-' Rq" pf Rice Pl.anY,, +.. ,

2C' V' hL. - -'
 .- '

Jr .' -i :J -.J T-  " 't  L-r  L"-L-----. ' .x .: .u . ,. .r
                                     L"                                       L.-...--!o Deacl Zone lO,!,Tim t--".-., ..r--•-•••L.f--"'
 p•-. ...•.CDY,ll.;d.Te:..i.P9.-eo9g,l?.9.mm!S,eF'-.. •-' '- .L--i..J. -r'-

29

-1.0

30

2' O'

io

-. , .lrO. ,..

 e"r--"4-k.r
  D.z. 2o ,nm L".

  D,T. 'O.2 ec. '

    2:O. . 3.0. 4.0 5.o
           .r"n-..r-"t-'r-  - L.1-..L-i.rt't n"- -ft--."r--'"  L-C.S. 13.:-::m!.sqc." '

 6.0

-M
  u

 (m)

.-

D.Z.

c.s.

D..T.

       J    .r

  LO

O rTvn

,i3o nm7sec.

'O•2 EeC,'.'-r'i.-...'

  Z.O". .3.0""L t 4.0.

      :'"`rt-Tr r.-l-':'- .i
                 'x.x-    - il                      L.r'- .t. r-.J". ..,. 'L. . .L':':TL-
                      'r.J

  5:O

iJ ' 'r' -t'i

    . 6.0 (m)

".r'  L--.x)

            LO 2.0 3.0 4,O 5.0 6.0 Cm     - t:.. tt .t :t 't -t t'.. t- t t .t .- X ..t --i t. .:;.t-
                 '
      Fig. S-12' R6sponseL Paths- df 'the -Automatidal'1'y- stLeehred

            . Combine.with the System shgwn• in Fig. 5-i

         The response paths of the automatically steered cornbine

             •• lwith the sys.t" em .i'n Fig. 5- 3 aice shown in Fig. 5-Z3. Xn the

                 '                         ttalmost all .experimenVs, the combine could travel smoothlyt but
                                       'for the Zow• spegd of the hydraulic actuator rod for steering,
                       -           -the narrow' deadl '26pq,viqvh oE the sensors and the too lomg de!ay •

time the response patih' S showed 'the self-excited oscillation as
                                                                   ,
shown 'in Fig!. s`14-whic:h obta'ined• for the 'exPOrinerit Nd-. 2. The

a' mptitUd'e' aridL'-the-"wa'v:'e ':length 'O'f this self.excitea os'diilation

was8"5 ÅérbHand t-1'. 5i•cm}reS' peCtÅ}velHy.- 'Tn Order'  to driScuLsS-:Lt-he[- ''
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20 Tiin
"dr' = 3S "vn

   L-1..-

 9•o

 20
--[•--L' .LT

    5.0
:3o tTm/seE

fi,o

llo .

Row 6fJRice plant

Combine Response Pbth

  ze
 30

-j-"-:t--t-'

3.0

S5

  5.0

mm/sec

6.0

No.

9.0

3:C-

S5
   F.O , 5.C 6.o
     2eO ptrnlsee eco. 24,

"-lr-"--t -NJL-"J

g•c.

3.C

3.S

".o s.e.
  200 rtvrT/iec

'6;O

No•

                   tt                                 tt      E.o 2.o 3'.e , ".o ' is.o, i 6.o il 7.c.' ,s.e g,om
                             '                                                '                                 .:                                         '                                       '    Fig. 5-!3 Responise P'at'hs o•i Lthe-Automeltically-Centrolled

                                      .t                           .Jl                     - ...-t t t:: .tt              Combine with .t,he Sensors shewn in--Fig. 5-3
         ///,itF"."+-•-i.11ii/,t•fl/ttLlitiltti'illli"i-.•e.i`-es'-,-tz';.;"':'3-:•//T,lllittiiil•;:/l'g-t.i-il/kiLIL`i'ii$".""/:,,ttTl'llll',s2-,`,.;./ssttl.:/..,'"glrtrri."iiTlilliil'"ittt,g-/:/,''

          $'lg'$-il//g•11s,,ge•••/////Åé-i,l-,1/egilidi111ii/g-,,///4re,y,#•-g•,/k,iaj,,

   'F:ig. 5: 1.4, an. E?camp.l e-,Q.Åíthe' l3nstable llespon$e Paths

fo'Jlow,ing• aÅëcuracy oC t-he a'utqpaat'ically, .steered• conib4ne,. the

squares of Rlvls vaZues e2 were calculated iTom the input and

      ,

l
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of the combine by means of
 calculated results are shown in Fxg• 5-ls

       :
       ' Delay Tivae
       '     - O.O sec
                  '     -- --- O.I

     --"- O.2
           t             i     ---- O.3 .       • i•              '       , 1. `' I
            '[t       tt 1                  '           .                  I
                        l                  ;.• l
      l
      l

      t'

  t..      '  r,7.d=IOmm T"d=IOrnrn Wd=Omm Wd=Omm
  VcT2futlsVc=ifut/sVc=i:ifthlsVc=2ikfut/s ,

                 -
             of Automatically Steered Combine
    of vaiues of 52 (systern in Fig. s-i )

   followings. we.re clarified..

 about Q.•2 sec was suitable,. andLfor the.

    stabi-1.ity of the Åëontrol wasJ decreased.

  zone width was about.•20 mm. ,-
                                    ttt
   ithe; hydraulic cylinder' rod was suitable

             • .. r...
  ' Fig- 5-15 Steering,Ac-curacy

 --. r."' by Me.ans
From these •figure.s. thel

1--). The•. delay :.time of- .

toQ. Iong delay.time theLi,

2.') .Tb,e sui.tab.1.e dead

3 ).:-,T.he lp,wer.speed. oE

1

rt
t/

l
1

t

'

A

t

l

,



 1 .s : ,z :'' .'•.-i•r.. ,i i'. v ' , :

                  A 5.0
     ..H.t t. It-H.tpa . t t                   g
 .L 1/, ..'' "": v:-
 - '["- J- ,? . 'rl`Ye' 'F.',:]

                  tg

                   as   I, .:[.L År.'

    '- -' . ''.• .' J ',; .:'r

 L'i -Fig-. s- l6 Steering.

           :. ..Cornbine•-by.•

 i'J/ " ..," r' . - '- in .Fig. 5,-•3 )

for' the ]stableJtravelli'ng-`• 1-

4 .) Z'if was•'-f•eu'nd'tha'ttthe'.

sien'sor' i 'which de'tectdd' the•' r'ow

of FÅ}t o" Perated SufficiLently•v-

6-5J• Conclud'ing ' RemarksL - •- L• 'L' :'

 -'- '• '--• 'T-he''followih'g• (• o'rJ•

by''rthe squares• 'of'-the RrgS

the 'x'nputi -and 'output, h6wever,

e2 zreto•'w'a$- not neeessariiy-

between the adjacent dividers
       ,

" t t ' M- 'L: t, jL

-/: )t

L. ,
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   21• 2.3 25- -- .r [
     22 24
  Exb'6fifueri{ 't7o'. '' ;

    t tLt. t- t t tt tt-
Aeeuracy'of Automatically Steered
  •.Means ofi.vaiu'es. of e2- (.'sy' stem

au'toma.tia 'steering:`sys.tem- with the

     of rice plantsftom on'e .sÅ}de

  steering )' ,a'cci racies were 'evaluated

varues 'e2' of' the deference between

     thb output' which made'the'value

 ••opt'imal. Namely, since the distance

    wa$ about 30 cm, the cutting
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o.ge.Fatif.p,coyld be qone witljgut following the row of rice plant

accuratel \. From the point.,of view oi the operating efficie4cy,

on the cp,ntrqry, .J't,.might be thpught. that ]the trav,elling distance

inc .rea F,ed. g.pd operq,tin.g ..g,ffi.cz'ep-cy wa,s .de.c.re.g.seg ,due to .the ,

aecurate folXow. B,esides, if the cornbine "was. steered freguently,
  -
the.,rp,g.F..x',pn o.f. ,g.h. e rnachine P.oay ,.Pec4Ipe, vio,ient and, the life tirne

og the ggmbine ;night.-be reduced. ThereEore, to determine the

combinatign gf. eag.h-,.param.et.er. which reduges the steering motion

aS far aS Ip.ossiblg- a.p.pF.oac.h. g.s .th,e trayellipg pgths to q straight

lin g,.an.d shortens the travelling gistanc.e. ( namely, decreases
              bthe v.alues of,e2 against the straight line År and which the

combine .ca R fol;ow the row of ri,ce plant .( narTlely, the value

Of ,e  ..ag,a. ins.-P ,,FLh, e.Fgw eg Ficg pl.ar}t is. q-e,cFgased ) will become,

the pxob"e.m i'n thg fgture. !n p. the;..wa.;d.s,.s"ch problem ;.s to

determ."n.e Yhe .o. p.F.i.gial p.a, ttL. ".n..the..mg,a.ping of the Ininimum .trg-vel--

li .ng di$tancg ana Yhe mipirnum. er.ror... ..,..,.

        . In order to deveXope the stability of travelling, the
               i
experimented steering system had the characteristics ofi the

d.glayedFeve{s,iop.Sro.m s.Veerin.g, to s.t.raigb.F trayelting .siTitul-gt-

in .g. the situa.t. ion when. the Ipan .operated. the combine, but the

tr .av el#ng oE ,bhe coTFI.)ine became ur}stable for the too long

del ,ay .Y,l. mg. •"HoyJevg;,. -in,,or,dgr., to reali.ze. Yhe srnooth travelling,

it teS.neq.g:ss.ar.y. ,1.:o .di$.cyss .tlie. .s.uiYg.b.,le delay tirne ip connection

w4,th the deapl.zone wldt.h. Beside.s, as Yhg furture problem, the

S\s.terrl ;yhighJ.dgtgrrr}"pe-,t,he delay.tilne Fe.fe;ring the distance

between the sensors and .t.he rovi of rice p.lap.t, namely the

closeq s\sFe.rn,, muFt, bg dev,g, loped•
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  'Z: ,.' Ll .':T . .1. .. r. /- ' . "tt tt '. ..t .. . /t , ... -L: .: '
                              's-  6. conc lu si g{.s -o F. Thl p. .ehaPter ",` .. ,.. ,,. , i. ,. ,. . /. ,.,

         The,automatic.steering $ystem which had two kinds of
  tL -J L t. .- nt .. :t. .
se

"sp, r fo{. 9g.PgC.Y, lpg.the rg,w .pf rice pXg.nV,P.y go.ptggVri.ng.i-t ..

was,examinedr Yhe response paths of the combine with the above
  ttr .. .t /tL :tt - Lt . t tt ttt .. .- .

PYSt9,.rn .t9...,,,Yhe,.9,rV;Fi9.i.ai..Eingsg.,idai rovf. .as the. input were. .,;..

deYe{Pin9d 9FJPeri'M9nt9,lly and the iu.pqam.eptal problems and the

futur g pr-,i.nciples wer.e" .qig.cusg.ed.

         The'restilts of exp6rimentg are as fionows.

       . .;.9F, "e aUt9MaY,.iC ,.S9gering .systgrn.w,:19,lj. ghe sensors .

        'detecting the row of rice plant from both sides.of the row by
 .t -/t 7t Tttt /.t rtt tLt tt- -tt ttcontacting itt
  -J 7t .. ..- -r .] -. .tt- Ll ' -tt
L .)

.,

,.AS .t .P,.e 9..e..[19,y. ,.tiree,foF. Fgs.to.r,.,ing frorn steering motion to

straight W-g.vgl. .yafi.,//..nc.rg.f.g.eq,, tPie F..g.s?.op.p.e,?a.th of. vhe combine

was .dis//yrip.g.d bgc'a.u. sg.,,o#..Yhg .exg.eg.s. iyg. cgrr.ectiops of errors.

2 .) ,,,,ii,.P .t-h.e. ?.F,aY9.-in.g.. V919. 9iFy pfFts.,.IT}.grea,s..ed,. the p.ath ,o.f the

combip,,g wg-p qisFFr.b. ed bfca-u,Fe g.f i.n, ert.ip eC,g.g.gl.,of the mass

of ' the combine.
 " t' ll t' /- tt 'rt' " t t' ' t'[lttLL it L't -ny '' tt       Lt3 ) Pecau.se of the double sensing device consisting of the rnain
   . . t-4 'tt

an9, S.B??. i-eP,9neg,.,ry sen.soFf t,. thg .cornb"ng., mvrtiyqilip.tt at the top

                                            ispe,e q.,:.as..gb.le F,.o, t-.ra.cJl,c 1 he inputL row ..Py mg-ans ,rof.., thg effect oi

tR,9. 9.YP?lgpe"F.ar\. ,s, enspFfi•. +

e ) T,l .9 -r9i91r;,9P.Fnip..s. bg.ti, eep: he. geag zgne width of t.he sensor

an.d. , iiF.gyeii.,ing "F-t,g.bi.Z...i.Fy ap. d .1 rg-g-k. ing accyracy cQuZd not. .Pe

       'found because the experirpents were not produced so many.
 .: d L J./r . .=. .L':'. . I. ''• ./ •5 ) The influenc' 6 of the delay time, travelling velocity and

dead zone svidth upon the phase shift between the Å}nput and

output paths were not found.

         For the automatic steering system with the sensors
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detecting the row of rice pZant frorn one.side of it, the
possibility of thl's tyPe of sensor was found and the experi-

mentai4 icesults are as follow`s. ' ' '
1 ) As the- 'travellihg ve'locity whs in:cre'ased, 'the Paths oE the'

c6mbihb" wa's' d'istutbed.' ' ' ; --
2 ) The dombine itravellin'g at the relativelY -high- gpeed could

                 -not traek"'  th' e input row because of the unsuitable shape and'' -

dimensionS ofi'the conStantlY eontactÅ}ng'link of the later

           ".sen'

3 ) The ' p' ath'oE the coinbine travelling at lower speed was more

smooth tihan tihe' Path of the' cormbihe 'with the sensors detecting

thel row bf ridb plant' froinJ both sideis' of it,may be because of' '

                                .7diiference of the mbde of sensing. " ' '
         The respohse paths- of 'the' co'mbi'ne igith the 'system$

menti6ned ' above to ' thd row' of riice plant in the actual paddy

fietd were deLterininda hnd the folfowi'ngL resufts were obtained.

1 ) [Dhe delay time`  i:E about oL2 s(Sc was suitablb, and for the

too iong delay' time the stability of' the control SYstem was

                              'decrea's e'd .

2 )- Th'e'  'su'itable dead zone'lvidth wgs about'20 rnm.

3 ) The low'er speed of the hydraulic cylinder rod was suitable
                                 rfOr the Stable tr'avell'i'ng." '' ` +•
4 ) :t was' fotmd that 'th:i autornatid stde'ring' systern with tShe

seri'
s' orS whichr det'ected 7the rew ef rice pZant Erom one side of

it' operated suffidz' 6'ntly. ''-'

  tt

                      .
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    -,,•... •i• •CHAPTER6 '' •'••• •• '•

    DigitaL,SiJnulation'of the,Automatically Steered Combine

      .-. The .automatic steering system used' 'for the/experiments

had the nonlinearitY•.suoh as the dead zone.in.,order to stabilize

the mqtion .-of ,thetcombinei and the asyrnrnetrY J.of:the•combine

body ('see-Fig, 6-1:),had to be'considered since .the expariment-

ed qombine"cut the plant diagonally forwards. Therefore, the

theoretical.nconsideration-of 'this control sys.tem wa$ .very difficult

and then the analyVical.description of the.behavior of the

sy$tem was complicated.. :And -the "optirnal-combination oÅí the '• '

parameters such asithe dead zone widthi delay .time, travelling

velocity and the speed of the rod• oi. khe hydraulic actuator,

as,suggested in 6-5i.became ,impossible by rneans o.f•the theoreti-

ca'1 analy,si's.' !n such a case, the digitaX.sirnulation technique

become effective. That is, the behavior of the system.is taken '
       '                  .apart and can be described by.a number of theH.comparative!y

sirnple,equationst •,and the initia•1 eonditions.,and•the variable

parameters are given previously.and• -the •numerical. pr-e'diction 'of

the•combine response .is achieved by the co.mputer. And .thus the

                          Y.optimal path•Qf. the combine                           decided by the method of trial and
                      could be
error through:the•digital eomputer' .experiments.,,. --

         !n this-qhapter,',the response paths of the combine

whic-h has the automat•ic•,steering systeTns.shqwnin Fig. s-1 and

Fig. 5-3 a:re p.redicted-.by:the digital simulation technique.

And tiheir applicabiZity in the actual paddy fie•ld• are deduaed.

MoreOvqr,. the response •.paths by the prediction .and •experiment

are.co• mPared .and the relz'ability of ma't-hematical'models for

the .steering..sys.tem•'•Å}s discussed. - '- :- . ••
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                                                 '     L                                                 '6-1 Equation of Motion of Combinek ,**,"*S, I
         Tbe reports on the anaiysis oi".the t}'5ek'eici vehicie

were restricted to the geome.v.xlc probi6rngi)t)k4.). Hgwever,' for

                                      i                       4the dÅ}gital .simy"atioti 'of the automatica,iZy s.teered combine
                           t .fitt.. r--t't r
the dynamie analysis of the tracked vehicle Å}s necessary.

Zn this section, the dynamic behavior oE the combine which

begins steering and straight travelling M'll be discussed

and the eguation of motion of the combine wil! be obtained.

         The assumptions to find the equations are as follows.
                            /
1 ) The travelling resistence of the fornbine for the straight
                                         'travel is proportional to the traveUlng Veloeity. Namely,

the equivalent visc6us daTrtping is introduced.
                                        /t                        '2 ) The pitching, rol.ling and yawtng MotFons oE the cornblne
                                  'are neglected since these motions increaSe the degree-of-,, •

freedom, and then the thotion of tihe combine is complicated.

Besides, since the eguat,icns, are coneg.rned with the plane
                                                          '1 "       1                           'motion, it is possible tq neglect these.oscUlating motions.•,,
3 i, whep steering, the centef ol 'turni'n6 iS fixed and I.o,cated ''

                             :                                                    .t                                      /-on the center Zine of the inslde track. This was contirmed
            /by the experiMentS. . ;: ,Y

 ,[-''"-
1

4 .)' i. ,Thg..lres.il,g.t. .a-nce 'of the, d6round tQ ..gurp.lng Å}s propoxtional

toithe turning •angular velocit\• ,,",' i
                            /t6-1-l Equatidn of "lotion fQr Straight Travel '
        '
        JThe lgeometry of the experimented cpmbine is shown
   'in Fig. 6-1. Note the asÅrmmetry of the''sensers and the
                       .        'turni-ng eenters. In this figure, the turning center CR and

CL are qe.fz'ped ,by..thg.poipt.aipou.t whic.h. the gombipe is

turned. The center of gravity CG was determined by the
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e\perilnent• tTh.e po.int MP .ind•.ieates the position aC which the

sV4nd.a. t,qised •$. and :. f !. pw$ .fro.m - i the ho pp ,er -. ,te •. dr.aw • the ' output .

pq. Vb, of !t.he- cog,tbipe pp t•he•,. g.x. pund . .Th. .e. ', .poinV MS 'shows,:- .t. he

tpidql e.-.poip#. o,f: sensgrs which is the representative position

of the sensors.

         -L.e-t.th.e .gene#,alized.cQo•rdinate be Cartesian x-y •

system as shovJn in Fig. 6-l and the center of gravity CG of

the combipe be-.the Qrigin'O.-The.x-axis is parallel to the

row of rice plant and let the combine travel straightly at

anzapgle -of'-,eo,'. to .the •x-axis. .The kinetic energy of the

combine,,at•th.e. point•Åqx,y) ts .f-. -.[ -: . = f,• ' . .. :•. ,
                                                             r  '
         •T i': ll• {; x'2 ,+ Y? )m '; td s -'', ( 6-1 )

where m is.rtiass. of t-he,,combip.e. .,The. di$sipatiOn function is •

                                                 '    -. F= i.{ k2 .+ Y?. )g m.:, L. (6-2)

where c representfi the eqgivalent viscous damping. The gene-

ralized forces are

               '                       -t                Lttt tt         Qx "= (FR ,+ FLÅr coseo- (6-3 .)

   "'-r. =. 9.y .'=i. ': (ER •+ •-Fs)s i:peo:' . ". :. .-.. '- . ',• ..- ( .6 -'4 )

i.'  iJ' ' i,k• l.-'•. ,L' '/ ' .,:.: L' '.L:-..'.I
where FR =. MR/R Lx'svthe driving force of the right track and

FL = blL/R is the drivir}.g force of the left track. IfiR and LML
are the t#4velling tborqu'e"s pf Jt'tie .th'g'ht,lap. d left drive sprocket
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ShaftS, reSp99ti-ve.1. \.-.• ul,..1.gl the ]gitch-radiu-s oE t,,he drive ,

sprocket. Substituting the Eqs. ( 6-l ) through ( 6-4 ) into"

Lagrange's  equation..gf.mot". ,on, tl}e following, differential

eguayions g.re. 9btiliP9d'.." ,. ,.. ,,;,, ,

   t.  ttLJtgl. --' ' ny tt -i                           '               t     .,, M\ +cx = (FR+ YL) coseo (6-5)
                      '
         mY+cY= (FR+Fz,) sineo (6-6)
                  '[vaking the Laplace Erarfsfoimations.of both sides of these

                     -leguations with the initial cp,r}q.IY,Fg.!}..s.,..x(O) = y(O) = Sk(O) = Y(e)
                                          t-t' t                         '= Or gives
                               .:t tt t                                        '         .s2x(.)." ..x(s) = g(FR' + FL)6ose, (6-•7 )

   , ,gtp2y (s) .t ..es,y (gÅr .ÅÄ. i} (FR' 4'F L,)si-.9o ( 6'-8 )

SOiVing fOr X(.,S F) a ll(IF,\(S?r reSpectiveiy, gives :.

                    R                L                      coseo                 m ''' '' • '' X'( S? -'-, s? (,s + c'/m)• - .. ,.. ( 6-9 )

    1'-.1 .'. .J,",•,.' ,. .. : ,,: •t ',

      ' X(S)• i. .2"(i... +- .!tu)... (6-io)

-- :'• '.".-Z= ... 1. '' '' L '
P.erforrning the inverse Laplace transformation the both $ides
                          ttof F,.hesg.,eqBatio.ns.g.Å}ves .the g..ool(7.inates of the cgnter of '

g{,4Ylty.,O#,-?he gpmbine, namely . .
                                 '
         .(t)=.gtl&i;-Ei2R+FL)cose,{}2st(e-i:t+m.c-t"i) (6-u)



           ny(ti=.t911t-ili-IIIil+F.L)sineo!!I:(e-fi.t-+-mCt'-x) (6"-i2)

                               c

           By the resuigs of -experirnepvsvpn the corrl6ine

                       KJ .-t t/. starting on the straight travei, it Whs 'louha that the

 starting tpriqug.pf the drive sprocket shaft was as shown in

 Fig. 6-2. From this figure, it may be appropriate that this

             .;A.                 ..--.t.t+t.t / -.
                      . -m..                 .Jg -.LA.

                   •" s                  -o        ,,• - Ei-c v
          L' L. ., .Cn !'R('L),

           .- •H                   ri

   r .);. -t                  `,g Tim'e (•,t)
                   e
         FJg. 6-g, Trravelling [Vorque of Combine at Starting

                  on Straight Travel
rea.l.. rto;gge ,,is. assumed. to be •given by' the..fQllowing equation

   -C-•t -1•'' .1 't , 'L :•u. 'L. .I' '[ L ,.J'':-
    . . - MR(L) " eqR(L) (a•e-El + z.o) ii .• ( 6.-i3-)

whe.are a.apd [r. must. be.determined by the experiments. [rhe

constant a is non-dirnensional and its value is 2.0 and T is

O.5 sec. u .              :J :I -•
          Zf the driving forces given by Eq. ( 6-13 ) are

us,e.d.inst .ea.d.oS thet sSep".Tise-• d•r.i'vipg forces FR and FLr which

are rtpsed,iTi.Eq. ( 6-il } and Eq. ( 6-12 ), the coordinate of

the eenter of gravity of the combine are given by the

following equatipns.• Using FR = "JIRIR and FL = -ML/Rr

•.'1'.RÅqt')Åqa

''

+.•iil)

)r

'

.

o•
/tt

t-p
'J
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          - t.                                   '
i-

x(t)=-SEt!!!iSk-ZklR+'TL)goseogsi(e"ilt+-.ct-i)' ..

                       c
       tt. . .J:                                                ct         -, 4a(TRR+.IL)coseo[IIM;[ i + (./. i i/T) (-Tie'-illt -- ICie-T-)]

        .
   y(t) = (TRiiii TL}sine,u!:(e-iilt +-..ct - 1)

                       c
           +a(TRR+rn TL)sine,llLm[ i + (./ra + ilT) (-ietlllt '- "iCfte-li) ]

6-l-2 -Equat--on-of Motion for Turning ' -
         Let the generalized coordinate be the turning angle e.

The total/kinetic energy of the eombine is gÅ}ven by

                     '

where J repFesents the. itiass-. g.!pment of-. inert-i'a about the axis

through the turning center and the s'ubsdript R or L indicates

t.hat .t4g st.eering is.. ptghtward o= leftsN-,ard. The equatiop of .

gh.e .4ghtwar.d t.u4ning motio4 of- .the combine is as foZlows.

[Vhe dissipation Eunction F is .

         F='t c.k//i2'; '- I (6-ls)

   J• ;.-" 1 ; J :- L .L .'.,.
W.here crR.is the equivaJent turning resistance. The.generalized
                        .t tL ]t#.OF,Ce,9.e,:ifi.. .. .,,,.,.. ,. ' --•-
                 ta
               '             '                                         -

                     L
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                                                         1•S2

where FL is tlie driving Eorce of the leftside track for right-

ward steering and bCR is-the rightward'turningitorque byLFL.

B Å}s a tread.

         SubStituting Eqsi. ( 6-15") -and ( 6-16 ) int6 'x'
                          'Lagrange's equation gives

       -'; '•- " - •'' ' ': ':' 'T '. ', .' .. i.
           IT T        -JRe -+-C,tRe == riLR' (6-l7)
                                            '    -Taking the 'Laplace: 'transformation of both sides of Eq. ( 6-17 )

                                          'with the initial conditions; e(O) = eo and e(O) = O, we have

        '
' ''- JRs2e(s) -sJReo' -+ scrRo(s) te I}'iR (6-is)

Solving for''e(s') ' gives-' :', ' •• •)
         e(S) i .2'(.t-'Slil("lillR/Elp.) + (."+ 20.R/JR) ( 6"l9 )

The turning ( or steering ) angle after t sec is given by the

inverse La' Piace tr'a'n'sfortu of' Eq; ( 6-19 ). Narnely

                                   '         eÅqt) L ('(t.'iii; + eo)-eJC:Rt +,iL,i.-t.1 -- ,bi!Il'J.S-- ( 6-2o )

                             t t.t                                            tt /.
The value of e(•t) at the instance when the tur.n.ing has finished
                                               'becomes the initial value of the next step. Tlie,re.for6i for the
                                             .t
rig' htward steering the coordinate x(t) and y(t) of.the denter

of gravity can be given as the function of the above-mentiohed

e(t). Namely, Erom Fig. 6-3, they are
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        x(t) = DGRR{sin(ct + eo + e(t)) -- sin(of +'ee).} ( 6-21 )

   L:•i. -•- • : .-.
                                     . . / '-' . ', r                                          .-        y(t)t= DGRR{cos(ct + eo) - cos(ct + eo + e(t)}i ( 6-22-)

                                              '
rn the sÅ}milar mannert for the leftward steering the turning
                                                  :
angle after t sec is given by

                           -c                             rL                DflJ                               t "u                                          MJ         e(`t') = (ciLll '-' eo)'e JL + crLz,t '"' eL } ' C 6-23 )

 "L' .i {r•r'' '.'' - rL •-
                      'The coordinate 'x(t).and y(t' ) if -tihe center of gravity are given

as the function of this e(t) from Fig. 6-4. Namely,
                                      L.t t
          'l: Li.:. "

         x(t) = DGRL{sin(e(t) + E• - eo) - sin(E -- eo)} ( 6-24 )

  'r "t -t 1 ttJ-L 1': ' t"t
                                    J                                            L-        y(t) = DGRL{cos(e(t) + B- eo) - cos(B'-- eo)} ( 6-2s )

                                     x

                                     .eo
Fig. 6-3 Geometryi for

ward Steering

. 'L- 1 ,• .L.' h,

'r'  -1 ' /r !

 '
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e•(t
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hr.

.



                          '           '   '   Fi"g. 6-4 Georne'tty for' LeEtward

              -                    '            Steer-ng

    . From the experirT}ental results, the actuai torque of the

drive sprocket shaft is as shown in Fig. 6-5, and is goveucned

'by= th'e-following equation Eor tuTnÅ}ng..' -

                                     t+                                    ---                  -         MR (L)'= TR(z) " RTRcm (1 -e T), ( 6-26)
                                                    '

                   'namely, as,.shoym. in?Fi' g;: 6-5. t,

   'Fig".., 6-5 Trav'elling [eOrkl[ue'• `i• -

X: :'- '"• '••of •'eombind at Sta•rtlng

            -ori Ste'eri'ng -

   L., 1..I ,.,L'. -t ;., - ../ ,, .- z. -] . .. ,.. t                                        '                                         L}                               ` ' Tzme

       -
.!' f-'thiS - a6tiuai- -ter'gue is •used instead of the torgrte pa.Rr 'which

                                             '                                          ' is used -itit Eq.-•('6-1-7 ) throrigh Eq. ( 6--20 ), the tu-rning

'atigie a-ftet :-t Se'c is gix7en•by 'the Eollowing equation.

`Su6St-it'u'ti-ri' g'' Eq.:('6-•26')i•into Eg. ('6-17 ), taking Laplace

•ttari-s'-fdtrn'6f-•thi"$''tresult, solving about O(s) and taking

 inverse Lapl:aee -tranSEorm,'then e(t)-'isr -• , • '
                                                        '          '

IS4

x
'

CG .

eo

e.(v)

-,DGgS'
.-

CL eo
.

!"' .

st T. + RT.
.rl

ri U
H s

..-or.t•År .v..
M ' 'tt.

as o
p e

•' ,e .- tv

..tt TR(L)'
'

Lt
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                         '                          t-t                      -t                          c                           rR    e(t) = TR IRRTR g.Ri2 (e-J-R t+ g:Rt - i)

                                        c                                         rR  - r '- giTR [! + c.R/J: . i/T (-Tie-J-R t . 8:R.'-$t)]

                6rR '
               -t                JR
          + eoe

The moments Qf inertia JR and Jp are given by

         qR=JG +.l2in {DGRR)2 (6-27)

                                  '         JL =-,JG+42FmÅqDGIu,)2 . (6-2s)

                                                   '     Lwhere JG is the rnass mornent of inertia about the axis through
the centet bf gravitY and m is rnass of the combine.

      , ln prqer to predict the motion of the combine steered

automatically, the coordinates xs(t) and ys(t) of the middle

  .poznt of gPe,sen.FoF.s and the coordinates o# the contacting

points of the links with the row of rice plantV. And the equation

giving th .gse,gooFdinates are different between the sensing
systemsas beell as ' tie turning directions.

1) ,The..control .s.\step shown in Fig. 5-l

a ) Straight 'travel

        ,As showp in Fi'g.. L6.-1, the coordinates xs(t) and ys(t)
          '                  -          .of the middle point of the sensors are given by



                                                           IS6

         xs (t) = x(t) + DGS sin(O - eo) (6-2g )

         Y. (t) =y(t) + DGS' cos(Åë,: e,) (6-3o )
                                       '

                              lt t                             .t l. Referring Fig. 6-6 gives tbe• coordin4,,ges•--of- the contacting
                            i- 'tst t--'t tt
   ,po-nts  of the links ti)ith ehe rbw oE`Å}fice plant.

 i) Faront right sensor - -•                  .s .

         xMR(t) = xs(t) + S21 'iScoseo - i!utiw$ineo ( 6-31 )

                             '

         ytvm(t) = ys (t) + -Å} issineo + -! -Iwcoseo (6--32 )

ii) Frofit` lett sid:fi'so.l-"''":''''t' '' r -

         -:m(t,) = Xs,(tLl .1, ,tit 'fiSCosep .t, -Å}/'il[rifsineo (,, 6.r;.3 År

                   /A rt                        tt. t            '                                  tt
         yML(t) = ys,(t) + !llaSsineo •- 42u'v!wcoseo ( 6-34 )

         /. t       /1.t .. t ..r ;. tt LI. . /. tl.

                                                           t        '                                  'iii ) Reai- e!Lghl'i: 'ii`li'fi-l,.ll,s '',:"'i i' '`-• .'- •:' :,: -

                                '

              tt         xSf (t) ÅÄ xg:(l) - -Å}"is.o.-e,'-- gbwU..-heUS' - ' '" (' 6.-3.s. )

                                                       tt t t'

         YsR (9 = l. f.. {i L( F) . ,: ;li-VaSs l-n9o ,. + .}s vcrg. ose o,. , ,. .. , , (. 6-36 )

 T tu :. '. :L .L- -:tl .L tl Lt- .r . "-" J/: ':- - .' / -. L -. T

      t-t. i"' Txsz(t)''i`xg"(t') -' -!ic' s6oseo + }swsineo (6-37)
   l" ••:.-- - :--i ,,z-.
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               i,N

                                               '
                                             /
                                                   '

                             t t. ,. .. 'd
  '' ' ]' ''f "' "

       Fig.6-6 !Jocations of Contacting Points of Links
          .," with Rew of Rice Plant LJ '•

                                 1-         ysli•= ys(t). -•enSy6ssineo -- iswcoseo {- .• .( 6-3s•)

                                                         '
b ') ,RÅ}ghtviard.steering

        The coordinate xs(t) and ys(t) are gÅ}ven by
                                             '            l' - tl : J -... 1./ .L
        x (t) = RsLcos(x + eo -e(t)) - DGRLsinÅqB- eo) - •

             . .- l i- .-. , - '. . (i6 --•39)

,u  • ', J'  v ys-(t) .F. .Rs Ls in (x + eo - e(t)) - DGRLcos{6 - eo )

         ,l:' '':,.' J.,- ,' -- ,L:/ L .- .,i' ,'..('6 .r-40 )-
                                        '                                                        .t
The coordthpates of the contacting• points of the links with the

row of rice::.plant :are•given .as/ follow$. -

iL.):Fro•nt right sensor

'
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    "i '' ' • -Xttllk (t) ny =' 'ks (t) + Å} :scos (eo + e (t) ) - -! iwsin (ee + e (t) )

         '                                 i- ':, ,.L,• (6:41)
  ' -'- yD4R (t) '--= ys (tÅr +- -! ssin (eo' '+ e (tÅr ) + ;!"lwcos (eo + e (t) )

            +                          '                                                      (6-42 )

ii ) Front left $ensor

                    '         xML (t) = xs ("t ) + -ll tscos'( .eo + e( tn) ) + Nll wsin (eo + e (t) )

                      '                          tt                         t1                          , ( 6-43 )                    t ..t         ypix, (t) = y. CC) + -III cssin (eo + e (t) ) - illl Niwcos (eo + e (t) )

                         ; (6-44 )
             -Iiii ) Rear right sensor
             '

     - [' 'J- xsR (t;) •= xs ct)• - -Å} seos {eo' + e'(t) } - llsws in (eo + e (t) )

              :"' l]'- •- •J.I• •. .-.-•..•- (6--45 )
  ' i-j ] TysR (t )L `= ys (t) - -l ssin (eo + e{t)) + }swcos (eo + e (t) )

                                                      (6-46 )

iv)Rear left sensor' -•' - -"'ri
         x' s- L(ti) = x. (,t ) " -I ts eos (eo '+'e (t) År + }sws in (eo +' e(ti))

                                                      ( 6"-47 )
                                         -
`'  -ySL(t) '= y.(t) - t!nssin(eo + e(t)) + iÅ}-swcos(e, + e(t))

                                                      "( 6r48 }
                          ic) Leftwarq-Stebri-pg ,".tz•-- :- '- ,...]
         Substituting {eo - e(t)} into {eo + e(t)} into Eqs.( 6--

4-l ) throtig.h. "(' 6=48-År•give$, fhe'coordinaftrs of the contacting

points of the links with the row of rice plant for leftward

stCeÅ}ing:i ': •' •'i .t' . ,., . , ..  .,- L



2 ).Ihe gopYrgl .sy, stem shown.in Fig. s--3 :

4. ) S,trqight.itFavel"

         The,.cop.Yacting points of the,Iipk$

rlce plgnV g]re glvgn ]?y .reEerring Fig. 6-7.

    ,- : ./ ,. ." - -,

                         Front Sensor
                           wtddle PoÅ}nt of
                U..Rer lx//N/ .SenSOrs

                    'sense)i Nl

i)

ii )

The

F-g.

'Front .

   -.-t .-

6-7. ,, LocaP,ion,

    with Row

s e. n" $ong.

. ;MF .(t)

Yb[E. {,t )

Rear . seps g, r .,

  \"aR

..

. :--YNiR

X.. (t)

Ys (t)

9f

of

MWI

CQ-ntactlng

Rice Plant

..+.,geS l[s-coseo +

        '+ 1Å}lsfs$ineo -

(V, F i, Ct), - l5 cscose

(tJ,)•• -= Y. {t) - Å} ISsine

coordi.na.tep Qf .the. midd,le

.with

,

Point$ of

•X2IYIPITs zp9 o,

l
M2![Wcosed

e- rm! if$ineo, .

o + -Å}tvlWcoseo

PQ,i ng qf , •the
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Li.nks

sensors

rpw of
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( 6•-49 )

( 6-50 )

( 6-5.l )

(6-52)

 x (t)
-s and

'
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ys(t) are given by Eqs. (6-29 ) and ( 6-30 ).

b) Rightward steerSng -
   ' It is assumed that the turning centers are not located

on the center lines of the tracks, as s.hown in Fig. 6-1 but .

Iocated outside the combine body as shown in Fig. 6-8. The

coordinate of the center of gravity is given by
                                               '
                          '

         x(t) = DGRR{$in(e (t) - eo) - sineo} . ( 6-53 )
                     '                                               '                     '                                '
       •y(t) = DGRR{coseo - cos(eÅqt) - eD) (6-s4 )

                                 '             -
The coordinate oE the middle point of the sensor is given by

                          Ls- 1'                    /                                t .t-
               '         x {t) = RSR{cos(6 + eo - e(t)) - cos(6- ee)} ( 6-55 )
          s .. ,--[
         ys(t) = Rsil{$inc6 - eo) - sin(6 + eo - e(t))} (6-s6 )

                                 '
                                '
Thecoordinatesof the contactingpoints of the li-nks with the

row of rice plant are given by the fiollowing equati.ens.

                                                  'Å} ) Front sensor

                                               '                     .                                          '
         x-rvzF(t) = xs(t) + ;5"lscos( eo+ e(t)} + 1!lvawsin(eo + e(t))

                                                      ( 6r57 )
         ynv(t) = ys(t) + i!"issinc eo+ e(t)) - l2 wcos(eo + e(t))

                                                      (•6-58 År

ii ) Rear sensor

         xpm(t) = xs (t) - Iibiscos( ee+ e(t)) - ;SMwsin(eo + e(t))

                                           • (6-59 )
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     YMR(C) Ti Ysi (t) ' l!4Ssin(ee + e(t)) + {Å}"Ewcos(eo + e(t))

                                                   ( 6:6P )

 t.e.f;g:.:gtgtg;ri:g.' ...t.. .f g...ity of the d6fubine is`given `'

                    '                                        t-
                    - . 1'x(t i' == DGRL (sin (e (t) - eo) + siheo ). "' , ( 6-6i )

    -Jy(t) . DGki,(cos (-e (t) - eo) + coseo) ( 6i62 )

 coordinate of the center of the sensors is given by

      xs (t) = RsL{cos a + eo -- e (t) ). - cos (x + eo)} ( 6-63 År

      y.(t) = RSL{sin(X + eo) - sin(X + eo - e(tÅr) Åq6-64 )

 coordinates of the contacting points of the. Iinks with the

 of ribe plant are given as follows.

 Front sensor
 • xpi]!(t) = xs(t) + -!iyiscos(e-o - e(t)) + S wsÅ}n(eo -- e(t))

                                                   ( 6-65 )
     YtcF (t) = y. (t) + ;Å} l!iSsin (eo - e (t) ) - -Å} wco$ (eo - e (t) )

                                                   ( 6-66 )
               ,
) Rear sensor

     xNiR(t} = xs(t) - 1!Mscos(eo - e(t)) - FÅ}"riwsin(eo -- e(t))

                                                   ( 6-67 )
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   -- I, t i y. MR. (t.) f y,s (t} .- diÅ} is s;.n. (.eo , ,T e (.t) ). + 1Å}-lnwcos Åq eo - e ct) )

   .,,,•..T., i-US.X,P,.g the, M.a.tl;erpati,g.al mpC.l,el of the con.trQl .system which

was consYr.pcteq ,bylhg.,abg,ve-me,n.tigned equations and the logical

flowchart r-ep,F. esepVed, in the. pexg. secV. io,p., t,he• digi•tal simu.1. at;.p,n

Of.Yhe,.r.9s.P,On5e,.path.s, o•f tbe ap.topat.icg.Zly..steered, cpmbz'n-e..wa,$

perf,Orl.Fig,d P.y. ,tb.q..F, AC.9Itr.1 ?,3qr60.. aigiP.al-computer 4t Ky, g-tg,. university

DaY. .a, p,r.gce. ]s,s;ng ., Cep. Y.er.• , . 1' ,.. .-. -- -. .
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               '
6-2. Logical Flowcbart fgr Automatic Steering System

    Sirnula't't o'n'- ' ,

           '6-2-1 Systern witih therSensors Detecting the Row of Rice

      Plant from BOth Sides of lt*
             tttt t        ,. The process in which the sensors detect the row of rice

plant and determine the steering direction is represent"eid by

the flowc .h,art of 'the upper part in Fig. 6-9. In this process,

the combine is determined its steering direction ( that is,

rightward p; leCtward turning ) by the sign of deviation oi the

contactÅ}ng links. The flow chart in the lower part represgnts

the action of the main circuit. Zn this•flowehlrt, the first
dicision.process. compares the devia' tx'on oE the ' con#actÅ}ng

link of the rnain se psgr OILD ),with .the deviation of the supple-

mentary gensor ( SLD ) and when MLD is larger than SLD the steeing
                                      -t                                  ttis perfoMed bYLthe main sensor ciFcuit. Pthen- SLD is larger

than lmP''bn the 'c" ontrary, the steering is Pet'fo4rmed by the

supplementary ciz.cuit as shown in Fig. 6-10. As ' goon as "ILD

is occureai'n tP,z's'case, the steering iS perfoimttd by the main

sensor circuit in$tead of the supplementary cir" cuit. :n Fig. 6-9,.

MPSWL indicg.Ves the dead zone width of the rnain sensor and "ISM
is the strok6'of- th.ev..r.Qd p.f hydraulic actuator eontrolled by the

main sensor eireuit. rn Fig. 6-10,SPSZut] indicates the dead zone

Widtb of ,.the rsupp.lepae4tary sensor andr "ISL2.is the stroke of.the

rod of hydrap,4ic.gct,uator, .controlled. by the suppJementary sensor

circuit. Zn th4s eKperiment, since MSLI is larger than MSL2,

..tvh..e tuyning "radlufi .by the mai.n sensor gircuit ls smaller. But,

since the differenee between the radii of the steering by those

circuits was not confirmed according to the experiments, the
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obtained as shown iR -A.pp.gp.dix A at Vhe this chapter.

6-2-2 System with Sensors Detecting •the of Rice Plant frQm

    ".] On"e' '-side:;.'oi. :t*t. .,,i ']i•. :•,,' .." '

         The 'logica-1" flb'wchar.tL iorLthe automatic, stgeri'ng system

Ss''shewh'tm;Ei'g. {6.N"; :•n 'th'is floW'c' 'hart ••arid RbCS reprlese'nt

'the mb' citbSw;i'itch.es bft"the front• arid •re'ar--s'ensp. tst -reSpectively.

'FD: indicates.: the:"d'ifferencei between Y-cQordSna.t,-es •of' ,the

                                               -



l67-'

                         START'

                                         R.ETtRN '
                                        POS1T:ON
                                        TRAVEL'

                        DEVIAT1bN                         'År ZERO?                   T:,,,L V

             ll,I -' (. evRi,i;Dl, ltlT 'iii -- ,( p,Ri. /iDTRt :tT '.SAND.

                                        YES
                                           '                                        SET
             P,ElilNE•IVE,EfuX•2XE- ?,,Efilny,NeN&2F,,SRKE=

.::. :} ..lt,t. :

                                            :N6',

              CONTINUE TO CONTrtYUE TO              TVRI" 'TO' LEFT TURN TO: RIGHT

                                             N.O

              8PaisE? 9UT• g•/1.5 ,•E\ •OUT

                                        '              '' ,k ' '':
                                                     '

,.•  -- ., ,' ]•,L..7;E, •• . I,z".• 1 ..t,.' [- .. '. .       tv
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contactingn--poi-.n.t given by Eqs. ( 6-50 '), '.( 6-58 ) and {6--66
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Eqs. ( 6-52 ), ( 6-60 ) and { 6-68 ) and of the stump of riee

p!ant.

         AccordÅ}ng to this logical fiowchart, the simuiation

progrcamm was obtained as shown in Appendix B at the end of

this chapter.

6-3. Computing Results and Discussions
  '
6,73-l--System w-th Sensors PeVecting the Royg.. of Rice Plant fxom

   'i TsBit)th szdeS Q'fi' i': E* •. •' '- :'- J '
     -tt t-t tt t- tt tt   • In brder tio obtain.the, a.ecurate estimations of the
                         Lt/ .t t                         'constants su6h,=as mas?s'Z moment of iiieTta'a about the steering

center andv,,#he. equivalent viscous.-damping, the digÅ}tai simula- -

tiopS x:7ere'caacried out ass.uming the various values of these

               t. It tcon
F,,tantg for th'i':S elr-titiq.Pl sinusoidal •inPirEsi used Eor t,he

                       '   ,experiments and the constants which gave the leaSt differenC,9.
betw,een the'  ' simulat' i6ns and experiments were adopted Eor the

dzgital simulation to the actual input row of rice plant in tne

paddy field.

         The compUted results which gave comparatively good

agreern"ent •with 't,•he-.fueld experiment are shown.SniFig. :6"l2.
                                                               '
In this figure,.Jh•e input rows are indica•ted- s.tePwi$er wi•th the

solid line. In -#. hei field experiments, the input row of plant zs

di.s.cr...et.e. qnd.,th,t:s.input is conv. ert'ed to t•he contimuOus[ input'-

b' y,. Bsi p. g, :,, ehe qop. t. a.c- ting tipk.•of. the fi nite length !ohger• t. than .•

th- e dtt' .s,.tax. c. e- h..etw.e. en:.Vhe, -adjacent, •. sturnps;, . Zn the ,d• igi' tal

simuX4.g#op, pE. t.h4s .chap-t.eri t•he sensin9 method rnbntioned above

cqv,l.d b.e-:e.opsid.ered. as the O-order hold -n the samplededata

eontrp. I••.SYstem and. then the input•' was,.shown b•Y the series of

SCeps. :The pa.t.h.s represented.by the b-roken andLthe'dotT:dash
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    of the middZe poi/nt of the sen$ors.

  be' apprZoprtate to assume that mas,s
                                     '
 J about the centers oE the rightward
   [J
 eduht" and' '"35 kg-m--sec2 and the eqinz--

                           turntng and      aT'e IOO kg-m-sec for
  trav.eii These constants take

dif'fbt6ne s6n'Lconditions and taachiies.
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6-'3•-2i'sYstiemt"with senS'orS Detecting the Row of RÅ}ce plant

      from'On'e Sid6 of 'tt'*k ' ,i
--  " i'  The siin'ulatz'6n r'esultS carried'out for the actual d'ata

im"' th6['i'-`era'are sh61'n, 'iri'u'Fzij.'6-14 bS'the solid' lines. Ftom '

tll-e`"ge Ei:'gu'sces, it' was' f6und that the digita! szmdlated c6mliine

                                     L                                                  '1w'a'S' s' teier'6ai'le'sS' than 'the experirnented corfibine, For examp!e, in'

Test N6".i':21 the 'numbers of'niovements of the hya' raulzc cylinder
"J6-te''62 foi' the';ti'ghewar-d' sEe'b"ring and 27 for the leftward

g:{''e`etii'g, but''tn case"'efi lh'e digitai simulation thgy were

eqdai'''i'na' 6'niij is;' sincd' the di'ifferehce bdbeeen' ihe snmulation and

ekPt''i'"irnent '-tea'Ls c6nsiderabte' is 'm`e"ntione'a' ab6ve, "thei pr6'b16m in

the fUEutte" :d'eveloPrnent of the' Jautofu'aticrsteering for the combine

hay 6e "'to :detdrmti-ne eke' 6'xac't' "mathematieat'1model 6f ' thel' tti'Lc' ked

vehi'cfe '"'and ''t'he'  accti'r- atel cbnslta"n' es Lsin'cTh'tiS' :the'melss' moinent of

i'fieftLa//fti'e- tietiiicie "and' 'th6 eajuxvalenti i'iscous dampiti-ct '
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6-3. eoncZusions of .This'Chapter

         rn order, to "determine the optimal combination of the

parameters in the .nonlinear control system, the digital sirnula-

tien technique rnay be effective. Zn this chapter, the matheTnaV

ical rnodel ef•the autQmatically steered combine is proposed and

the .applicabiiity ot the• automatic steering systemVis discussed
                                         in the field
by this technique. Moreover, the reliability of the model is

discussed aomparing simulation and experiment results. .The

foUowing results were obtained.

1 ) The digital sirnUiation of .the au•toMaVic steering of the

combine-suggested Ithe possibility of the utilization of the

experirnented system in the actual field.

2 ) The'pxed-icted paths of the automatically steered.combine

were smoother than the experimental resultsr Thereforet the

appropriate mathematidal model for the dynamics .o•f the tracked

vehicle must be developed in the future..
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                                              'AR,lp'endix -.A' Simuiat'stYn programm foir ,Aut6ha'tieaiiy steered . t:., --'

l•,l,-•''i l.Ii..i.1.l.i,llp`"iji.i,/ll/I.;?1.lie.l30gliiL,DeF•7rl,1?1.[.B?.rOIiR..i.9ei.,ii.l,,r."t ,.".1.1•i.,l.i

   /' t' L: rtt ['t

   . " The constants ,used in this simulation programm are
ag;;o'1i9wS"'i'i-,, l..,''- '''' --•

     .i J 1- -
                               "                tt tt /  .•' :; N FI ;5QLO .,, ":.. ..i-.D•T= O.02 sec DRIVE = O.O rad

  . .- TR = 8.5 kg-m ,AMP = O.l rn T= 3.6 rn
              '                                                         t-          '  7, ,1 ps) =. p..o thd - . ,." ,, cvR = O.065L. m/sec " •, :.mai= Oi m
  '"' '' bM?si)ifR l'l•l g,i]T.oi?' rni'- 'i., - 'Sbst,izt = o.Q2 tlt" 1. •-'' ,'i' iLt4p - o.,i m .-

   . 1::;!-:,,3'"6-m ' - psz = O.P raq J•,I. .cvL '=.P;e55.',rp i,

            -.  .[...,, 'Al\iP = .ll..O kg-m - DaPSW;s = O.O12 m • -IS,PSW]Li-= ,O.02-rn
  .  'I'lili' TL =.,. s•s.'lkg-m ' ;'t7M =l:76''.s kij-fu'l-sec2 ' '- "

  [-';. •,,. C TF 2s,Lkg'-fu-l•i'i 'cR '=''ioo.o kg-m-sec

1;•:.-,';:.z-/1..-,•:,i.:'lgil'•"T,..'.,ll''i;-"/.:'ii:;l1';',:.Ig':o,Å}:: ,'':lgR.:/Lz':o,:gz::z

  , -':' '•J Z' 1' •: '

  [i '11; ].' li 'i.] , .:.. ' '1' ,. :. .,zr r ,., L't "'

  'r,' 'i ' -. ,. ,z•..11-r 7 ,.• -' .J .;.:.. ,. .-r

  :• -.
  li, J ': 1, .J .. -L. ;1. L" .1 -, 'r, ,' :, -,L .,. ./ .
  i': 1 •  .,,, [,ii. :1 . --,liIi 1.l'L•1 ll.,-i l-,,i, 1'-•,ii;•.'I'1' li.;,..[--I-l l"[1, i i,,

  ' I: IA" ';'' JI II '.i'1 l' ' -..'-r ,,L .i ' ' -L '" .. '` '' ',Ji 'i i.'1 ''' '1 ;J. 7I. .L ,. . , ' .:. .
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 SIMULATION OF MLr)TION OF AUTOMATIC STEERED COMBINE
 RF: AL,' MYSL , MY .S. R , I'ID5L ,MDSR , MRY,MRDSL ,MRDSR , t"IXSL , r.:XSR , MPSwR } tvfi.PSWL , MSL

                      .t1,MsR,Nw,M.S,MVICT,,M5ST,irlSCT,MRX,MYSRO,MY5LO,MXSRO,IAXSLOiMWST , "
 DlMENSi'ON X(2000),Y(2000)iXS(2000),sy;S(2000)!MYSL(2000),tvlYSR(2000).,
lrvlDsL ( zo Oo•) , rosR(200o) ,'SDsL(2ouo) t sDsR (2ooo) , THETA(2ooo) , tveRy (2ooO) c
2MRbE L Åq2 C)O O• ) "ARbSR (2000) !SRDSL(200e) ,SRDSR C2000) ,SY5L (2000) ,5YSR (2( ,
30QÅr,,vSXSLC2000),MXSR(2000),5XSL(2OOO),SXSRÅq2000),SRY(2000),XSL(200C
L,-) , RMDs t. (2oopÅr , RtqDsR:(2ooo) ,RsDsL (2ooo) ,RsDsR (2ooo) ,cp (2oo) ,MRx (2ooc
b) ,, Rx(2ooo)
 CP IS MEASUR[•V Y COORD'INATE' OF RICE PLANT ROW
 N: IS l"UtJIBER QF DATA
 NR IS DELAY TIME FOR RIGHT STEER!N6
 NL IS• DEL.AY TIr,IE FOR- l.E.FT STEERtNG
 KK 'IS TEST NO.
 AMP IS .AMPLITUDE OF ROw AS INPUT
 T I. PERiOD OF ROW AS INpUT
 PSI -I.2} PHASE OF ROW
 DRIVrE.1S ANGLE OF IN11IAL.TR,AVEL
 DG.5. IS DiSTANCE FROM CENTF-R OF GRAVITY TO CENTER OF SENSER
 CVR .JS SPEF,D OF HYDRAULiC CYLINDER FOR RITHT STEERTNG
 CVL- -IS SPEED OF HYDRAULiC CYLINDFR FOR LEFT TRAVEL
 MSR IS PRESET RANGF- OF DISPLACEMENT OF CYLIiNDER FOR RTGHT STEERt
 NG BY MAI,N SEN$ISNG POINT
 MSL ES PRE5ET RANGE OF DISPLACEMENT OF CYLINDER FOR LEFT STEER[•
 G BY MAiN' S,P,

  SSR
  SSL
  TR
.H TL
 .. GtVl

  c
  itS, J R

  NAT
  AJL
  N
  CR
  AMR
  AML

AT

  ;S PRE.SET RANGE OF DISPLACEMFNT OF
  IS-'PRESF-,T RANG,F- OF -D.lSPLACEMENT OF
  IS TORQUE OF RIGHT READ AXLE
  IS TORcDUE OF LEFT READ AXLE
iS MASS DF COMBI•NE
lb EQUIVALENT VISCOUSITY TO STRAIGHT
I5 MASS tV:OMENT OF iNERTIA ABOUT AXIS'
RlGHT STEEEIENG
IS MASS MOMEtNIT OF INERTltFbL ABOUT AXIS
 LEFT b1-EF..R1NG
IS EQUIVALENT VISCOUSITY TO STEERING
ls MorvlENT OF -RIGHT STEERING +
IS FIOMENT OF LEFT STEERING

CYLINDER BY
.CYLINDER BY

TRAVEL
THROUGH

THROUGH

S T-EER 1 NG
FIPSWL IS PREn-SET BAND WIDTH OF DEAD ZONE OF rvlA[N
s`i'EERLI NG

SP5WR IS PRE--SET BAND WIDTH OF DEAD ZONE OF SUB
5TEERiNG -
SPSWL IS PRE-bET BAND EIDTH OF DEAD ZONE OF SUB
TEFR]N(,
X h I5 X--COORDItS"ATE OF THE POSITtON OF TI E CENTER
Y IS Y-•COORDINATE OF THE POSITEON OF THE CENTER
XS 15,X-COORDINATL OF MIDPOINT OF THE SF-NSOR .
.YS IS Y-COORDINATE OF rvtlDPOINT OF THE SEN5, OR
tvt7ttSL lS Y-COORD1NATE OF LEFT CONTAgr.TiNG POiNT OF
MYSR IS Y-COODINATE OF' RIGHT CONTACTING POINT OF
SYS.L IS Y'"COORDINAT.E OF LEFT CONTACTING POLNT OF
`sysR ls Y-cOORDINATE oF RIGHT CONTACTING PO!NT OF
MXSL E5 X-COORDINATE OF LEFT CONTACTING POINT OF

SUB S,P,
Sc)B S,P,

CENTER

CENTER

SENSOR

SENSOR

SENSOR

SENSOR

OF
OF

THE
Tb{E
THE
 THE
TBE

OF ROrATIC

OF ROTATIC

FOR-RIGHT

FOR LEFT

FOR RIGHT

FOR

GRAVITY
G'R AVlTY

LEFT S

MAIN SEN50R
MAIN SENSOP
SUB SENSOR
 SUB SENSOR
MAlN-sENSOR

1

:

t
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  c MXSR'JiS X-COORDINATE OF RIGHT CONTACTING POrNT OF THE MAIN SENSOR
  c SXSL IS )!l-COORDIt"ATE OF LEFT CUNTACTING POINT OF THE SuB SENSOR'
  c SXSR IS X-COORDINATE OF RIGHT CONTACTING POrNT OF THE MAIN SENSOR
  C Wivi IS DISTANCE OF CONTACTING POINTS OF I-tAIN SF.NSOR
  C WS. E5 Dl•STANCE OF CONTACTING POINT5 OF SVB SENSOR
  C M5 IS O!SrANCE FROM MAiN CONTACTOR TO 5UB CONTACTOR
  c MRY IS Y-COORDINATE OF THE ROVI OF CROP AT MAIN SENSOR
  C 5RY IS Y-COORDINATE OF THE ROW OF CROP AT MAIN SENSoR
    111 READ(5,100)N,KKiAMP,DT!T,NR,NL .
        FORtJiAT(2I8,3FIO,O,218)    100
        I.F(KK,LQ,e)GO TO 112
        READ(5,123)PE1,DRIVE,DGS,CVR,CVL,MSR,MSL,S5R,SSL,ALPFIA,BETA,DELTA,
       IALA"•ILÅrA,PHI,TR,TL,GM,C,AJR,AJL,CR,AMR,AML,RSL,RSR,DGRR,DGRL-M,PSWR,N
       2Ps-L rSpS'NR , SPswL , i"w , S iN , Ms
    123 FoRtAAT(7Flo,O)
        DO -3 3A •I in1,192 '
    334 CP(I)=100.0-SlN(FLOAT(Iel)-Oi2618+3,14159)
        EY=O!t,IL44-CP(1)/1000,O
        WR!TE(6,10i) '
    101 FORMAT(IHI,39HSItylURATtON OF AUT051ATIC 5TEERED COMBINE)
        wR}TE(6,1)
      1 FORrvtAT(IHO,5X,'16H5INUSOIDAL rNPUT)
        wRITE(6,102)N,KK,DTgDRIVE,TR,TL,GM-c,CR
    102FORMAT(IHO,2HN=I8t1X,3HKK=IB,IX,3HDT=F10,btIX,6HDRIVE=F10,5,IXi3'HT
       I R = F' 1 o . 5 , 1 )g , 3 H T L rF 1 0 o j' , 1 X , 3 H Co M = F I O . .5 , I X , 2 H C = F 1 O , 5 , I X , 3 H c R :F 1 0 , 5)

        V,fRl TE (6 , 1Q3) AMP , T' iP,. T , CVR ,MSR , SSR, AJR , AMR ,MPSLylR , SPSwR , t"R ,RSR
    103FORMATirlf:JO,2X,4HAMP=FlO.5,4X,2HT=F10,S,4X,4HPS1=FiO,S,4Å~,4HCVR=FiO
       1,S,4X!4HMSR=FiO,5s4X,4HSSR=FIOt5,4X,4HAJR=F1O,S!1/,IH,4HAMR=FIO,5
       2,4'Xp6HNPSWR=FlO',5,LFX!6HSP5WR=F10,S,4X,3HNFÅq=18,4X,4HRSR=FIO.5)
r---.        WR1TE(6,104)AMP.iTiPSI,CVL,'MSLsSSL,AJL,AML,MPSWL,5PSWL,NL,RSL
    10 1+ FORMA I' ( 1.HO i 2. Å~ , 4HAMP += E.10 t'5 , 4X , 2HT=E10 , 5 , 4X ', 4HPS I =FIO , 5 , 4X , 4HCVL=F1O

       1,5.4X,4HM5L=FIO,5,-4X,4HSSL=FIO,St4X,4HAJLFFIO,5/l/,IH ,4HAML=F10,5
       2,4x,6HtylPSwL=F10, ?" ,4X !.6HSPSwL=FIO,5,4Xt3HNL=E8,4X -n 4HRsL :F 10"5År
        wRlTEÅq6i107)
    107 FoR.MAT(.ZHo,sX,IHL{,6X,1}lx,6x,IHY,6x,2Hxs,sx,2HYs,3x,4HMxsL,3x,4Hr.IYs
       1t,:5X,t"-MXSR,3X,'4HMYSR,3X,4HSXSR,3X,4HSYSR,3Å~-4t!SXSL,3X,4HSYSL,2X,6
       2HTHETAO,3X,3HMRX,4X,3HMRY,4X,3HSRX-4X-3HSRY)
        AKt6,•2A311T • - ' '
        xO =iO ,.O - i' ,
        YO=Q.O ". -'-.
                 '       .XSO=O.O •[ . .. ..u L ,.-                Ltt       'yso=oio'". • ., .• .
        THF-TAO=DRIVE
        L=O •' '•- ". ..
        M=2
     11 1=1 f•' • 1'••
    2o4 )YIi,i?"TiXf?l3iQ`2'?3"iHBEcg'iNSiiNG'oF 's`TRAzGHT"TRAvELiNG)''"""'''-'":' '

        cT=cOs ("THETAo) '- • • • -
        ST=S1N(THETAO)
        Gc=GM/(e"c) '
        cG=c/eM      JPT=PHI-THETAO •'' • . •:' ''•.'. .'•
        Dsp :D(s.g-s 1N'cpT)

:

i
l

1
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   CGI)T=CG-DT
   CTCG=CTNGC
   5TCG=5T-G(:' . -   MwCT= Mw-CT'1 2eO
   5WCT=5W-CT/2,O ' ''
   MSST=t"tS-ST/2,O
   MwsT=lv-w"sT/2,o
   S'tiST=SW-St1'2 , o
   MSCT=MS"CTI2,O
12 C1 ti -2 .0 itFLoATÅq D '•
- FR=TR-lt (2. o-E XP CCI)+1,o)
   FL'=TL-,ic- (2iOfEXP CC] )+1,O)
   , FRLCi=(FR+Ft) -CTCG i.
   FRLS= (FR+F ti ) --•S TC6

   A1=-CGDT-FLOAIÅqI)
   L=L+1
.. .. .2SJÅqL )- •-- XO+FR LI C- (E XP (A l )' t.C GDT-FLOAT ( l ) .1 ` o)

   Y(L)iYO+FRLS--•(EXP(AI)+CGDT-FLOAT(I)el,O)
   XS (L) =X (-L) +D SP - '
   YS (L) =-Y (L) +l)CP
   MYSL(L)tYS(L)+MSST--MWCT
   MY SR (L) =YS (L) +MSST+Fl 'WCT

35

36

le8

200
20i
202

SYSL (L) =YS (L) •- t4SST ;• SWCT
SYSR(l..)=YS(L)"-MSST+SW.CT
MXSL '( LÅr =X5 ( l- ).+M5CT +:vlWST

MXSR(L)=X5(L•)+MSCT•-MWST -
SXSL(L)=XS(L)•--MSCT+SWST
S ,X SR Åq lt ) = XS (L ) -FI SCI' -• SWST •

•MRX(L)=XS(L)+O,08"CT .
sRxÅqL)=xs(L)-OeOs-cT
DNN=O.15'-CFLOAT(M))+1,S87•

 1F(tVIR•X(L) ., GEcDNN)GO TO- 35
 IF(MRX'(L),LT•oDNN)GO. -FIO. 36•

              tJtM=M+1 . .- • . i• 1F(M.E(b 2go)Go 'To•a12
MR.Y (' L ) =CP' (!-O !1000 , O+EY
SRiY (L) =CPJC r4,l •- 1) /1 OOO , O+EY
MDSL(L)l MRY(L)-MYSL(L•) -
MDSR(L)=MRY(L)-MYSR(L)
SbSLÅqL)=5RY(L)-SYSLCL)
SDSR(L)=SRY(L)•-SYSR(L).
WR1TE(6,108)L,X(L)

l76

                   ,Y(L),XS(L),YS(L),MXSt.(L),MY$L(L),MXSR(L},MYSR(t
1) :, SXSR (L,) , 5y5R (P ,SXSL(L) ,SYSLCL) , THETAO, MRX(L) ,MRY(L) lSRX(L) ,SRYÅq

 FoRMAT(IH' ,2Å~,i6,lriF7,4)
 !F. (L .E (o •, N •) GO TO 111

 IF(MDSR(L).GE.O,O)GO to 200 ,
 1F(MDSL(L),LE,O,O)GO TO 600
 IF(SDSR(L),GE OtO)GO TO 1000
 rF(sr)sL(L).LE,o,o)Go .To 2ooo ,
 1=I-1• . ..i •- GO TO 12'' i •
 WRITE(6t201) • FORVvlAT(IHO,50HBEGi:NNtNG OF CONTACT 6F RIGHT MAIN SENSOR WITH ROW)
 1t1+1" ''' i'

,
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LN .).

  - R S b ,C:i L (L ) =i ( jC R Y ( L ) - S Y S L ( L ) ) / C T .

   .RSI')5R.(LÅri:(SRY(L)-SYSR(L))/CT
   . IF(L.E(o •, N) ciO TO 111
    liÅqRlybSRi(L'),GE,MPSwR)GO TO 300
    .IF(RthDsL(L•);LEe-MpsWL)Go To 7oo
   'IF(L.Eo,N)GO TO 111
    Go To 2Q2
3001WRITE(6,301).-. ,
301' Fo'RfLIAI'(iHO,21HRIGHT RF.RAY 1S IN
   -IF(L,Ero,N)GO TO 111
   .'J -rO ' ." '•'
302'J=J+,1, • ,• - '
 . I=Itl ,   -L=L+1
    A1 E= -C (b rJ Tr•FLOAT ( I )

    D,cRltcvRttDTyFLOAT(J) , ., ,

   L=L+1.

   X ('L ') •-- XO+FRLCi. (EXP (A 1 )+CGDT-F LoAT ( I År.1, O)
   Y(i.)=YO,+FRLS•ri-(EXP(A1)+CGDT"FLOAT(I).1.0)
   X5,(L)=X(L)+D-5P .
  .YS ( l.. ) =Y (L) tDCP
   MYSL(L')=YS(LÅr+MSST-MWCT
  :MYSP (L ) =YS (L) + Y, SST '+ MWCT

   SYSL(L,) =YS(L)-MSST-SWCT
   r"1'Rx(1.)-xs(tÅr+o.os-cT
   SRX (-L) '=X5. (L )'-O-, 08 ,s•CT •
  'DNN=O,15ft(FLOAT(rtl))+l,587
  iIF(MRX('L),GEeDNN)GCi tO 4Q
   IF(tvlRXSL).LT,DNN,•)GO TO `iFl - ..
  "I F. (M,E(Q ,190År GO TO 112

41 MRY(L)tCP CM)/XOOO,O+EY . .   SRy (L ). =' r..P ( t,h •- 1) /1OOO , O+Ey

   SYSR (L) '= YS (L) -MSST+SWcT
   rvl x's E. (L) =xs (L) +MScT+MwsT

  .MXSR(LÅrFXS(t-)+M.SCT•-MWST . .. .,
   sixsL(L)=x's(L)e-MscT+SvvsT •' ,
 .SXSR(L)=XSÅqL)-•MSCT-$INST . . '   W'RITEC6,10B)L,X(L),Y(L),XS(L),YS(L),MXSL(L),MY$L(L),MXSR(L),b,[,YSR(L
  i)',5xSFiSL),SYSR(L),5XSL(L),SYSL(L),1'HETAo,MRX(L),l"IRY(LÅr,SRx(L),SRyt
  2L). ' .
   'R ,MDS[ -i' (L )'i (,MRY(L) -MYSL (L) ) /CT

   R,t,il DS R.CL) Fi (MRY(L) ••MYSR(L.)) 1CT .

SET)

      xL ,(.L ) =.xo+F R.Lc'- (. 'E xp (AI ) +cGDT-FLoAT ( I ) nl , O)
      Y(L ). =YO.+ FRLSt,• CEXP (A I År +CGDT"'F LOAT( D .1 ,O)
 -. .-.n. Y(t..)=(X(L)-XO)S,ST+YO
      XS(L),=X(L).+DSP
      YS tL) =Y (L ),+D.!.P
      MY,SL (L ) =Y5 (L )'+MS,5T-MWCT
     ''lvlY5R(LÅr=YS(L)+MSS.T+MWCT • i,
     . S-YlSL. (L) =YS CL) •- tvl5S1 -SWCT
                        '. S,Y.SR(L.) 'YS(L)'rJ!S5T+SWCT .
      MXSL(L')=XS(t.År+r4SCT+MW5T• d •
      MxsBcp =t?cscL)t, -M, sg'T"hdw.sT, ,.. '

... !
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   SX$L,CL) :- X5 (L ) -M5CT+SWST
   sxSR'(L5=XsCL)-MSCT-SWST
   MRX(L)=XS(L)'+O,O8-CT
   S'RX(L)=X5{L)-O.O8ftCT
   DNN=O . 1.5• (FLOAT (M) ) +; , '5 .8 7 .

   EF,(MRX(L),GE,DNN)GO TO 45
   IF(MRXCL)i[TobNN)GO TO 46
4b MFM+1.
   IF(M.E(.",i90)GO TO 112
Z+6 , MRY (L) =CP (M) /1OOO.' O'+EY
   SRYÅqL)=CP(Mt-1)11000.0+EY
   RMDSR(L).=(MRY(L)-•MYSRCLÅr)/CT

 VIR !TE C6,1.b8) L,X ('L) ,Y(L) ., XJ, (L) ,YS (L) ,MXSL (L) ,MYSL (L) ,MXSR (L) ,MYSR (L
1),.SXSR(L),SYSR(L),SXSLicL),SYSL(L),THETAO,MRX(LÅr,MRY(L),SRX(L),SRY(
2L)
 IFI(L,E(o.,N)c,o.ITo '111,

    '1 F .( DCR , GE . SSR) GO ' 'TO `iL OO .

    GO TO 302
40o RMrJsRo=RMDsR(L)
    WR.1 TE (6 , 40i)
401 FORMAT(IHO,27HtsEGINNING OF RIGHT
    xo?x(tu)
    YO=Y(L)
    XSO=XS'(L).. , -. . -
    YJC O=Y5(L)
    MYSLO=MYSL(L)
    MYSRO=MYSR(L)
    SYSLO=SYSL(L)
    SYSRO=SYSR(L)
    rtsxsLoiMxs['(L)
    SXSLO=SXSL(L)
    SxSRO=SX5R(L)
    J=J+1
    K=1.-
    ACRFAMR!CR
    AJCR=AMR-,t.L A.'JR'1 (CR-CR)
    AR C.. =i CR/AMR
    S. AT=S I N (ALPHA+THETAO)
    CA'T=COS('ALPHA+THE'rAO)
402 AIi=I-CR-DT-FLOATgK+NR.1ÅrIAJR

                  t    i=l +.1
    J=J+1 ., -

STEERlN-G)

THFITA(K+NR--1)=(AJCR){EXP(Ari)+ACR-DT-FL-iOATCK+NR-1)-AJCR
A1 ' r =A LPHA+ i' l.l E TA (K+NR-1 ).+TIiFTAO

x(L)=XO+DGRR-(SIN(AlTÅr-SAT)
Y(L )'=YO+DGRR !f (CAT-COS (ATT) )
DTO=DELTIi-+THETAO
DTT=DELTA+THET,Cli,O•iTHETA(K+NR-•1)
XS(L) :x50`i•RSR- (.COS(DTT) -coSÅqDTO))
YSC[)tiYSOiiFtSR-.(SIN(Dl'O)-S1N(DTT))
CTTRCC=COS(TH[TAO+THETA(K+NR--1))
CTTE'RS5=SIN(TFlE'rAO+1'HETA(K+NRe-1))
t•{YSL (L) i YS ( I. ) +Fl S-CT T' RSS12 . 0 •d rv{[W-CTTRCC/2 , O

MYSR(L)--YS(L)+MS"CTTRSS12,O+MW-CTTRCC/2,O .

,

:

:
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     SYSL .( L•.) =YS CL) -MS-CTTRSS/2 , O-SW"CTTRCC12 .0
     SYSR(L)=YSCL)-•MSIfCl'TRSS12.o+SW-CTTRCC/2,O
     MxsLgL)=xs{L)+tnsNcTrRcc/2,O+Mw-cTTRss12,O
     MX .S R(L) .--- XS (L)+M Si- CT TRCC/2,O-MW {- CTTRSSI2.0
     SX SL (L)=X5 CL) -:•MS- ,CTTRCC12,O+SW-CTTRSS12 .0 , .
     SXSR(L)=X$(L)-MS-ClTRCc/?,O-SW"CTTRSS12,O
     MRX(L)=XS(L)+Q.08-CTTRCC
     SRX(L)=XS(L)•:,O,O8-CTTRCC
     DNN=O.el5-(FLOAT(M))+1,587
     IF(MRX(L•),GE,DNN)GO TO 80 •
     IF(MRX(L)tLT,.DrJN)Go To sl
  80 M=M+1 • • .
     IF(M E(o.190)GO TO 112
  81 MRYCL)=CP(M)11000.0+EY
     SRY(L) =CP (M-r1) l1OOO ,,O+EY.
     IRFL.J ' • -. '- i•
     WR ITE (6,IQ8) L,X (L). ,•Y Ct) iXS (L) , YS (L) ,MXSL (L) , MYSL(L) ,MXSR (L) ,MYSR (t
    1),SXSR (L),SYSR (L) ,. SXSL(L) ,:SYSL(L) ,THETAO,MRX(L) ,MRY (L) ,SRX (L) ,SR Y't
    2L) •i
     R,MDSR (-L)=ABS(MYSR(L) -•MYSRO) ZCTTRCC -
     IF(L,Etb,,N)GO .TO 111
     IF(RF:DSR'(L)..GE,ABS(RMDSRO)-.-MP5W,R)GO TO 500
       '                              .     K.=K+1 ., --l,, .. ..,.                             .     GO TO 402
 500 WRITE(6,.501.)• .
 501 FoRMA-T(IHO,44HEND 'OF RIGHT STEERING BY T;e,IE DERAY CIRCUIT5)
     XO=X(LÅr
     YO=Y(L,), . •- ' 1]J'
   .H XS O=XS(L ). .- ii '•
     YSO=Y5(L)
     MYSLO=MYSL(L)
     My-SRo=tvlySR(L)
     SYSE.O=SY5L(L)
     SY5RO=SY5R(L)
     evJlx.sLo=tL,lxSL(L) , .• • -     MxlsRoisMXSR(L.)
     sx.gL'o=,sxsL•(L-) •.' ,•
     SX .S RC=S.X SR (L)
     THETAO=THETA(K•+NR"L)+THETAO
     GO.' TO• 11 r.
a o o o w. R 1 T E c6 , i o o l)

1001 FORMATqHQ,Ll-9HBEGINNING OF CONTACT OF RI.GHT SUBWSENSOR WITH ROW)
1002 l=I+1•• s, -si
     L=t.+1
     AI=-•c.c7bTgFLeAT(•1•) ,
     X ('L') -LxO+FRLC-(EXP (Al ),+CGDT-FLOATCI).1,O)
    . y (L ) =YO+FRLs l. (Exp (A 1 ) +cGDT-FLoAT ( I ) .1 , O ). ..H rm.. .. .-.."" ". - . .L..t

     XS CV =X (L) +QSP. -.• .'. •
     YS (L) =Y .( V +DCP ' . •' • i '
     FIYSL(L)gYS(L)tMSST.MYtCT '
     MysR Åq'L 5- -T YS (L)+,•t SST+v,Wc T.

     S Y.SL (L) FYS (L År.-MSST-SWCT
     5YS R. ÅqL ) =Y5 CL) -MSST +.SW CT. T

     MXSL(L)=XS(L)+M5CT+FIWST
     MXSR(L)=X5(LÅr+MSCT!•MWST
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   SXSL(L) :X5(L)•-MSCT+SWST
   SXSR (•L) =XS (L)ltvl SCT-SW5T
L MRX(L)=XE(L)+O,08-CT

   sRx(L)=xs(L)-,o,oececT
   DNN=O, 1,5 ,,• (FLOAT (M))+1,587 .
   IF(eL)SRX(L),GE,DNN)GOiO 55
  ,1F(MRX(L)',LT,PNN)(50 rO-56,
55 tvs=M+1

                                                  t.56 MRY(Ll)=CP(M)11000,O+FY ,. ''   5RY(L)=CP(tr1-1)11000', O+EY • ••-   IYRlTE(6,108)L,X(L),Y(L),XS(L),YS(L},MXSL(L),MY5L(L),M?CSR(L5,MYSRCL
  1),SX5RCL),SYSR(L),SX5L(L).,SYSLÅqL),THETAO,MRX(L),MRY(L),SRX(L),SRY(
  2L)
   RMDSL(L)F(MRYCL)-MY5L(L))ICT
   RMDSR(L)=(ttiRY(L)-MYSR(L))lcT

     RSbSL CD = (SRY'( L) -SYSL (L) ) /cT
    - RSD5R (L) :CSRYÅqL) --5YSFI CL) ). /CT
     IF(L!ECu.N)GO TO 111
     ,IF(RMDSR(L),GE,MPSwR)GO TO. 300
     IF(Rr:dit)SL(L).LE,•-MPSWL)GO TO 700
     1F(RsDsR(L),GEe5P5wR)Go To 13oo
     IF(RSDSL(L).LE,-SPSWL)GO TO 2300,-.-
     I=1'+.1
     IF (L, F- (t) 't NÅr GO TO IZI

     GO TO 1002'
1300 VtR 1TE (6 ', 13 01 )
130i FeRMAT(IHO,ISHRMS IS IN 5ET)
     IF(L.EO,N}GO TO 111
     J=O
1302 J=J+i
     I'= i +1
     L=t..+1
     A 1 = -• CGI)T-F t. OAT ( I )

     DCR=CVR"DT-FLOAT(J)
 X,(1 ) =XO+FI LC ce ( Ft XP (A I ) +C(!iDT-FLoAT C b -, 1 , O)

Y(L-) =.Y O+F"R L5-(EXP (AI) +CGDT-FLOAT (.IÅrel,O)
Y(L)=CX(L).-XO)-ST+YO

 XS(LÅr=X(L)+fiSP
 YS(L)=Y(L)+DCP
•MYSL(L)=YS(LÅr+MSST-MWCT
.MYSR ( L- ) =YS (, L) +MSST+MWCT
-SYSL(k)=YSCL)-MSSI'-SWCT
.S YSR (L) .1- YS (L) -MSST+SWcT

 MXgL (L )' =XS ,( L )• +MSCT+MWST
 MXSR (L) =X5 (LÅr +tvl'SCt-M VI 5T

 sx,sl- a. ). =xsco "MscT+swsT
 sxsR (rLlkxs (D -MscT t•p swsT
 MxSL (L) =. x5 (L).+MS-N-cTTRc/2 , o+Mw-cTTRS/2 , o
 MXSR (L) =- Xb (L) '+ ,tvlSfCTTRCI2 . 0-MNI-CTTR S/2 , O
 SXSL (L) =XS'( L) -•MS-CTTRC/2 , O+SWttCTTRSI2 , O
 SXSR (L ) =XS-(L) -•MS-CTTRCI2 , O.b SW"CTTRS/2 , O
 thR `x' (L) =x.s (L) .o , os xgT

'sRxÅqo.=xs(L)-otOs,ecT
 DNN=O,1Spa(,FLOAT(M))+1,S87
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     IF(FIRX(L)•,'GE DNN)GO TO 50 i' ,.
     IF(MRX(L),LT 1)NN)GO rO••51-
  50 M=.M+1 ,- •'
     !F(M,Eco,190)GO TO, 112
  Sl MRY(L)=CP(M)/iOOO,O+EY
     SRY(L) =CP (M`-•1) LIOPO ,.O+EY
     RM.DSR (L) ='(MR Y.(L) -• tVlYSR (LÅr )/CT
     RSDSR(L)=CSRY(L)-•SYSR(L))ICT
     WR I-TE(6, 10BÅrL ', X (L) ,Y(L) ,XS Ct.. ) ,YS (L) ,MXSL (L) ,MYSL CL) ,M?C SR (L} ,MYSR (L
    ,1),SXSRi(L),SYSRCL),SXSL(L),SYSL(L),THETAO,MRX(L),MRY(L),SRX(L),SRY(

     IF(L.E(o,N)Go To 11Il
     1F(RtvfD.SR•ÅqL).GE,.MP5WR)GO TO 400
     IF(DCR.GE,SSR)GO TO 1400
                                           '14•OO R5DSRo.gRSD5R(L) . : -' . . - ''1'l
                                                 '1401 FORMAT(IHO,27HBEGiNN.ING OF RIGHT :STEERINGÅr
     XO= X,CL)
     YO=Y(L).'el

     YSO=YS(L)•
     r-lysLo=tv:Y5L(L)]"r. . . ". .---- 4 -- --+ t-'
    .rvlYSRO=MYSR(L)
     SYSLO'= S.YSL (L)
     SY.SR025YSR(L)
     lvlXSLO=MX5L(L)
     MxSRO=MXSR(L)
     SXSLO :SXSL (L).
     SXSRO=SXSR(L)
     J=J+1 i•

     K=1' ,     ACR=AMRICR•
     AJcR=, ArvlR-AJRL(cR-cR)
     ARC=CRilAMR.. ..
     SAT=S1N(ALPHA+THETAO)
     CAT.=, .COS-(ALRHA. +THETAO)
1402 BI1=-CR-DT-FLoAT(K)!AJ"R
     L=L+1 '•
     I=1+1 .•
     J=J+1.• •
    ..T HFTA (K ) = CAJ r.'.R) "Exp (B 1 1) +AcR-b T.FL6AT (K ) ;-;'AJcR'

     ATT=ALPHA+IHETA(K)+THETAO
     XÅqL)•=XO+D'(,RR-,(SIN(ATT)-SAT)
     Y(L)=YO+DGRR-(•CAT.COS(AT.T)') L
    DTO=[)F-l.TA-,;THE.TAO.• ,
    DT•T=DELTA+1iHETAO+THETA(K)
     xs (L ) =xs O,tRsR ,c'Åqcos (D 'rT) -cos (DTO) )
    ys (L) =ySO-RSRx (rS I-N (DTo) -S IN(DTT) )
    CTTRC=CO t., ( THETAO•,- THETA ( K') )
    C T- T ?t S = S T N ( T H E T A O + T H E T A (K ) )

    MY.S L, ( L. ) =YS ( L-) tMS -•CT TRS/2 , O-b MW"CTTRC/2 , O
    MYSR(L)=YSCL)+M5esCTTRSI2,O+MW-CTTRC/2,O
    SYSL(L ÅrgYS (L ). -t-SttCTTRS/2 , O.SW scCTTRCI2 , O
    SYSR (L).nyYS (-L) •.MS-CTTRSI2 , O+Sw-cTTRc12, o

t
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   MxsL(L)=xscL)+tfis-cTTRcl2,o+Mw-cT-rRs/2,o
   )vfxsR(L)=xscL)+Ms.cTTRc/2,o--t-,lw-c'rTRsl2,o
  • sxsL(otxs(L)-r4s-cTTRc/2,o+sw-cTTRs12,o
   SXSR(L)tiXS(L)-MS-CTTRCI2,O-SW-CTTRS12,O
   MRX(L).=XS(L)+O,OR-CTTRC .
   SR Å~ (L) =XS (O --O , O8-CTTRC
   DNNr- O , 15- (• FLOAT (M)') +1 , 5s7
  iIF(MRXCL).GE,VNNÅrGQ TO a5
   IF,(MRX(L)iLT,DNN)GO TO 86
85 M=M+1 -  - 1' FÅqFf,E (" it g05 Go To li 2

86,MH.YÅqL)tiCP(M)!1-OOO.OiEy
  •SRYCL)=CP '(M•-il) 1•1OOO.O+EY
   1R=L-J

 .WRITE C6 !10 8) L,X (L 'i , {vr (L )' ,XS (L),YS (L},M )( SL (L),MYSL (L),M ?Åq SR (L},MYSR (L

1),5XSR(L).,SYSR(L)4SXSL(L),5YSL(LÅr,THETAO,MRX(L),MRY(LÅr,SRX(LÅr,SRYt
'i  Rsb $' R(L)=A ts s' (s y$R (L )'-i;sysRoS /cTTRc ' '" ' ''
 1F(L,ECQ.N)GO,TO 111
 rF-(-RSD5RCL),GE,AB5ÅqRSDSRO)-•SPSWR)GO TO 1500
   .             tt
 GO TO 1•402 . -

.v. 150o
  1501

   600
"L 601
   602

WRITE(6,1501)•
 FORMAt(IHO,21HEND OF RIGHT
XO=XÅqL)

YO.=Y(L) . ' --X .S O=XS (L)

•YSO=YS (L)

MYSLO=MYSL(L) TMYSRO=MYSR(L)
Sy S' L O= .S.YS L (.l. )'

. SYSRO=SYS L- (L )
.MXSLO=MXSL(L)
•MXSRO=,tvi'XSRCL). '

S.XSLO=SXSL(L)
SX' SRO=SXSR(L)
TH EÅ}. `t AOtTHET A• (K) tTHETAO

 rF(L,Ea,N)GO 10 111
-GO TO 11
.WR!TEC6,601)
FQ RMA T ( I H.O , 49HBE C, l .ty'N I NG OF

 l =-1 +1
L=L+1 T '- 'L• i '
A I -=-CGD T' - F' LOAT' (- l-)

STEERING)

CONIACT OF LEFT MAIN SENSOR WITH RO")

.-
X Åql.. ) =XO+ FR LC- (EXP CA l ) +CGDT-FLOAT ( b --1 , O)

JYL( L•) =YO+FRlt-Sx-(EXP (A : ) +CGDT-FLOAT ( I ) -1 , O)
.,XS(L)=x(LÅr+Dsp • -'

1r4ySL. (L) =Yt;-(L) +MSSrT .-MW' CT
 MYSR ( L•) :YS (•L) +NSST +MWCT
 SYSL (LÅr=Y5(L)-M (S ST-SWCT
 .SYSR (L )L= YS ( L,) -MSST+SWCT
 MXSL (L) ='X5 (L) +M5CT +M )-F5T.
•MXSR(L) EX5ÅqL)+MSCT;-•MVIST
•sx,sL.(L) ix. s(Lr)-,tv!.s.(iT+sw.s.T ..



l83
..) i!'. . ..

60

61

700
701

702

 SxsR(L)=XS(L)-M5Cl-SWST
 MRXÅqL)=XS(LÅr+O!08tCT
 5RX(L)=XSCL)•-O.O8-Cl`
 DNN=Oi, 15-(FLOAT'(M) ) +1 bs7
 IF(MRx(L) qE.DNN)Go To 6o
 IF(MRX"(L).LT.DNN)GO TO 61
, Tvl=M+1'
 IF'ÅqM.E(O,190)GO TO•112
 MR Y (L)=C F) (M) /1000.C+ F.. y
 SRY '( L)=CP (M -- 1) /1OOO,O+EY
 WR1TEC6,108ÅrL,X(L),Y(L),XS(L),YS(L),tvtXSLÅqL),MYSL(L),MXSR(L),MYSR(L
1),SXSit(L),SYSR(L),SXSL(L),SY5L(L),THETAO,MRX(L),MRY(L'),SRX(L),SRYC
2L)I• •, -
 RrvIDSL (l. ) = CMRY (L) -MYSL (L) ) scCT
 RMnSR(L)tÅqMRY(L)--MYSR(L))iCT
 RSDSL Åq [. 5• =i (S Fc Y(LÅr .SySL (L) ) -cT

 RSD$R (L)= ÅqS. RYCL)-SYSR (L))-CT
 IF(L,EO.N)GO TO 111
 IF(RMDSL(L).Lt',-MPSWL)GO TO 700
 IF(RMbSP(Ll)'.GE,MP.SWR)GO TO 300
 IF(RSDSL(L)eLE,"SPSWL)GO TO 2OOO
 1F(RSDSR(L),GE,SPSWR)GO TO 111
 GO T0 602 L WR!TEC6,701År
 FORMAT(IHO,20HLEFT RERAY ;S IN SET)
 IF(L!Efo,N)GO TO 111
 J=.O •; -
.J=J+1 . I=T •i• 1

 L=L+1/
 A l =.C.GDTceFLOAT ( [ )
 DCL'=CVLi(DT'-FLoAT(J)Z • . J• • .
 X (l,) =XO+FRLC si- (EXP (A T ). +.CGDT•,,•FLOAT ( I )-1 ,O)

 Y(L)=YO+'FRL5iCEXP(Ar)'+CGDT"FLOAT(I)bl,O)
 X5 (•t) =X (L)+DS Ph •• • , . .
 YSÅqL)iY(-L)+DCR i . .
 MY.SLfL)=YS(L)+tv15S.T-MWcT. .
 MY .$. R (•L )- '= YS (L )- tMS5T+rvIWCT . -- '••

 SYSL(L)=YS(L)-MSST-SWCT
 SY•SR(L)=YS(L)'-,Msst+swcT ' - --

      MX gL (L)'=tXS (L) +MSCT+MWST
      MXSR (-V=Å~S(L) +]MSCTitvlWS•T
  . SXSL (L)•=XS (L) -ll ScT+ S.w s•T
      SXSR (LÅr ÅíXS (L )i-M5el--SW5T
      MR )l[ (L) :: XS CL) +Q O8',i CT ' Ly •
                             -      SRX(L•)'=XS(L--)i-O,'OB'-C-T - ' -
,-..-nr- . DNN:.-o,is"(FL6ATot)).+i,Ss''7
      rE(MR.x(L).qE;DNN)G'o .[To 7s
      1F (MRXgL )' . L'T• ., D' N" N)-GO TO 76

   75 M=M'+1 • -      I F:' '( M . Ei-T N , 19Q) GO' 'IT O' .1 12

   76 MR.y(U:')=,CP•(t•))l1OOO`.O+.EY
-. - SRIY. (L)TCPÅqM"1)/fOOO';O+EY '

.RM D'5L (L)=(FIRY (L) -MYSL (L) )"-CT -
WRl'TE(6,108)L,X(L),Y(L),XS(L),YS(L),MX5L(L),MYSL(L),MXSR(L),MYSR(L
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   1),SXSR(L),SYSR(L),5XSg(L),SYSL(L),THETAO,MRX(L),MRY(L)-SRX(L),SRY(
   2L)
    1F(L.Ec",N)GO.TO 111
    1F(DCL.GE`SSL)GO TO 800
    GO TO 702
BOO RtADSLO'=RMD5L(L) ,•, • i.. - . . -•

    WR 1TE. (6 ,eOl)'
801 FORMAT(IHO,26HBEGINNING OF LEFT.STEER1NG)
                  '    XO=X'(L). - , -    YO=Y(L)
"" .xso=xsrL)
    YSO=YS(L)
    MY5LO=MYSLÅqL)
  - '- MYSRO=MYSR•(L)
    SYSLO=SYSLÅqL)
    SY.SRO=SYSL(L)
-"-..-. lnxsLO=MxsL(L) .. -    MXSRO=MXSR(L)
    SXSLO=SX5L(L)
    SX .SRO=SXSR (L)
    J=J+1 •• I
    K=.1 .

802

92

I=1+1
ACL =ArvlL/cR
AJCL=AML-AJL/CCR"CR)
ALC=CR/AML' .
SHT=SIN(BETA-THE.TAO)
CBT=COS(BETA-THETAO)
Al7=-CR"DT-FLOAT(K+NL-i)/AJL
1=1+.1.

L=L+1
THFTA(K+NL-1)=(AJCL)iEXP(AT2)-A'CL-DT-FLOAT(K-NL-i)•-AJCL
P. TT=B E. T A,+THETA (K+lgL-1) •-THETAO
X(L)=)4,O+DGRL•,,-(S!N(STT)-SBT)
Y(L)=YO+DGRL-(COS(BTT)-CBT)
ALTO=ALAMDA+THETAO -ALTT=At" AMDA+ THE TAO-THETACK+ 'NL-1)
xs(L)=xsO+RsL-(Cos(ALTT)•-cos.cALTO)}
Y S (L ) ••-- Y S O + R S L N (S 1 N ( A L T T ) - S I N (A L T O) )

CTTLCC=COS(THETAO- THETAÅqK+NL- .1))
C1'TLSSlSIN(THETAO:-THETA(K+NL-1))
MYSL (t. ) =Y-S CL) +MS cr CTTL5S/2 , O e-MVi' ,i CTTLCC/2 , O

MY.SR(L)=YS'(L)+ivlS-CTTLSS12,O+MW-CTTLCC/2,O
SYSLÅqO=YS(L)-:MS-CTTLSS/2,O•-SW-CTTLCC12.0
SYSRCLÅrFYSÅqL),-MS-CTTLSSZ2,O+SW-CTTLCCl2,O
MXSL (L) =X5 (L) +MS/XCTTLCcZ2 , O+M it,t-CTTLS512 . 0
MX.SRCL)=XS(L)+MS/-CTTLCC12,O-MiN"CTTLSS12,O
SxSL(L)=x5(L)-M3xcTTLcc/2,O+5W-CTTLSS12,O
SXSR(L) :XS(L)-M5"CTTLCC/2,O-•.SW-CTTLSS12,O
rvfRx(L)=xs(L)+O,Os-cTTLcc
SRx(L)!=XS(L)-O,OB-CTTLCC
DNN=O.15.(FLOAT(M))+1,587

 IF(MRX(L),GE,DNN)60 TO 92
 IF(rvIRx(L),LTeDNN)6o To gl
[ tvf=M+1
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     EF(M,[co.190)GO To-112 •' , /• ,
  91 N,RY(L)=CP(,M)/tOOO,O+EY
     SRY(L•) =CP ('tJl•-1)11OOO, O+EY
                 tt     IL =L •.J ' ./ i'
    -WR]TE(b,108)L,X(L),Y(L),X5(L)tY5(L),MXSL(L),tvlY5L(L),MXSR(L),MYSR(t
    1):, SXSR (L) iSYSR'(LÅr ,SXSL ÅqL) •, SYSL (L) ,THETAO , MRX (L) ,MRYÅqL) ,5RX(L) , SRY (

    2L) - i• '     RMDSL• (L) =ABS-( MY5L ÅqL) •-MYSLO) /CTTLCC
     IF(L,EC",N)GO TO 11L• . f/.
     IF(RMDSL(L),GEtABS(RMDSLO).MPSwL)GO TO 900
     KLK+1
     Go- TO tt 02 '
 900 wR' I TE C6', 901)
                                                              ' 901 ,Fo'RMA/.T(IHO,44HEND OF LEFT STEERING BY T1ME DERAY CIRCUrTSÅr
 '    'XOtX(L )' . ' •1 , • -' .

     ySo"=y5(L)
     MYSLOmMYSLCL)
   •. MYSRO=MYSR(L)
     SYSLO=•SYSL(L)' ,
     SYSRO=SYSR(L)
... ..-.•.MxsLO=MxsL'(L)' • • '. '- , .. .-..:--.u. .. u.-...,"..
     MxS! O=bsXSRJ(LÅr = •i .. .-[
    :SXSLO=SXSL(L)
     SXSRO=SXSR(L)
     THFTAO=THETAO-THETA(K+NL-1)
     1•F(L,EO.N)GO TO 111
                    -     GO TO li- ' - -2oooJ wR l.T E, C:6 ,.2OO1)

2001' FORMAT(IHO,48HBEGiNNING OF CONTACT OF LEFT SUB SENSOR WITH ROW)
2002 1=I+-1'
     L=L+i
    'Al =--CGD T.-FLOAT( I ) .
  -l x(L)'=xO+FRLc-(Exp(Ar)+cGDT•N-FLoAT(b-1,O) . .

Y(1.)=YO'+FRLS-(EXP(A1)+CGDT-FLOAT(I)-1,O)
XSCL)=X(L)-DSP
Ys(L)=Y(L)+DCP
MYSL (.D =Y5' (L) +MSST .• ru!WCT.
MYSR (L) =YS (L) +MSST+rvS hVCT
SYSL(L)=YS(L)-MSST-StNCT
-sysR q) =y•s (L )' -MssT+swcT
MxsL(L-)=xS(L)+tJtScT+MWsT
MXSR(L)=XS(L)+MSCT-MWST •," :

SXSL(L)=X5(L)-MSCT+SWST
•sxsR (L )-=xs gL).•-MscT-swsT ':
MR)(•(L)=)(.S([;)+O,OS-CT' '' ... ..
SRxÅqL)=X5(l.).O.OBxCT
DNN=O , 15sc• (FLOA I` (M) ) , 1 , 587

    •- 1F (NIRX (L) f. GE ,DNN) 60 TO 6'S
     1F(MRX(L),LT,[)NtiS)GO TO 66
  65'M=M+X - •
•t'  IF'(M,Etoi190)GO TO I12
  66 MRY(L)=CP(MÅr/1OOO,O+EY
     SRY(L)=CP(M-1)110PO,O+EY
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2300
2301

2302

70

71

2400

 WRITE(6,10H)L,X(L),Y(L),XS(L)iYS(L),MXSL(L),MYSL(L),MXSR(L),MY5R(L
1),SXSR(L),SYSR(L),SXSL(L),SYSL(L),THETAO,MRX(L),MRY(L)`SRX(L),SRY(
2L)
 RMD5L (t. )= (MRY (L) .tMYSI.. (L) ) NCT

 RMDSR (L)= (r•IRY (L) -- MY5R (L))xcT -
 RSDSL '( L) --- (SRY(L) •-• SYSL (L))-CT

 RSr) SR (L)='( SRY (L) -SYSR (L)) -rt•CT !
 IFÅqL.Efo',NÅrGO TO 11i
 I F (R;•ID5R'(L) . GE , MP 5wiO GO TO 300
 1'F(RMDSL(L)•.LE,-rvlPsV;L)Go To 7OO
 1FCRSDSR'CL),GE,SP5wR)GO TO 1300
 IF(RSDSL(L),LF.-,.SPSWL)GO TO 2300
 IF(L.Fc".,")GO TO 111
 Go TO 2002
 WR1TE(6,2301)
                     , FORMAT(IHO,13HLrViS r: 1N SET)

IF(L,Ero,N)GO TO lil
J=O
J=J+1 • ' J
I =' 1+i

L='L+1
A' 1•=-CGDT+F LOAT ( I )
D.Åq L :CVL •,tTDT-F [•OAT•( J) •

x(•L)=xo+FRLC-k-(EXp(AI)+cGDT}eFLoAT(I),.1`o)
Nvi(L)=YO+FRLStt(EXP(A1)+CGDT-FLOAT(I)-1,O)
Å~•S (L) =.x (Ll) +DSP
YS (L) =Y (L) :,-DCP '

i4Y.SL(L)=YS(L)+M.SST-MWCT
MYSR(L)=YS(L)+MSST+M,,VCT
SYS'L (•L) =YS (L)-MS.ST-•SN. CT
SYSR-(L)=YS(L)--MSST+S'WCT
M'xsL (rL ) =xs:(.L) +MscT+MwsT'
MX SR (L) =' X5 (L) +TvlSCT-MWST
SXSL-(L•)'=Å~S(L)-tdSCT+SWST
SX•SR(L)'=XS(L)-MS'CT.SWST
tvlRx(•L)=xs(-L)+oeos-cT . • i,
s' R x' 1( L j ='Xs '( - L ).•iO e Os-cT

DNN=Oi-1'5-(FLOA•T (M))+1,58.7 /J -
tFÅqrJIR'Å~cL).GE DNN)Go To 7o
I- F (MRX(L) ,, LTa DigN) Go 10 71 - •
M=M+1- • - ]
rF(M;E(o.1-go)"Go To 112 •

r-1' RY (L) = CPT(M) AOOO , O+EY
S' RY(L)=CP (N-i1) •/ 1:OOO ,+O+EY
RMDSL (L) t(MRY (•L) -MYSL (L) ) -CT
RSDSL (L•) =' (SRY ('L) -•SYSL (L)') -CT

 WRTTE•(6,108)L,X(L),Y(L),XS(L),YS(L),tVIXSL(L),MYSL(L),MXSR(L),MYSR(L
.lilj SXSR (U ). ,5YSfil gL) , SXSL (L) ,SYSL (L) ,THETAo ,MRx(L) ,MRyÅqL) ,$Rx cL) ,sRy Åq

 IF(L,EQ.NÅrGO TO 111 - -
 IF(ABS(RMDSL),GE,tvlPSWL)GO TO 800
 I F (DCL iGE ; 5S L•) GO TO 2400

 •RSDSLO=RSDSLÅqL)
 WR'ITE (6,2401)
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2401

.. e.pt. 2 A.Q 2

FoRtAAT(IHO,26HBEGlNNING.OF LEFT STEERlNG).
XO=X.(L)
YO=Y(L)
xLso=xs(L)
YSO=}YSCL)
MY$L04MYSL(L)

' M, ysRQ=MYSR ( t, )

SYSRQ=SYSR(LÅr
SYSL O' -- SYSL (L)

MXSLO =MXSL (L)
MXSRO=MXS-R(L)
SXSLOti SXS L. (L)

SXSRO=SX5R(L)
J= J+1
L=l:+1 ,•

                    t 1=1+1'
K=1

AJe.Lt'AML-,f.AJ'L!(CRifCR)
ALcrpcR/AtviL
SBT=S1N(BE:l'A•rTHETAO)
CB r=COS(BETA.THETAO)

-B 1 2=-CR-ttDT-FLOAT (K) /AJL
TH.E TA CK ) = CAJCL) iEXP (6 I 2) +ACL-DT-FLdAT (P -- AJCL
BTT=BETA+THE TA (K) -TFIETAO
XCL)=XO+DGRL-(SIN(BTT)-SBT)
Y([-) =YO+DGRL ce (CO5 (BTT) p•cBTÅr
ALTO=ALAMDA+THETAO

   ALTT2ALAMi)A+THETAO-THETA(K)
   XS(L)=XSO+RSL-(COS(ALTT)-•CoS(ALTO))
   YS(L)=YSO+RSL-•(S{N(ALTT)-StN(ALTO))
   CTTLC=COS(THETAO-THETA(K))
   cTTLS=SIN(THETAO-THETA(K))
   rnysL(L)=YscL)+r.IS-CTTLs/2,o-Mw-cTTLcl2,o
   MYSR(L)=YS(L)+MS)gCTTLS/2,O+MiN-CTTLCI2,O
   SYSL (L) =YS (L) -tlS scCTTLS/2 e O-SW-CTTLCI2 , O
   SYSR(L)=YS (L) •• ,vlS-CTTLS12tO+SW-Cl TLCI2.0
   MXSL(L)=XS(L)+rvlSesCTTLCI2,O+MliYNCTTL.Sl2,O
   MxSR (1-) :xS CL) +MS .C TTLc12 e O-tnw-CTTLS/2, o
   sxsL(L)=xscL)-Ms-,FcTTLc/2eO+sw-cTTLsl2,o
   SXSR (L) =XS (L) -MS,iLCTTLC12 , OtSW•I,-CTTL S/2 , O
   MRX(L)=XS(L)+e,08scCTTLC L
   SRX(L)=XSCL)-O,O8-CTTLC
   DNN=O. .1 5-- (FLOAT(N))+1,5S7
   lF(MRX(t.).GE,DNN)GO TO 95
   IF•(MRX(L),LT,DNN)Ge TO 96
95 ly•1=t,l+1

   lF(iM.Efo,190)GO TO i12
96 MRY(L)=CP(r"!,År11000,O+EY
   5RY(L)=CPÅqtvl-1)11OOO,O+EY
   lt=L-J

s

 WRtTE(6,10e)L,X(L),Y(L),X5(L),YS(L),MXSL(L),MYSL(L),MXSR(L),MYSR(L
i),.SXSR(L),SYSR(L),SXSL(L),SYSL(L),THETAO,MRX(L),MRYCL),SRX(L),SRY(
2L)
 RSDSL(L)nABS(SYSL(L)-SYSLO)ICTTLC '
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2500
2501

1

'--  -  h-  '  ' i l' 2-'

IF.(L'F-.N'.N)GO TQ III .
IF•(R' sVSL(L)iiGEi,ABS(R-SbSLO)-SPSWL)GO TO 2'500 ' --

             tl . 1.t t -!                               '
GO TO ?402 't "'  .
WR!TEC6,2501)
FORMAT(IHO,20HEND OF LEFT STEERING)
XO=X(i:År .

ysO=yrs cL)

MYSRO=MYSR(L)
 SYSLO=SYSL(L)
 5YSRO=SYSL(L)
rAxsLOFtnXSL(L)
MÅrcsRO=t4)Åq'SRCL) ' ' . :

 SXSLO iF.SXSL(L)

 TH F. TAO=THET JFXO.. THETA(K)
 IF (L , F" (J ,N) GO TO 111

 GO TO II ... j .. -. ,.... .... "
 5TOP
 ENO

l88

.
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                                               tt.                                                          /     .' ', J:, h6T c'oni$ta.n"s 'used' i"-p th"s'''i:iTTiiuia' ti6n' i)rogkamm are as

'' ,, #.O.ii,iOti.SI ,.);,.tll ..,.

                                          '    1" U- fN i'i6oon - DT . o.os sec DRIvE = o.o rad
    L :'ij, J.
    ''' TR,l 8.5 kg-rn t AMP = O.i m-'E" ' -• [C = 3.6 rnn-
     , T-    . A psl = O.O rad , • eVR.=]O;1575 mlsec
         .RDzw'i, ,i 6.l6Ssi ij" ''Li:'J/1t,",II.Rstit f7,5,i'ii61Lg[Ym•J-di:]•, t: ' [E:,z, ;'s.•p kgr'`m'

    -L J.' ,, GEfi' .'76'.s kg .-rrt-4'- s-e e. 2' e i 24A kg -m': ' cR- = loO ,IC kci km -sec

    ,i",'iii,Il/lli'Me'i,1i;,•:-.:,,2i:T. 1'i I"Jiiii,i/s.,}:-it-s6il,:-•iJ'im'ÅÄisi.:'6•'-ke`-gi

    "1'" 'i bsr - o.o rtia .,r.,-cQ.t - ol' u7s m7 s' ed " "

    ,: ''-3g,i:'Ji•:i'i:.,gI:i.,.:.,i•,s :glf•-:,i'•.l/--gl;de.-...J2i 'i"'.,i,i-i7.6k'g,-r•.

 '''"' ililJl " "'` '"...J.i ','' ''' ,i'f, .i' " ''T' :'t ': "' "L ''''` 't :: -':

    '`'il'"II,,+,.11Y'Ii'''"'''i'' ''' "''":''" .

        .ttF t L. ttt - t. 't
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              '



l90

    REAL Mb,MVI,MRY,MRX,lrlSCT,M$ST,MWCT,MvtST,MDSL
   ,DlMENSiON X(2OOO),Y(2OOO),XS(2OOO),YS(2OOO),XMFC2OOO),YMFC2000),Xtvl
   IR OOOO) ,YMR (2000) , THETA(2000) ,MRY(2000) ,5RY(2000) ,MD5L (2000) ,SDsR (
   220eO),RMD5L(2000),R$D5R(2000),MRXC2000),CP(200),NN(200)
111 READ(b,100)bl,KK,AMP,DT,T.MMI,AA,AAA
100 FORy,AT(2I8,3FIO,O,16,FIO,O,F8,O)
    1FCKK,E(i),O)GO TO 113
    READ(b,123)PS1,DRiVE,DG5,CVR,CVL,5SR,S5L,DELTA,ALAMDA,PHE,TR,TL,GM
   1,C,AJR,AJL,CR,AMR"AML,R$R,RSL,DGRR,DGRL,FDZW,RDZW,MW,Ms
123 FORMAT.C7FiO,O)
    READ(S,90)(NN{MÅr,M.i,MMI)
 golFORMATC12I6)
    bO 334 I=1',MMI
334.CP(I)=fLOATCNN(I)År+AAA
    EY=AA.CP(VllOOO.O
    WRITE (6,101)
101.' FORMATCIHi,39HSIMURATION OF AUTOMATIC STEERED COMB:NE)

  1 FORMATCIHb,5X,21HRANDOM INPUT AT FIELD)
    VVRETE(b,102)N,KK,DT,DR1VE,TR,TL,GM,C,CR
102FORMATCIHq,2HN=I8,1X,3HKK:l8,IX,3HDT=F10,S,IX,6HDRIVE=F10,5,1X,3HT
   IR=F1O,5!1X,3HTL=F10,5,1X,3HGM=F10`S,1)c,2HC=FlO,5,IX,.3HCR4F1O,5)
    WRtTE(6,103)AMP,T,PSI,CVR,5SR,AJR,AMR,RDZwiR5R
103FORMATCIHO,2X,4HAMP=FIO,5,4X,2HT:FiO,5,4X,4HPSI=FIO.5,4X,L+HCVR=FiO
   1,5,4x,4HssR=F10,s,4x,LFHAJR=F1O,5,4X,4HArvlR=F10,s1//,IH ,SHRDZW=F1O,
   25,`+X,`IFtiRSRtF10,SÅr
    WRlTEÅq6,104)AMP,T,PS1.,CVL,SSL,AJL,AML,FDZW,RSL
104 FORMATCIHO,2X,4HAMP=F10,5,4X,2HT=F10,S,4X,4HPSl=F1O.5,4X,4HCVL=F10
   1,5,4X,4HSSL=FlO,5,4X,4HAJL=FlO,5,4X,4HAML=FIO,S//t,IHs5HFDZW=FlO,
   25,4X,4HR5L=F10,5)
    WRITE(6,105) -105 FoRMATCIHO,12X,21HLOCATION OF CENTER OF,4X,18HLOCATION OF MIDDLE,6
   IX!11HLVCATIoN OF,11X,11HLOCATlON OF,8X,1IHARGUMENT OF)
    WRITE(b,106) • .106 FORMATCiH t12X,7HGRAVITY,17K,9HQF SENSER,15X,12HFRoNT SENSER,10X,1
   11HREAR SENSER,ex,7HCONBrNE)
    wR 'I TE (6 uo7)
107 FbRMATCIHOi2X,6HNUMBER',10X,ZHX,1OX,IHY,8X,2HXS,8X,2HYS,9X,3HXrvlF,9X
   1,3HYMF!9X-3HXtvtR,8X,3HYMR,8X,5HTHETA,5X,3HMRY,8X,3H5RY)

    XOFO,O • ,    xo=o,o
   ,\o=o,o
    xsono,o
    YsnEo,O
    TfTIETAOdiDR1VE
    L =O
    Min2 •f
                '    WR!TEC6,204) . .204 FORMATCIH i31HBEGINN!NG OF STRAiGHT TRAVELING)
    C'f=cosgTHEtAo)
    stiSiNC.TH.E. TAO) [• --
    Gc=Gra/(c-o . . '-
    cGnclGM . . .
    pTtipHieTHETAO. .•
             tt tt                    n " T , :'' ] .,1: ;'` lll:i -l i't tili ''-
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    DSPtiDG5-SIN(PTÅr
    DCPinDGS-C05(PT)
    CGDT=C"-DT
    CTCIG=CT-GC
    S,TCG=5TKGc
    bl S.CT"M'5}CT1 2 , o

    MSST=MSxST/2,O
    MWCT=MVi-N•CT12,O .
    MWST=trVW"ST/'2.0 '' ' '
 12 'C1t-2,OscFLUAr(l)
    FR=TR've C2 , O-EXP (C I ) +i , O)
    FL=TL•,e(2,O-ExP(Cl)+1,O)
    FRLC = CFR+FL) -C TCG.
    FRLS.=(FR+FL)-.5TCG ' . T
    AI.=-CGDT-FLoAT(IÅr - • - '
    L=L+1
    X(L)=XD+FRLc-CEXP(Ar),+cGDT-FLOAT(1)-1,O)
    Y'CL) kYO +i FRL.s -- ( F.XP (A 1 ) +cGDT-FLOAT ( i ) .-i, O)

    XSgL)=X(L)+DSP
    Y5(LÅr=Y(L)+DCP
    XMF(L)=XSÅqL)+MSCT+SvlWST
    YMF(L)=YS(LÅr+tvlSST-MwCT
    XMR (L)=XS (L) •• tvlSCT •-MWST ,
    YMR(L)ttYS(L)-MSST+MWCT
    rvlRx(o :xs(o-+o,os-cT , ,. ..
    DNN=o`4s-FgoAT(M)+1,Ss7
    IF(M'RX(t),(;E DNN)GO TO -35
    IF(MRXCL)-,LT,DNN)GO TO 36
. 35 rvt=M+•1.
    IF'(M ,•EQ`, M. Ml) GO . TQ 112

 36 MRY(L)=CP(MÅr11000iO.+EY
    SRY (L-) =CP. (M-1) l1000 , O+EY
    MDSL (L) FMRY (L) -YMF (L)- •
    SDSR (L) SSRY (L)[-YMR Åq•L).

l91

WK1TE,(b,1Oe).L,X(L)iY(L),X5(L),YS(L),XMF(L),YMF(L),XMR(L),YMRÅqL),TH
   IETALo,MRY(L) !•SRY(L)
108 FORMAtCIH i2X,I8,IXL,11Fll,6)
    1F(L,EN,N)GO TO .111
    1ECMD5L(L),LE oeO)Go-To 6oo
    I. F (SDSR ( 4, ) , GE , riRD,ZW) GO TO 1300

    IFI t.1.. . , •
            -t-    GO TO 12'
600 WRITE(b,60t)- ' '
601 FPRMATC'IHO,t+sH'BEGINNENG OF CONTACT OF FRONT SENSER WITH ROW)
602 I=I+•i • . . 1"                       1.     tt               '    L;.L+1 '- -   Al4,-,CCJDT-FLOATÅqI)
 . X(L)=XO+FRLC.(EXP(A1)+cGDTftFLOAT(I)-1,O)
   Y(L)=YO+FRLs-(ExP(AI)+cGDT-FLOAT(l)-1,O)
   XS (L) i:X (L) +DSP
   Y S (L ). F. Y (L År + D C P

   Xr;l F (L) FXS (L) . F-S 5cT+Mw .S T

   YMF(L).sYS(L)+MSST-MWCT
   XMR .(' L ). -XS .Åq L ) -• M5CT-MWST
   yMR `( [) ri ys (L) e.MssT+MwCT

                    :- 11 1 , li - :: l ivl :1 Td. :. i,2i pt:i [



   MRX(L)=X5(L)+O,O8-CT
   DNr"=o,1s"FLoAT(M)+1,5s7
   1F OIRX (L) , Åqlr F. ,DNN) GO TO 60
   IF(MRX(L),LT.DNN) GO TO 61
60 M=M+1
   1.F(M,,EV,M'tv}1)GO rTO 112
61 MRY(L)=CP(M)-liOOO,o+EY -
   SRY(L)=CP(M-•1)11OOO,O+'EY

700
701

702

192

wRrTE(6,106)L,X(LÅr,yÅqL),XS(L),YsCL),xMF(L),yMF(L),xMR(L),yMRÅqL),TH
IE.TAO,MltY(L)-,sRY(L)
 RMIÅrSL (L) :(MRy '( LÅr -•, YMF (b År -CT

 RSDSR(L)=(SR'Y(L)-YMR(L))-CT
 IFÅqL,EW,N)GO TO 111
 1F(RMDSL(L') ,LE,.FDZW)GO TO 700
 1F (RSD5R (L) , GE , -.RD ZI W•) GO TO 1300
 GO TQ 602
 WR.ITE(6,7O1)•-
 FoRMAT.CIHO,•22HFRoNT SWITCH •iS IN SET)
 1 F (L ,. E'Q t.N) Go TP l l.1

 J"O'
 J=J+1 ' ---
 1=1+1
 L=L+1--
 A1=-CCiDT-FLOAT(1)'
 DCL=CYL.DT.FLOAT'CJ)

    x(L)=xO+FRLc-cExp(AI)+.cGDT.FLoAT(I)el,O)
    Y(L)=YO+FR.LsNÅqExP(.AI)+cGDT-FLOAT(I)-1`O)
    X5(L)=X(L)+DSP
    YS (L )' =Y (L) tDCP
    XMF (L) =XS ÅqL) +MSCTtMW5T•
    YMF(L)=Y5(L)+M'SST.MWCT z
    XM R, CL ) =X3 ( .L ) -M5CT-lri WST .
   . Y.MR (L)=YS (LÅr -M5St•+MYrCT
    MRX(L)=XS(L)+P,OB-C•T
   Dr"N=o ` 1s-F .LoA-T (M.) +l,, 587•
    :-F-( MRXÅqL) ` (SE-, DINN) GO TO 7S
    1 F; (MRK C.L) , LT ,• DNN) C;O TO 76
 75 M=M+1
    IF(M,Eor,.",•lyil•)GO TO 112

-. 76 MRY(L)=CPCM)-llOOO,O+EY
    SI? .Y.(L•) =CP (M-1) 1100Q,O+EY
    RtrlDSL (L) = (MRy ÅqL) -YMF (L) ) -cT'

   WRlTE(Q,10ti)L,X(LÅr,Y(L),X5(LÅr,Y5(L),XMF(L),YMF(L),XtJIR(L),YMR(L),TH
   IE TAO , MRY .(• L) , sRY(L)
    1F(L.,EV,N)GO TO 111
    tF C-DCL ,•GE , .5 SL) GO `TO 80o
   GO• T.O -'t02
800 WRITE(6,80i) -
801 FPRMAT-CIHP,26HBiEG•iNNING OF LEFT STEERING)
   XO=x(L)
L. Y' O••--Y(L)

   X5-O'=X5.(L)L'-- - . •--. .
   Y,50uYS•(L) -•. .'
   YJM FO'=YM'F ÅqL) -

     ; 't' ':'I':: :". tT':; "!il :1 L ' i"l ':r: ,.

1
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     J=J+1
     K:t1.
     1=l+1     ACL=AMLICR . •' • , '
     AJCL=AML-AJLI(CR-CR)
 802 AI2F•-CR-DT-FLOAT(K)/AJL
     1=1+1. -i
     L=L+1 :.     THETA CK )' 4AJCL-EXP (•A i 2) +ACL-DT.F LeAT (K) -AJCL
     BTT=THE TA (K) .,,THE TAO
 r X(L)=XV+DGRL-cSrN(BTT)+ST)
     YCLÅr:YO+DGRL-(COSÅqBTT).CT)
     ALTT=ALAMDA+THETAO-THETA(KÅr
     A[TO=ALAMDA+THETAO
     X5(L)=XSO+HSL-(COS(ALTTÅr.COSÅqALTO))
     YSCL)=YSO-•b(sL-(SINCALTo)-5IN(ALTT))
     CTTLCC=COS(THETAO-THETA(K))
     CTTLSS=SIN(THETAO-THETA(K))
     XMF (L) =XS (L) tM5KTTL CC12 , O+MW-CTTLSS/2 , O
     YMF(L)=YS{L)+MSscCTTLSS12,O-MYIiCTTLCCI2,O
     XMR(L)=XS(L)-MS-CTTLCCI2tO"MW-CTTLSS/2,O
     YMR(L)=YS(L)-MS-CTTLSS/2,O+MW-CTTLCC/2,O
     MRx(L)=xs(L)'+otos-crTLcc
     DNN=O,15-FLoAT(M)+1,5B7
     IF(MRX(L),GE,DNN)GO TO 92
     lF(MRX(L),LT,DNN)GO TO,91,•
  92 M=M+i
     IF(M,EN,MMZ)GO TO 112
  91 MRY(L)=CP(M)/1000,O+EY
     sRy(L.) =Cp (rri-1) /looo . o+Ey
     WR!TE(b,810)L,X(L),Y(L},XS(L),YS(L),XMF(L),YMFCL),XMRÅqL),YMR(L),TH
    IETA(K),MRY(L),5RYCL)
 810 FORFIATCIH t2x,Ie,IX,11Fll,6)
     RM D JC L (L) =• (Y MF CL) -MR Y (LÅr) 1 CT TL CC

     IFCL,E•e,N)GO TO lil '     1,F CRMDSL (L) , LE, FDZW) Gq TO 900
     K"= K+1
     GO -TO 602 '
 900 WR1TE(b,901)
 901 FORFIAT(IHO,20HEND OF LEFT 5TEERING)

     YO=YCL) .
     XSO=XSCL)
     Y5O=YSCL)-
    LYMF O'= .YMF CL) 1
    :Y'MRO=YMR(L)
     THETAO=.THEX'A-O-THETA(K)
     IF(L,EU,.N)GO T-O 111 •'-'
    -GO'TO iii
1300-WRITECb,1301i)] -'
1301'FoRMAT(IHo,21HREAR -sWIiTCH IS -IN SET)
     rF (L,EN ,N) GO 'EO ..11 1• -. T
                         '    Jno' •- - '. ,                '1302 JtJ+1 • ' , ., r
     ImI+1
                    4 -r: - 1 -+ t - :-t- 1-i d'i' - 'b ]- - t :/1 i-
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     Ltt. •+ 1•
     A :'="CGDT-FLOAT ( 1 )
     DCR=CVR-DT--FLOAT(J)
     X'( L) =XO+FRLC.(E XP (A I) +CGDT-FLOAT (I) .1,O)
   - Y(•L)=YO+FRLSce(EXP(AE)+CGDT-FLOAT(i).1,O)
     XS(L)=X(L)+D5P
     YS (L)=Y (L) +.DCP'
     XMF(L)=XS(LÅr+M5CT+MWST
     YMF(L)=Y5(L)+MSST-MWCT
     XhdrR (L)=XS (L) --MSCT-MWST
     YMR(L')9YS(L)-MSST+MWCT
     MRXCL)•=XS(L)+O,08-CT
     DNiv=O,15ifFLOAT(M)+1,587
     IF(MRX(L),GEiDNN)GO TO 5O
     IF"IRXCL),LT,DNN)GO TO 51
  50 M=M+1
     IF(M,EQ,MMI)'GO TO 112
  5'1 MRY(L)=CP(M)/1000,O'+EY
     SRY(L)=CP(M-1)/1000,O+EY
     R5DsR-CL)=C5Ry(L).YMR(L))ICT
     wRlTECb,1e6)L,XÅqL),Y(LÅr,XS(L),Ys(L),XrvtF(L),yMF(L),xMR(L),ytvlR(L)gTH
    IETAO,MRY(L),sRY(L)
    •IF(L,LQ,N)GO TO 111
    LIF•CDcR,GE 5sR)Go To ltepoO '
     GO TO 1302
1400 WRlTE•.(6,IZIiOl)" • .
1401 FoRMAT(IHO,27HBEGINNING OF RIGHT STEERING)

     YO=Y(L)
     X50=XS(L)
    YSO=Y5 C.L)
     YMFO=YMF(L)
    YMRO=YMR(L)
    J=J+1
    K=1
    ACR=AMKICR
    AJcR=AMR-AJR1(CR-CR)
1402 B11=-CK-DTscFLOAT(K)/AJR
    L=L+1
     1=t+1
    J= J+1 •    THETA(K)=AJcReeEXP(BI1)+ACR-DT-FLOAT(K)-AJCR
    ATT=THtTA(K)+THETAO
    X(L)=XO+DGRR-(SIN(ATT)hST)
    Y(l ) :YO+DGRR-(CTd•COS(ATT))
    DTT :DELTA+THETAO-THETA(K)
    DTb :DELTA+THETAO
    XS(L)=)4L50+R5R-(COS(DTT)-COS(DTO))
    YS(L):YSO+RsR-(sIN(DTO)-SIN(DTT))
    C'r TRC :C.OS (THETAO+THETA (K) )
    CTTRS:S1N(THETAO+THETA(K))
    XMF(L)=XS(L)+MS-CTTRC12,O+MW-CTTRSI2,O
    YMF(L)=YSCLÅr+MS-CTTRS/2,O.MW"CTTRCI2,O
    XMR (L) =XS ÅqL) -M5-CTTRC/2 , O.M'W-CTTRS/2 , O
    YMR(L)i:YSCL),hMS-CTTRS/2,O+MW"CTTRC12,O

                   '] ;-1 t..r'': ; :"' ]li L,,!,: .!a :l t
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     tvtRX (L)=Xs (L) +O,08-CT TRC '     DNN=O,15-FLQAT(M)+1,587
     1FCMRXCL),(liE,D5LIN)Go To B5
     IF(MRXCL),.LT,DNN),(l,O TO e6-- x ., ., . i.
  8S M=M+'1 • '' ;
     1F(MeEN,MMI).G.O TO-i12• .
  86 MRY(L)=CP(M)11000,OiEY -
     SRY(L)=CP(.M-i)11000eO+EY. . .     wRtTE(6,i4V3)L,X(L),Y(L),XS(L),YS(L)-,XMF(L),YMF(L),XMR(L),YMR(L),T
    IHETA(K),MRY(L),SRY(L)- . - -, - '1403 FORMAtC'IH 42X,Ie,IX,11Fll,6)- '' ''
     RSDSR(L)=(YMR(L)-SRY(L)ÅrICTTR(;- -.. • ,,.i-i h . .
     IF(L.LN,N)C;o TO 11'1
     IFÅqRSD5R(L),GE,RQZW,)GO ITO 1500
     K•=K+1
    Go To 1402 . •,. , .. .1500 wRITE•Cb,lsOb • ' '' '1501 FORMATC,1.HO,21HEND, OFLRIGH.T ,5TEEI.RE.NG)r . -. -:I:. ' lt.
     XO=X(L) i• - T.
                  tt
                                                   '
                 -t                                   - .-    YMFO=YMF(L) - ''' '                                                   .
                F -../ . . r.t. t.    THFTAO=THETAO+THETA'(K)
     IF(L,Ee,N)GO TO III. . .. 4 .. •                         tt    GO TO U- 11 -• •- •-• - li2 GO TO 111
 113 STOP - ;. '
    END

Lt""-A-e----- ---- 4L. ---- - i- ;-'-;- ':'" - Tr T -

.



                                                  - 196

References ip .Chap.te.I l: . - . ,. .-
l) D. E.. Burrough7 Power Reqgi;ementS.pf ComPine drive,.Agric.

   Engng., VQI, ••,35 (-l954 ), No. I. pp. .l5 - .18, ,

2) C. Dolling; Der Drehmoment-und Leistungsbedar.f von ttlahdrescher-

   trommeln, Grundl. L.andteqhn..Heft. 6 ( l955 .),.pp. 27 7,3.4 .-

3)•C. Do!ling; Der neistungsbedarf von mahdreschern, Landtechn.
Forschung, ue[t Z (.-1957 ), pp. 33 - 44
                                              '
                                                      .4):D. Frenzel; EÅ}nflus$ der.Dreschwe.rkeipfitte;ung auf die ,

   Verluste an Mahdrescher, Deutsche .A.graltgchnikr 17 .Jg. ( 1967 )

I{eft 7, pp. 299 - 300

5),N. A. Lazebnyj; Kornbewegung auf "eahdreschersieben ( Vrans-

   lated from Russian,Li.terature, blechnizacijg. i .Electrifikgcija,

   l967 ,- .8, pp. "l7 - I9 )-, Landtechn. Forschung,.l7 ( 1967 .)

   HefV6', pp.-: 194-196 '
.6-) N. V.- Filatov -and P. G. Chavrad; Ve.rstarkung der K6rnera.,bschei-

dung auf Horden-Strphschtitt.ern ( translated fFom. Ru,F.s;an- Litera.-

ture, Is!eh.anizacija i,Electrifikacija, l967 .-- ,6, pp. 22 - 26 ),
                                                      tL
   Landtechn. Forschung 17 ( 1967 ) Heft 6, pp. I96 - 200
                   '.7) N. V... Tu.del' and V. E. P,oedinok; Verojatnostnoe. PFedstavlenÅ}e
                                                  :
   Usilij- v MoJetil'nom Apparat.e KoTr!ibaj.rla SK-4. (.ip Russian )

                                -   .( ProbalS}il.ib'!stiq.Represe.ntqtion of Forcels in TrpT.eshing Device

of'Combine'SK-4 ),,Traktoxy -i Sel'hozipasi4y, ,1968, Nr.l2, pp. 22

.- 25 .- .• . -, •-
                                         '
8) A. F Kononenko-; Verojatnostno-statisticeskij Analiz Raboty

   Zernouborocny k Kombajppy (• in Russian ) ( Probabilistic and

   Statistica•l Analysis oE Op.eratipp of Grain HarveFVing Combine )

   Mehanizacija', i Elektrifikacija, 1970-3, pp.44 - 49

 9)'.TA.• B'. Lur.'e and--Ju. A.. Vaptjusov ; Statisti.ceskie Ocenki



            '
    Pokazatelej Raboty Zernoyborocnogo Kombajna ( in Russian ) (

   ,,Statisticgl Evaluation rndex of Oper.ation of Grain HarvestÅ}ng

    Combine )t, "lehanizacija i Elektrificacija, 1970-6,, pp. 53, -56
                                                           ' 10)ZT.Undirbaev ; Sirokozahvatnaja Zatka na Vborke Risq ( in

    Rus.sion ). ( Wide-span'Harvesteron Rice Harvesting ), Mehani-

 zacija i Elqktrifikacija, Z970-9, pp. 56 •- 57

 ll)r. Yokoyaxna, Z.. Doihara, H. Kadowaki, M. Tomita qnd S. Owa 7

    SVudles on HS61-A. Combine ( A !Vrial Manufacture of a Rice

    Cgrnbirle-) (. in Japanese ) lr. of iSA:"I,, Vol. 25 ( l963 ), No. 1,

                                          r                                             tt
 12)S Umeda, Y. Shibano, K. tMoori, T. rchikawa and H. Oba ;

    Performance oS Small Header Combine ( I - Power Reguirements )

   ,( in.Japgpeget) J•. of -SiSii,•Japqp, Volt 2.8 (,l966,),,- No• 3.,

 13)S. Umeda, .H. Takigawa, M. Otsuka and lvl. Kusunose ;•Perforrnance

 of Small.Header.Combl.ne ( X; - Separation Characteristics ) ( in

                                                                . i26JaP9neS,Ie. År .J• OE,-SAilt Japqn, Vol. 28 ( lg6.7 ), No.. .4, pp. 223-

 14)N. KawarTlura, R. Yamashita, "L Nakatani and Y. Ikeda;

 .I.Eunctional Studies oC- Combine (Part l) - .[Dhe Preperties

    9f Ch.e Power Reguirements. of Combine (in Japanese) --, J.

 . gf SAI![f. .gapqn.,.Vpl.28(1967), No.4.,- pp.217-222

 15)N• .Kq.w, amuFat. .3. rYarnash"'C.a.., .Nt. Nakatapi and y. Ikeda;

    FU.n.CtiOn9,l. ,StUdigs gf Cgmbine..(Part 2 & 3) - Characte-

 . .r-sVcs."pS,..t..he Fluc.t.uatip.g Tprgues of the Combi.ne . .

                                                '   El.ement.s (in Japanese) -, J. SAM, Japan, Vol.29(1967),

   No.2 ,. pp• .73-.76 . - ... -.. .: - ..Iv.[ ii .i. i• J. '.' i.-i .. ii'

•16)H. Ezaki, K. Miura and S. rmazono; Load -Characteristics



                                                         198

   pf -a Two-Cyl.indereq Rice Combine ( ! ) (in Japanese),

   J. of SAM,.Jap.an, Vol. 3? (l970)•,.No. 3, .pp. 203!210

17).N. ,Kawam.ura-,]R.i. -Yamashita•,, K. Naptkawa. and Y. rk.eda;.

   Functi.onal S.tud-i,es,of the $mall Cpmbine with Self-feeding

   Type Thresher (Pa.rt 1) -- The Power Rea.uirements: oE the.

   E.unc.tipnal•,Elements-of the Thresher (ip. Japanese-) •-.,

   J, SAI!t, Japap., VoJ.30(1968),.No. ,1, •pp. I9-23
                                                tt
.18)Y. Ikeda., N. Kawamura-, R. Yamashita 4nd K Namikawa;

   Function,al Studies of .th,e- Smqll CoTT". ?.ine wi-th Self-feedin.g

   Ty•pe.,Thresher (Part 2).- [Che Dynarnic Characteristics oi

   Fluetuating•Torques /o..f. the Funqtlonal Elemepts of the

 ,. Thresher (.in lrapanese) =, if. pf•SAM, Japan , Vol.32
       '   ,{1970)'r NO• 3t. PP•'l98-.2P-2 ' ,..', ''' '- -'

19)N. Kawamura, R. Yamashita, K. Namikawa, Y. Zkeda and

   M. .Yukueda7Studies of Small Rice Combine Qf Head Feedi:ng

   Type, Memoirs oE .the College of'.Agriculture, Kyoto Univ.t

   No. 99, March l971, Kyoto, Japan, pp.IQ!-1-26.'. . , ,-

20)H;'Ezaki, K. Miura and S. Zrnazono;Load Characteristics

   of Head-Feeding Combine (, :,: ). (in Japanese)t J. of

   SPJY[,.,Japan., Vol.-32 (197;}t, No• 4•t.pp,t 284•-288 ,-

21);. F,.Reed; Measurement of Foeces of Track--Type Tractor

t', Shoest Trqn.sacs..A.SAEt Vol. 1..(1958)r NO• lr.PP• 15-18 r,

22)A.,P.. .SoEijan apÅql Ye. 1. M.axirnenko; [Dlie DistriblJtion of

   Pscessure under.a Tracklaying Vehicle, J. Terz-ameahanicsr

   VOI• 2"(l965}t NO• 3'r PP' ll-16 ..'".' . -
23)A. 1. Bruse.ncev ; rssledavanie Tjagavoj Harakteristiki

   Traktora" s Bul'doze=oin ( in Russian) ( Study of Charaete-

   ptstics,of Prgpu'lsion of• Tr.actor witb Bull.dozer: ). ,Tra]ÅqtQry.i



                                                         l99

Sel'hozrnasiny,••19'66'-11' , LpP. 1'8 '- 20 '
24)Y. Yasuda and J. Doi ; On Nieasureinent of Soil Pressure under

             4t,                                          tt   1tnicacklaYer of'Combine on'Sa'nd, PrePtint' of the 27th Annual

   Meeting•.og slvc'}Japan:('Tdkyo ), '196'8; p•9'' '

25)W•;'•'•S6hne ; •Stiand des Wissens auf Gebiet der Fahrzeugschwing-- ,

en'  Qntdr besondeter BerUcksichtgung landwirtschaftlicher''Fahr-

   2-eu'g•, Grund1;Landtechn. Bd. I5 ( 1965 ) Nr. X, pp. I"l - 22

26)Ju; V. Grint'kovL i I'ssledavanie Vibracii Kombajna SK-4 ( Å}n

 'J RusSi'an ) •( StUdy of' Vibration of Combine SK-4 ), Mraktory

   i"'S.elÅ}hozmasinyi'l965-2, pp. 24 - 26

27)LL LNI. Grosev• 7' 'Clucajnye Ko!ebanija pri Dvizenii Zernoubo-

rocnogo Kombajna ( in Russian ) ( Random Vibacation in Moving

               ,'Plehanizacija i:Elektri•fi-kac-ija, 1'969-5, pp• 38 --   ef eornbine )

   39:::- •. -,F: .:, 1.... '. 11 1/ ,' '.•.. .' •- '

 28)L.A. Liljedahl and J-. Strait ; Autornatic Tractor Steering,

   l\gr"c.`iEpgpg. June l962I, pp; 332 -- 335, 349

 29)l4•. ,•A, Grovym and G. C. Zoerb•; An Automatic Guidance 'Systern

   fo.r. E.ar,rp Tractor., Transaca. h"SAE,, 1970, pp. 565 - 576' •

 30)Lal.J•N'. Shukla, C. E. Goering and C. g. Day ; Effect oE

   TraCt'or Pa'rarneters on Automatic Steering, Transacs. ASAEr l970r

 3ZÅrA. P'.'Julia'n ; Design and Performance of a Steering Control

   System,:Eor Agricultural Tractor, J. agrie. Engng. Res. ( 1971 )

  -:, 16. (:'3,[- ).';•. p'p. 324 - 336

 32)M. G'iiR.iWanner and G. O. Harris 7 An U!trasohic Guidahce
                                                                 -
                                              '  - .System;for Driverless Tractors, J. agric. Engng. Res. Åq l972 ),

   pp;r.,'•l- ..9 :• •r . '•'-i'' ;': -•1 i'
-

 33)M. B.u"Widden and J. R.'Blair ; A New-Autornatic Traetor Guidance



                                                         ?QP
 .,,System, J.. agric.. Engng. Res. ( 1972 ) l7 (1 ), pp. IO --

34)R. L. Parish and C. E. Goering.; Developing anAutornatic

   Steering SysteTp. .for a Hydrosta.tic Vehic!e, Transa.cs. A.S.IUI,

   1.970, pp., 523 +- 527 .
35)R. L. Pari$h and C. E. Goering ; Sirnulation of an Autornatic

   SFeering Systern for a .Hydrostatic Vehicle, Transacs. ASAE,

   l971, pp. 4SO -- 454 . ,                                                     i        '
36)N. Kawamura, Y. rkeda and N. Nagasawa ; Fundamental

  , ExperiTpents on the ,Automatic Steering System oE the H.ead-

                                                        .   feeding Type Combine ( Å}n Japanese ), Jr oE SZYbC, !Åqansai,

   No•.•30, (1971) June, pp.. ,40-42 . .
37)N. Kawarnura, Y. Ikeda, H. Kuroda and K. Matsushima ;

 ., Studies of the Automatic S#ee4ng.$ysgems, of the Head-- -,

                                                     .' fee,ding Typq CQigbine ( in Jqpanese ),, ,J. SAM, Kqnsaz, .
                                                 H   Nq. 32 ( 1972 ) June, pp. 58-6.0 - •

38)N.Kawamura, Y.:keda and Y. Hayashi ; Studies of the Auto-

                                                      .   rnatic SVeering Syste!ps.pf.the,Hgad-ieeding, Type 9o;nbxne

    ( Cpntlnued.) ( in Japane$e .),.J. SAbC{ Kansai, No..34 .

    { l97,3 } June, pp. 65-68

39)Y. Zkeq.a and N.-Kawamura ; Studies of,Automatxc Stegrzng

   Systern of .C,p"mbz'pe ( in Japa.nese ),, (. Being cgntributed ,

40)Y. -Yasuda H. Kishida !..Tada and T. Oda 1 Electro-

   hydra.ulis Control of Combine. ( Part. 4 , Automatic Steer-

ing System for. He4d-feeding Type Combine ) -( in J.apanese,),

   preprint oE.the 32nd itpnual Meeting of SAM, Jap.an (

   Yam.aga.tp ), l97,3, p. 29 -. .., ,



                                                           201

References in Chapter 2
l) D. E. Burfough''; power Requirements of Combine Drive, Agric.

   Engng., Vol. 35 ( l954 ), No. 1, pp• Z5 - 18

2) C. Dolling ; Der Drehrnoment-und leistung$bedarf von Mahdresch-

   ertrommeln, Grundl. Landtechn., Heft 6 ( l955 ), pp. 27 - 34

3) C. Dolling F Der Leistungsbedarf von Mahdreschern, Landtechn.

   Forschung, Heft 2 ( 1957 ), pp. 33 - 44'

4) C. Kanafojski 1 Theorie, Berechnung und Konstruktion der

   Landmaschine - 2 Halmfruchternterndschinen

5) F. Shoji and Z. Yoshida 7 Studies on the Di$tribution of [Vhre-

   shed Materials under the Concave--Sieve of a Threeshing

   "!achine with Self-Feeder, J. of SIUvr, Japan, Vol. 19 ( 1962 ),

   No. 3, pp. 117 •- l20

6) F. Shoji and F. Sano ; An Analytical Example on Threshing

   ,Process of Threshing Cylinder by High--Speed Camera, J. of SA:ii,

   Vol. 19 ( 1963 ), No. 4, pp. I67 -- 173

* ) N. Kawamura, R. Yamashita, M. Nakatani and Y. :keda ;

      Functional Studies of Combine ( Part 1 ) - The Properties

      of the Power Requirements of Combine - , J. of SAI4, Vol.28

      ( l967 )r NO• 4, PPe 217 - 222

** ) N. Kawamura, R. Yamashita, K. Namikawa and Y. Ikeda ;

      Functional Studies of the Small Combine with Self-Eeeding

      Type Thresher ( Part 1 ) - The Power Requirements of the

      Functional Elements of the Thresher -t J. of SAI!Ir Japan,

      Vol. 30 ( 1968 ), No. 1, pp. I9 --• 23
   '
*i* ) N. Kawamura, R. Yamashita, K. Narnikawa, Y. Ikeda and

      M. Yukueda ; Studies on Small Rice Combine of Head

      Feeding Type, "lemoirs of the College of Agric., ,Kyoto Univ.



l-x . ."v

tL ,J

No.
 L.,. :' '

i.I,

g9
 h,

 '..Jt.

Åq• l97J ),
  -p  .s: ,. .i.     r    '

L l-, 'i ,:."'

PP• IOI - 126
r; .s  ."  r c

..• v:T'' ' :t •t -t •: •:- -- 'f

2o2

w t ', lr; L;

'1 J'

,:1

.L' "t-  .}

  :. 1..-.r;-  ..-.Ii i t

"ii" .HJi: f') . . ': z.V: L' .:

- :.L ,i. fvlt'p rl'L lrT f. - ''

t.7  -tl -;t .Xttlt. T .J-

1:.-, L, .

:JL"' t :,t ih' f. .`;r -

l
- 1.l

:-t tr); li:T t :t/ -t vl.-

HLf  ffi'  "ll r'11. JltJJ tE 'A: :' [-L

,;- ;r- ' ' '. 1. L .l•- [1) -. • I ]. ,-.• r: t J :t

,

.,: t r: [ ,.

'C-L :)i t;li .: .,lq l", 'I. ,; '; : ' ",.4 "Su: -' .l'L- Jl: z.: [..jd s '` f/'c.. ,:r .. 't" ,' 1 ;/. .Z -' e t /'- rt

        v

f'"

z

t."

"! ;r-1. tt +-- tj7 -"t tJt -..- ' t :i-, i l 1"  -L -. -t t-d- r. -t-J

.-ldL/  - . -/ ot. .- t /tt "vs

tr

f

.1;•.i'i .••

t-'  : l. -. :i. ltt :.t

;.. 1-: k i: li

. 2.

: l..i -t 1

'-
' -:.I-. •: ) T r- s .".:L .z.•:.t'tL' -i li . ..

h

. 11's J' . .. 1: :.

-: 't ut -t - i- t - -t

L;Lr {:J ---. al

'.:: ["r]a,:' J":.1 '+ ':T" ' ..: "r :"z,pm r'

-- f'  I. '.r: -t etf /

"'T  ". '. t' :' L'. 'v

.b

vLf.i

N" -1''• '.' -L l' 1'"

t/ :: ':- .t -: lr) '- r.r:/ "

J• ..:l, l. = L. v '.

---  T . Jl

k'  r ..LJ

L

•L 1.. 11 :

.L ;.

- ' L: " r. , •-

--- -

[J

.:.:1

" ', L

l



                                                          203

References Å}n Chapter 3
                                                 '                    '                                           '              L1) H. 'I-I. Coene' nberg ; Die Belastung von b!otor, Fahrgetriebe und
                                                         '   zapfwelle 6ei p-ckerschleppern, Grundl. Landtechn. 16 ( 1963 )

   pp. I6 - '30

                                              '            '           L2) V. V. SolodoEnikov and A. S. Uskov ; StatistÅ}ceskij Analiz
                                                tt   obektot7 'Regulirovanija ( statistical Analysis of control

   Sy:stem )'-( transLeLted in Japan6se År lg6o "
                     '3) cr. S. Bendat ana A. G,'Pfersal ; bCeasurernent and AnalYsis

   of Randorn Data, lrohti' WiZey & Sons, 1968 '

4) G. M' . 'Je'  nkins and D. G. Vifatts ; Spectral Ana!ysis and its

   Applicati6n, Holden-Day, l969
          t5) M. Eimer ; M6glichkeiten einer festigk6itsgelrechten Bewertung

                              '                                                  '   von BelastungsaufzeÅ}chnungen, Landtechnr Forschung, 2 ( 1966 )[

   pp. '56 - 62

6) J. L. Holloway, Jr. ; Smoothing and Filtering of Time Series

   and Space Field, pp. 351 . 389

7) A. Horikawa ; Analysis of Random Variation ( in Japanese ),

8) C. Dolling ; Der Drehrnornent- und Leistungsbedarf von mahdrescher-

   trornrneln in Feldbetrieb, Grund. Landtechn. 6 ( 1955 ), pp.27-34

9) C. DoZling ; Der Leistungsbedatf von Mtihdrescher, Landtechn.

   Forschung, 2 ( 1957 ), pp. 33 - 4G
* ) N. Kawarnura, R.' Yamashita, M. NakatanÅ} and Y. Ikeda ;

     Functional Studies of Co'rnbine ( Part 1 ) - The Properties

     of the Power Requirements of Combine - , J. of SAM, Japan,

     Vol. 28 ( 1967 ), No. 4, pp. 217 - 222

** ) N. Kawamura, R. Yamashita, b4. Nakatani and Y. :keda ;

     FunctÅ}onal Studies of Combine ( Part 2 & 3 ) - Characte-



                                                         204

     ristics• of ,the Fluetuating Torques of the Combine Elements

     and ,the Ground.Centact Pressure Distribution of its Track -,

     J., oE SZYY[,.'Japan, Vol. 29 (' 1967 ) i'•No;. 2, pp. 73 - 76

*** ) -Y.i':keda, N.• Kawamura, R.. Yamashita and K. Namikasva ;

   ' zFunctional' StUdies ef/,the Small Combine with Self-.

      ieeding TyPe•Thresher ( Part 2 ) - The Dynamic Characte-

- ristics of the Fluctuating TorqUes of the Functional

      Elernents of'the Threshex -,JJ"of SAMt Japanr Vol.32

       ( 1970 ) , No. 3, pp. 198 -t 202

 ****) •N.' KawamUra, R"YamaShitai'K. Nainikawa,'Y. rkeda and

      '"1...Yukueda.;' Studies •on Small' Rice Combine of. Head

      Feeding Type, MernoitS of the College of Agric., Kyoto

      Univ; No.' 99-Åq'.197X ..)/,.pp. IOI .'- i26;' ' --

                                                    '



References in- Chapter• 4. .
1År :. F. Reed ; Measurernent -of Forces on Track-Type Tractox

   Shoes-, Transacs. ASAE, l958, Vpl'. Ir No.' 1-r pp. I5, r 18

2) A. •S;..Sofijan and-.Ye..'I-. MaxÅ}menko. ;,[Ehe Dlstributio•n of

   PressUre,under a Tracklaying Vehicle, J. of•Terrainecha.

   1965, Vol.' 2, NQ.,3i -ppi, ll - 16 -.'
                                        '
3) R. Yonekura ; The Cpntact Pressure Distribution under

  •a BuUdozer,( in Japane$g ) Excavation- -!;idustry, No. 63,l955

                                          r

4) V; Guskov ; The Effect of Drawbar Pull op the Rolling
                                                       //
   Resistance. of.Track-Laying TracVdr, J. of Terramechan.l968
                          .
   VPI•5r NO.• 4'r PP• 27-" 32 '. -.= .-". ,

5) G. G. Kolobov 7 Soil Pressure bleasurements beneath Tractor

 . Tyres,•-J. of Terramechan•..1966, Vol. 3, No..4-,-pp. .9-,- 15

6) V. V. Kecigin and V.• V. Guskov ; The Basic of Traetor

   Performance Theory,L.J.: of, Terramechani l968,-Vql. 5t No. 3 ,

   pp ;' 44' ,.--, 66• .. ". ,
7) D. M. Mitropan, G. Z.- Shepelenko,.A. D. Levitanus and L. M.

   [VchervonyÅ}'. ; rssZe.dovanije Davlenya Dvighitelei Kolsnogo i

   Gusenitchnogo Trakt,ora. Klas.a- 3 Ton naWl.azhnyh Potchvah ( in

   Russian :) •( Ground Pressure .S.tudy of Wheeled and Tracked

   ,Mractpr' Qf 3 ton Class ), T-rp.ktory i Sel- 'khozmashiny, 1966

   No. 6i p- p.: .13 - "5 , N-, ,.
8) M. G. .Bekker 7 Introduction to Terrain-Vehicle Systerns,The

   University of.] Michigan Press ( 1969 ), p. 488

9) P. W.. '•Rowe•; A Sp. il Press.ur. e. Gauge for L4boratory bloqei

   Research', Proc. ASCE, 569 ( 1954•År . '
        .10)O. IÅqitani ;. Fundarnental Studies on [Dillage Machinery ( !I.),



                                                         206
   Soil S{reSs''Meters and Their Faculty and Performance ( in

   Japanese'))'of.;of SAM)'Japan, 4 ( 4 ),1963, pp. 163 - l70
'                 '11)T. Balistenius ahd W. Ber'gau ; rnvestgation'of Soil Pressure

  "feaguririg by bCelanS of Cells, Royal Swedish Geotedhnical

   !nstitute Proceedings, 12 ( l956 )( reguotation from Y.
   t t/   Noziri 7 R'eliabiltty Xniprovement on Kyow'a Garlson Type

   Å}n$trumentL Kyowa Engng. News, li5, pp. 723 - 726 ( 1967 ))

   t-e                 '11)'A. :.'Brusencev ; !ssledQvanie Tjagavoj Harakter"ctiki
' Traktora g Bul'dozerom ( in Russian ) ( Study of Traction

                                    '   Charticteristies of Track-TypeTractor With Bulldozer ),

         '   Traktory i'sel'hozmasiny, 1966, pp. !8 - 20

      -l2)E. D. Lwow ; Theorie des Schlelppers, 91 VEB Verlag Technik,

                        tt             '   Berlin, ( trtinslated frotn RuSSiari by W. Stocker ) 1954

i3)S.'Woelk ; Kinematics and Dynamics of a Track Chain, J. Agric.

   Engng. Rds., l3( 3'), 196' 8, pp• l68 - 186

14)Hokkaido pr6fecture, 1963 ; Report on the Characteristics of

         '          ].   Tractdr, 55, Hokkaido Prefecture, Sapporo
15)C. M.' HarriS and C. E. Crede, Shock and Vibration Handbook,

   MacGraw Hill, 1969

l6)G. M. Jenkins and D, G. Watts ;• Spectra4 Ana!ysis and its

   Application, Holden-Day, 1969

l7)J. S. Bendat and A. G. Piersal ; Measurernent and Analysis of

   Random Data, John WUey & Sons, 1966

l8)M. Oshima ; Vibration and Human Body ( in Japanese Årt p.57

   Tokyo University Press, 1969

19)J. Mattkews ; Ride Comfort for Tractor Operator, J.Agric.

   Engng. Res., 1964 ( Vol. 9 ), No. 1, pp. 3 - 31
                                                   '20)J. O. Wendeborn ; MeclXiische Schwingungen auf Ackerschleppern
                        a



                                                         207

   und 'ihre Wirkung auf den Fahrer, Grundl. Landtechn. Bd. I9

   ( 1969 ), Nr. 2', pp. 47 - 55 -
21)H. Dilg ; M' odelbildung und Schwthgungsberechnung an Land"-

   l];,i9eil'.nfi.,Ploi)rCh' fGr Landtechm.r Bde s, lg6g, Hgft 2/3,

2' 2)W. F'. L' i' hts ;'Vehicle Vibration Analysis Using Frequeric'i Y
   Doma'-'n Techniljues, 'TrLansacs. ASME, J. oE Engng. fbr X'ndu'stryr

   l969-li, pp''. 1057 - 1086

*'  ) N. Ka'wamura,' R. Yarfiashita, M. Nakatani and Y. Ikeda ;

    ''Functional Studies df Combine ( Part 2 & 3 ) - Characte-

     ristiCs of the Fluctuating Torgues of the Combine
     Elements'and the Ground 'Contact Presstire Distr"bution of

    'its 'Track '- ', J. SAM. Japa'n, vol. 29 '( 1967 ), No. 2,

        '     pp. 73 - 76
*be ) N.'Kawamura,' R':  ' Yamashita, N. Namikawa, Y. rkeda and
    'M. `y'ukueda ; studies on Srnall R-ice Combine' of Head

     Feeding Type, Memoirs of the College of Agric., Kyotu

     univ., Nb.'99 ( 1971 ), pp• 101 - l26

          -



References in Chapter s .
       c
                                                        .1) L. A. LUjedahl and J. Strait ; Automatic Tractor Steering,

   Agric. Engng., June, 1962, pp. 332 - 335, 349

2) b4. A• 9rovum ap.d G. Cr Zgerb ; An Automatic Ggidance Systern

   Cor. Farl.g. Tractor, Transacs. ASAE, 1970, pp. S65 - 573, 576

3) R. L. Parish;and C. E. .Goering ; Developing an,Automatic

   SteerÅ}ng System foF a Hydraulic Vehic!e, Trqnsacs. ASAE, 1970,
           -Tt t.t

4) A. P. Julian 7 Design and Performance of a Steering Control

   systern for Agricultural Tractors, J. Agric, Engng• Res.t

   l971t X6 Åq3 )r PP• 323 - 336
5) M.G.R. Warner apd G. O. Harris ; An intrasonic..Guidance

   System for Driverles$ Tractor, J. Agric. Engng. Res.,1972,

6) M. B. Widden and J. R. B!aÅ}r : A New Autornatic Tractor

   Guidance Systern, J. Agric. Engng. Res., i972, l7 ('1')t

   Pp. 10 - 21
7År J. E. Gibson ; Nonlinear llutomatic Control, McGraw-Hill,

   1963, pp. 355 - 372

 8) ]li. N. Shukla, C. E. Goering and C. L. Day ; Effect of [Eractor

   Parameter on Automatic Steering, Transa'cs. ASAEr l970,

   pp.-678 - 681 .
 9) R. L. Parish and C. E. Goering ; Simulation of an AutoTnatic

   Steering System for Hydrostatic Vehicle, Transacs. ASAEr l97Ir

   pp. 450 - 456
 IO)N. Wlener ; Extrapolation, lnterpolation and Smoothing of

    Stationary Ti-rne Series, The bC.r.T. Press, 1966

 ll)J. J. Stoker ; Nonlinear Vibrations in bfiechanical and Electri-



                                                         209

   cal S\stem, X4terscience Publishers, 1950

12)C. M. LudeKe ; Noplingar.P.hengmena, Transacs. ASME, l957-4,

        ttl3)C. M. HarrÅ}s and C. E. Crede ; Shock and Vibration Handbook,

* )N. KawamurarY. Zkedat H. Kuroda and K. Matsushima 1

   Studies of-,the Autpmatic Steering Systerns oC the Head- .
            -t   feeding Type Combine , J. of SAM,Kansai, No. 30 ( 1972 )

   June,. pp.. 58- - 60

**)N. Kawamura, Y. Ikeda and Y. Hayashi ; Studies ot the

                                             .   Automatic. Steering Sy.stems of .the Headrfeedxng Type .

   Combine ( Continued ), J. of SAM, Kansai, No. 34 ( 1973 )

   Jup.e.t,-Hpp. 6.5 p:68, ., ,, .. •.
                                                    .***)Y.- Ikeda and N. Kawarnura ; Studies of the Automatzc

    steering System pf .Combine r J• SIVvr. JapanrVolt3.m5(1974),

    No •.4 , , pp • 368-377

        ,1

              N



                                                         210

ReEerences in Chapter 6

l) R. L. Parish and C. E. Goering ; Simulation of an Automatic

   Steering Systern for a Hydrostatic Vehicle, Transacs. ASAE, l971

   pp. 450 - 454

2) I. I. Vodyanik ; The Mot' ion of a Tracked V'ehicles on DeEormable

   Ground ; J. of Terrarnechan., 1966, SZol.3, No. 1, pp.7 - 11

3) F. A. Opejko 1 !ssledovanie Povorota Gucenitsnogo Sarnokhoda,

   ( in Russian ) ( Study on the Steering of Tracked Vehicie )

   voprosy Sel'skokhozjajstbennoj Mekhanika, 1970, Tom. 18,

4)1 A. V. Marav'dv ; Voprosy Teor.ii Povorota Gusenicn'h- Trele"

   vocnyh Traktorov ( in Russian ) ( Problems of Theories of

   Skidding [Vracked Traetor ), Traktory i Sel'hozmasiny, No. 5,

   l969r PP• 19 '- 21

5) M. Kakikura, K. Sato and )1. Yamaguchi ; On the ControZ of an

   Ihdustrial Robot with Tactile Sensors { in Japanese ),

   Transacs. SXCE, Vol. 7 ( i971 ), No. 1, pp. 31 - 38

* ) N. Kawarnura, Y. !keda, H. Kuroda and K. blatsushiTna;

      Studies of the AutomatÅ}c Steering Systems of the Head-

      feeding Type Combine, J. of SAM, Kapsai, No. 30 ( l972 )

      June, pp. 58 - 60

** ) N. Kawamura , Y. :keda and Y. Hayashi ; Studies of the

      Automatic Steering Systerns of the Head-feeding Type

      Combine ( Continued ), J. of SAM, Kansai, No. 34 ( 1973 )

*** ) Y. Ikeda and N. Kawamura 7 Studies of the Automatic
      Steering Systems of coTnbine , J• SA)1. Japan,Vol.;l5r (l974),

      No.4, pp. 368-377


