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FOREWARD
" “The mechanization of rice harvésﬁing in Japan;had
not been done for long time, because of the small-scale
--and.iﬁtensiVe farming.

Since a combine was‘used tentatively "in 1960 for
the first time in Japan, many attempts:toluselthé combines
in Japanese paddy fields have been made with the purpose
of minimum labor requirement énd'maximumLPerEOrmanCe} M6st
of these combines, ﬁowever}'weré foreign-made ( and “in -
this paper these combines are“éélled“thé;WESﬁefﬁ4tyPé
combines, from now on ), and SOme‘ébmbineS“ma&e“in Japan -
were developed and tried to'ﬁSé.“Wﬁeh these;Weéterh—tyPe'f"'
combines were used to-harvest rice grown in Japan, which -
is usuallyﬁmore difficult to thresh than rice grown in
other countries, the graihilOSSés ('unthrééhed-ahd
damaged grain ) wére'hiéhﬁ“ln'édditionj’most‘dfithese'
foreign—méde combines are too large.('about 3 meter or
more cutting width ) to-use in the Smalijindividual paddy
fields in our country. ‘The attempts to adopt ‘the combines - -
developed in USA and European countries are very :signi-
ficant. On the other hand, considering these:peculiarifies
Df‘rice and fields in Japén; small rice combines ( 0.5
to 1.2 meter cufting'width');were recently investigated
- and manufactured in our country. These small combines
Were called self-feeding { or headéfeeaing ) type combines
in Japan, because these consisted'of‘Japanes Selfefeeding
{ or head—feeding ) thresher whiéh threshed -only the- head
of rice plant fed to the thresher by the chain conveyer,

v



the cutting énd travelling assemblies. A feature of the
-combine of this type is that grain damage and loss are very
low.
PURPOSE AND SCOPE ‘OF STUDY

In thlS paper the characteristics:of power distri--
y_bution and consumption and‘the‘dynamlc-behav1ors-of'the
functional elements of the Westerh—ﬁype’aﬁd héad¥féEding‘
:type*combiﬁes will bé-discussed-and the difference-between
these two types of combines be‘observéd."The“travelling
characterlstlcs of combines such as’ contact pressure
lestrlbutlon pattern and fluctuatlon of travélling torgue
as well as vibration characteristics'of"thé‘smail combines
will be also discussed. The automaﬁic steering system of
the head-feeding type combine and its response paths to
the arfificial and actual input row of rice plant ‘will-be

‘investigated.And, introducing the ‘mathématical model-for.

the combine and using the digital simulation technique,
the applicability of the automatic steering system to the-
actual paddy field and the reliability of the mathematical -
model will be considered. B
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" CHAPTER 1
Introdupfion
""The'histﬁficél’reviews of ‘the studies of'éombing
‘during resent “twenty years are given below.’
“The charactéfistiéé*0f=pOWér reqﬁiféments.ofAeach
functional element of the combine which harvested wheat and' .

)

soybeans were' discussed by D. E. Bu'rroughl . ‘He-used two.
machines- for "the éxpériments,*oneréf which was - self-propelled
and equipped with 8-ft. cutter-bar and the threshing cylinder ---
of the flail -or rub-bar type. Most of his -experiments ‘on this
coimbine were conducted to determine‘tﬁe maximum conditioens
which the .machine would be -expected to encounter. The other-
machine'was'a:pullﬁtypé-combine;.éqﬁipped with an ‘auxiliary
engine and employédfwith-a'rasp—barfcylinder and a 6-ft.
cutter bar. The experiments of this combine wefe conducted to
-determine the change in power requirement with increasing
feedzfate.

The power~feQuirements"ﬁithzincreasing travelling
velocity'bf:four'combinés"éf'pull¥£ype“ahd7a~sélféprOPélled'

X 3J; The combines which™

combine were studied by C.fDolling2
were used for the experiments-were equipped with' 4, 5.5, 7,
6 .and 8 ft. cutter bar, respectively, ahd they harvested
rye.and wheat. He discussed the tractive forces for“the*puli—
type combines and the fluctuations of power requirements: of the
engine -and thé:threshing cylinders . = T W

The threshing and separation characteristics of the
combine were presented by D.‘Frenzelé); He displayed the ‘

relationships betweeéen the header-length and grain’less,



between cylinder speed,and threshing loss as well‘as grain
separation‘ratio, aﬁd betweén concave clearance.and‘the
threshiﬁg‘;oss as well ésrgrgin ratio.

_N; A. Lazebny]j discussed the motion of the grain
on the coﬁbihe sieves). Aécording to his discussion, the
éoﬁaitioﬁs fpr tﬁe g;ain motion on the sieve of the travelling
combiﬁe_ﬁere“dé£erﬁined not only by thelkinematic[facﬁo:{.sieve.
slope?and frictiqn'between gfain énd siéve-surface) but -also
bﬁ ﬁhe-desigh-daté:of combine suspension, eiastiqrcharacteristics
of sieve ;ﬁgpénsioﬁ, fieid proﬁile»and,travelling_velOcity-of
;*—he. machine. | | |
| N. V..filatdv ét al developedlincreasing“grain'sepa—

ration efficiency on the straw sieves)

. He used for the
experiments wiﬁh'separation of ¢ha§f:andmsméll straw, normal
straw sieve of‘ﬁhe-cpmbine SK-4 énd the aqubie—bottqm‘expgri—
mental straw sieve.. | - |

The statistical éharaéte;istiés ofkthé £hFeshing
force of the combine SKf4.were,aisquééédiby iudei{-et»al7).

The discussiohs'pfzthe?statié£ical indicésjféiievaf
;luation,_such as-aniautécorrelation_fﬁnétiop;and power‘séectpai
density function, of the‘combiné operétién wér§ pre;en%ed,by:

A. F. Kononenkos) 9)

.and A. B,_Lurfgret al .‘A. F,_Koppnenko_
reported the normalized autocorrelation functions aﬁdrpower
spectral densities of field profiie,wétrawiiayer tﬁickﬁess énd
threshing torque. A. B. Lur’e et al reported the above-mention-
ed functions Qf;thé fluctuations of the poﬁer_reéui#émeﬁt,
'planting density and crop field profile. ., | - '

The rice combines with the wide threshing cylinder (



3
width of 1280 mm and. 972 mm, respectively ) were reported byfé{
ﬁndirbaele). o o ” '

In Japan, %ﬁefexpérimehﬁs of a trially manufactured
_rice combihé-Weré‘cOnduétéd; the functions of élements of the
CEmbiﬁéLwere-obéervéd'aﬂa discussed by‘i; Yokoyaﬁgféf alll};
They‘refealéd'fhe threshing and séﬁarating‘éhafacﬁéfistics;
and méasured'tﬁé'pdwer requirement for threshing and operating
’ -efficiency--.‘in'vfhe field.

"“For;a:small heéaér‘coﬁbiné:which ha&%a rotating'disc
cutter and cut-only-therhééd of riée:plant'and cénVéyed‘it-
pneumatically, power requirements aﬁd'gréihlsépération"‘”
characteristics were discussed b§ S. Umeda et allZ)' 13).

fhe ekperiments dffthéJWesteantyPeLémall riCé’cdmbiné
which was equipped a 2.3”metér'cuttervbar‘éna{the threshing
chinder of 73 cm-ﬁidth were"conductéd“fdf ﬁarVééting“fice by

14), ls).“Théy reported the power requirements

N. Kawamqra et.al
of the functional elements and the dynamic characteristics of
the torques. The similaf'eXPeriménts-éf'ﬁhe‘WéSEefﬁ;type-riée'.
combine which was equipped a 1.3 meter cutter bar and the
.threshing cylinder ‘of 67 cm width Weferédnduétédmfor'HarvéStiﬁg
rice and barley by H. Ezaki et a1l®), Thewaeﬁdrted‘thévprEr
réqﬁirements of”the,functiona;ieleménts of the conibine ‘and the
K statistiqai‘éhéractéristics'of the_fluctuatihg-torqué'of'the
‘threshing cylinder.‘

For head-feeding type thresher, the power requirements
of each functidnal'eiement and the statistical characteristics

of the fluctﬁating torques of the elements were diséuésed”by

17),-18)

N. Kawamura et al.



4
. For the head-feeding type combines, the similar studies
as the above-mentioned thresher were conducted by N. Xawamura

20
et a‘1‘_1__1:9) Y

and by H. Ezakl et al
About the travelllng performancesvof the agricultural
machinery, there are many papers,;andNthe'?ower requirements
of the comhines_for travelling were discussed inrthe,ahove—
mentioned reterences. o

‘ The pressure dlstrlbutlon patterns under a track—

- laying vehicle and the forces on the shoes were dlscussed by

21) 22) and A. I Brusencev 3).

I. F. Reed ,.A P Soflyan-et al
However, they were about the track- type tractors upon whlcn
the traction or propuls;on ﬁorces,acted.

N. Kawamnra_et al stndied the pressure distribution
patterns under the track- type small rice comblne on the
paddy fleldSlS)' 19)._Y. Yasudanet al also d;scussed the
pressure distribution patterns . under the track type comblne

on.sand24)

. They determined the pressure;dlstrlbutlon pattern
theoreticalty and confirmed experimentally_nsing soil pressure
transducers buried in sand o - | |

Many studies of v1bratlon of . agrlcnltural ﬁachlnery
were conducted and W. Sbnne dlsplayed the statlstlcal method
for Vlbratlon analysis of agrlculturalvmachlnery and discussed
the vibration characteristics of the tractor25). On vibratin
of combine, Ju. V. Grin’kov discussed the influence of the
operation of the functional elements to vibration of the
combine SK-4 ang isolation of vibrationZG). For the Western-

type small rice combine, the vibration characterictics were °

discussed in connection with the fluctuation of the travelling



15). L. M. GroSev discussed the

torgue by N. Kawamura et al
‘random v1bratlon of combine under operatlon and obtalned the
correlatlon functlons and power spectral den51t1es of- the
“:road and field profiles and the acceleration of the frame

on the steering axle of the combine SK-4, and the change in -
.rootimean equare’deviation'with the cohbiﬁe’velbcity27)

_For the head feedlng type comblne, the v1bratlon characte—“;
' rlSthS were -studied by N. Kawamura et allg) |
| ‘The .automatic steerlng system for the “tractor’ was
reported by L.-A. Llljedahl et al 8), M. A. Gravum etlalzg)

30) , AT Jullan3l)

33)-

Lal. N. Shukla et al
32)

M. G;*R.‘Warner

et al and M. B. Widden et al>>)’ ‘Many methodsffor'dEtect-.
ing the input'and‘autOmatiE'steeriﬁg‘éyStem;ﬁeréegiveﬁiin”
these papers. R. L. Parish et élﬂe;perimented the automatic
steerihg system of the windrower with hydro-static trans-
missions>?! ang discﬁséed“the*traCkihg accuracy by means of
the experiments and digital7eiﬁu1atien"teéhniqueSBS).“For
the head-feeding'tjpe.small;rice;cembihe, the exbeniﬁeﬁts
and digital-simulation  of the ‘auntomatic steerlng system
were conducted by N. Kawamura et- al36) 37).438) ,39) and -

by Y. Yasuda et al40)



CHAPTER 2 -
‘power Distribution Characteristics 6f the Individual
Functional Element of the Combine
2-1 Power Distribution of the Western-type Small Rice Combine*
‘Because a combine has cuttlng, ‘threshing, - conveylng,
separating, cleanlng and travelllng functlons at the same
tlme, its power transmrssron system is very compllcated So,
it . is necessary for the future lmprovement to: make clear the -
characteristics of the torque at each element and the power
dlstrlbutron to each element.i S
In Europe and America, for the combines used to
harvest WHeat” barley,‘rye and soybean thelr powervrequlre—
ments of the functlonal elements had been measured and their

characteristics ‘had been discussedl)f 2) 3).

In Japan,
however[‘the characteristrcs}of the'tordues and the power
distribution of a half—tracked comhine,for;harvesting‘rice
plant had not yet been measured and discussed

Some experlments were conducted w1th a Western type
small rice combine manufactured in Japan whlch had spike-
tooth.threshing‘cylinder and concave for threshing rice and
of which travelllng device Wwas full tracked And ‘the torques
as well as rotatlng speeds of 1ts main functlonal elements
were measured under some different operatlng conditions.
Namely, for.the records of the torgues obtained under .each
operating condition, their average values were‘measured and
the relationships between the operating conditiens-and

‘average power requirements were discusséd. - - S .



2--1-1 Principal-Bescription‘offthe'Experiﬁents
The principal specifications of the combine used for

the experimeﬂée?éfefgiﬁéﬁhiﬁ"feble'2—1.

‘Table 2~ 1 Spec1f1catlons of Experlmented Comblne
Type of cOmblnef““j?'*”Full tracked and Self- propelled Small
‘ s o -Rice Combine -

‘Engiﬁe ‘ -f;Water cooled Gasollne anlne w1th Four

. . Cyllnders
Rated‘Power . o 35 PS / 2100 rpm . "
Maxiimum Power 1‘j n‘“‘ﬁ7"mW'f"40 PS / 2100 rpm
CuttingVDevice '1_{§e§io;ooating Cutter Bar
Frequeney c 7 < a00-cpm - -
stroke oo T 75 m
Threshing Device = l' ‘Spike~tooth’Cylinder and Concave
| , Variable- speed V-belt. Drlve,
Cylinder width ';'_” l;‘ :f 730 mm .
Cylinder Diameter “e,rfl‘. :540 rm
Cylinder Speed h 700 - '1000 rpm
Concave Width ',L‘ﬂ‘“'- 725 mm
Concave Clearance ) 3 —“ 25 mm-
Travelling Device Varlable speed V-belt Drive-
' Forward ' ,lst 0 2068 - 0.416 m/sec
.2nd 0.398 - 0.796"m/sec
, _A ) .3rd 0:860:— 1.600 m/sec’
Reverse 3;_w;“ﬁ"“'1“d_‘;0v346 - 0.692 m/sec
Tare S e 4200 kg'":}ﬁ. B
Contact aree under- - ~ - . 2.00 x 104 cm? -
Track c _' o
Average Value of   7j o 0.21 Xg,/cm®

Ground Contact

Pressure:

The power transmission system of this combine is

shown .in Fig. 2-1. The engine power was transmitted with V-

belts and pulleys to the thréshing cylinder, trévellihg
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The variable-speed V-belts were used—between,the“¢§}inder
beater -.and the threshing cylinder as well as the travelling
shaft and ‘the gear box. input shaft_forchangingytravellingi
speed~stepléssiyﬁThe latter variable V-bkelt transmission device
could be adjusted by the operator on the combine. |
| 'The -elements of which torqueS'werermgasgquuate;shown

in'fhisvfigure ﬁith.st symbols, that is,the torques and
rotating speeds of (l)'the engine, (2) threshinglcylinder:A-
shaft, (3)'travelling’éhaft-and,(4),the_b¢n@ing_;#;qin qf.the'
bell crank driving the cutter bariand (5)'§he_tp;si§nal,fqrgé
of the whéel shéft-of the worm gear-box for_adjusting.cbncéve
clearance. This torsional_forcé.was;produced by the force which
was transmitted to the concave through thejthrgshed.§traw$mby
the spike-teeth of the cylinder and Variedlmost~£apid;y‘and;
accura#81Y‘with change in rice flow rate hetween thg_cylinder
and concave, although the change in the cylinder.torque was
affected by the mass moment of inertia of the threshing cylinder.

‘The elemepts of which rotatinggspeeds were measured
‘are shown in this figure with 0’s symbols, that is, besides.
the abqvemmentioned elements the rotating speeds. of the cylinder
ﬂbeater, fan, reel and straw rack were measurea. B |

The higher. rotating speeds were measured with cutting
a magnetic field and the lower speeds, for example, speeds of
reel, straw rack and the drum for measuring the travelling
velocity, were measured with cut—off of the microswitches,i

The travelling velocity was measured as follows. 2
rotating drum, on which the nylon thread was wound,_was.fixed .

on the experimented combine. When the end of this thread was



10
fixed on the ground, then this drum was rotated at the speed
proportional to the travelling velocity of the combine

‘harvesting rice plant. In this experiment this rotational

: -speed was recorded

7 The experlments were conducted on October 20 th to
p23rd 1965 at the. eastrfclalmedland of the lake of Biwa-ko-
~and nelghborlng flelds. The experlmental condltlons are
shown:rn'TaDle 2-2.'The'vanlable'parameters of ~the experi-
' ment ﬁerelvariety of rice plant, travelling veloclty and
cdtter-bar-heiéht and cutting width. The concave clearance
‘was adjusted to the optiﬁum conditions and;keptzalmost
constant during all‘the experiments.

| The torques recorded as time functlons were fluc—
‘tuated by the various factors-ﬂThe characterlstlcs of these
‘fluctuating torques were discussed with the techniques as
follows. In order to find the relationships between the
operatiné conditions and the average values of the torques,
the mean values of therfldctpatlngutorgnesdwerewtaken. By
this method; the relationships. between the operating condi—'
tions ( espe01ally, feed rates of paddy and/or straw ) and
the average power requlrements of the functronal elements
of the combine could be found, but the characterlstlcs:Such
as amplitude and frequency distributions:of tne,torques”
which fluctuated_with time bylthe other than operating
conditions could not be-found.rThese‘dynamic characteristicsp
of the fluctuating torqnes of thé functional elements of thei

Western-type combine will be discussed in CHAPTER 3.
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2-1-2 Experimental Results and Their Discussions
a) Operating Performances
| _J,The.opergting_performances were measured for Test 1,
2, 3 and 7, and the resglts‘a;e-shown_ip‘Table 2-3t

Table 2-3 Operating Performances

Test No. o 1 - 2 3 7
Rate of Net Yield { %) *95.5  85.9 90.5 80.0

of Grain
Speéifications of « |

Losses . .
Header LoSs — (2) { 0.1 0.1 _O.l 0.1
Cylinder Loss N %) : 21 33 gl 12.7
Free Seed Over Rack ( %) 2.1 -10.0 7.0 5.5
Free Seed Over Chaffer ( % ) ) »O.ZHA 0.7 0.2 1.7
_ Sieve , _

Total loss () 4.5 14.1 9.5  20.0

The total losses in-Teéﬁg.éiéﬂé,éiﬁéfé;iAfgéf‘than the other
tests, this was due to many separating loss{ the grain lost
out the rear of the combine in the'form of threshed grain ),
the ratios of which were 10.0 and 7:0 percent, respective-
ly. Besides, theée high¢?”}osses might!be due . to insuffi-
cient adjustment of the threshing'eiement and the errors of
measurement. In Test 7, rice plant was perféctly lodged and
therefore grain losses ‘increased. The greater parts of these
losses were cylinder loss - ( un—-threshed grain ) of 12.7 per-
cent and separating loss of 5.5 percent. According to yield
test per unit area at Test 7, unripened grains were 16.0

percent, therefore thresliing was difficult and un-threshed
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grains incresed.

b } Power Distrbutions to the Functional Elements and

Their Pewer Requirements

As shown in Fig. 2-2, thé_;brque of the threshing

— One Rev.

20 ~  Engine Torque

k= Onie Rev.

.‘-u- A‘A MPasngr? )

vy

Travelling Torgue

Torque (Kg-m)

— sz.._e Rev‘T )

Threshing'Cylinder Togqué-

‘ 0.
e sig'

~Concave Reaction Torque

Fig. 2-2 Cscillogram Trace in.Test 3

elements of the combine fluctuated with time as the same
manner as the fluctuation in the force of the concave from
the cylinder. This phenomenon was due to the uneven flow of

rice which was. fed into the threshing device. The power
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distributions to each functional element were discussed with
régard to this”fluctuationrin rice flowf'The average torques
and rotating speeds of the elements qorresponding to the
interval of the increased and decreased concave forces in

such a length as shown:rn Fig. 2*2 were, meaénred from oscil-
logram charts and averaged powers were calculated as shown

in Fig. 2-3. The rlght column for each test represents the
average power reguirement of each element when the concave
force 1ncreased -and the left column when decreased; respec-
tively. The whole area of each;column is proportional to the
engine power. The broken lines represent the feed rate of
rice plant ( kg/min_), from whdch the average power require—
ments of combine were closelvlrelated;wdth‘the;teed rate of
rice plant.:Furthermore, the,followingsuweremconc;udedv

i ) The average power of the englne 1n each experlment varled
from 13.5 to 26.5 according to the feed rate of rice plant.
Espe01ally, the power requlrements of the threshlng cyllnder
were closely related to the feed rate, that 15, the power was
2 to 9 PS ( 4 7 PS on the average ) when the feed rate was

49 kg/mln,‘and 7 to 16 PS { ll 6 PS on the average ) when the
feed rate was 85.1 kg/mln. Accordlng to Burroughl), for the
similar operatlng eff1c1ency as Test 4 ( feed rate of 33.6
kg/mln ) the power requlrement of the threshlng cyllnder of
the combine, which had a rasp- bar cyllnder and harvested
Wheats and soy- beans, were 4.1 and 6.0 PS, respectlvely.

The relatlons between the feed rate and average
threshing power are shown in Fig. 2-4. In this figure, A and

B represent the relations between the power and the feed
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rate of grain and straw, respectiveély. And C repr95ent$'the
relation between the power and the “total -feed rate of drain
and straw. In Test 5, the extra values of the threshing
powers were obtained because the cutting heiqght was higher
than others by 20 cm.

ii ) In our experiments, the ratio of the aﬁéraéétPOWér of the
cylinder to the average power of: the engine was 34.8 percent in
Tééf 4,:43;8 percent in Test 3 and 27;92bercént'in‘Test 7. And
the range of thékvaryihg*rétios of Ehé>powers'of"the ¢ylinder
were from 14 to 60, 25.4 to 60 and-15.§ to 36.6‘percént, respec-
tivelyg-ACéording to Burfoﬁghl), for hérvesting wheats at the
straw feed rate of 33.6 kg/miﬁ the ratio of the cylinder ‘power
45.5 perCeﬁt, and éccording"td'Kanafojski4) it was 28 ?ercent‘
for a Sélf—prcpelléd combine ‘with a rasp-bar cylinder harvesting
whéats'at thé £ta§éiiin§ vélOcity:Gf'l;ZS m/sec and the feed

rate of 138 kg/min.
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The combine used by Burrough, however, was a pull-
type and had an auxiliary engine for.trayelling, therefore
the travelling power was not cgnsidered~inlcalculatiné_power
distributions. -In the final-analysis, it was.found that the
ratio of the cylinder power was much greater for harvesting
rice plant than for harvesting wheat. It is remarkable
characteristics of the rice combine especially used to .
harvest the variety Japonica rice that the power reguire-
ment of the threshing cylinder is very. great.
iii ) During‘everygexperiments,1thencuttingﬁpowe;.did not. change
so much and their wvalues weréjﬁgt greater than 1:PS..In harvest-
ing wheat, they were.about 1 PS according.tO'Burrcugh;).
‘Therefore,“so'far as the cutting- power there was not great:
Aifference.between rice and wheats.-
iv } It owed to. the very low travelling velocities of 0.19 to
0.32 m/sec that the average travelling powers of the full-tracked
combine were low, of 4 to 8 PS. It is very difficult to run
faster than these velocities in Japanese rice field, because of
the large feed rate of rice, and high moisture content of straw
and grain. And their ratios to the average powers of the engine
were low, that is, their values were 19 -percent in Test 1 and
22.6 percent in Test 3, respectively. It had been also reported
by Ranafojski that the ra£io of the travelling powér to the .
engine power of a wheel-type combine was 42 percent. This high
pPercentage, however, might be.due to the high travelling

velocity ( about 1.25 m/sec } of this combine.
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2-2 Power Distribution of the Self-feeding Type Thresher#**

The small combine of self-feeding (or head-feeding)
type thresher is constructed with mounting the 'head-feeding
thresher used in Japan to the small combine frame with the -
cutting, conveying and travelling devices. Because this type
of combine threshes only the head fed 1nto the threshing
elements, it is of small 51ze, light weight, low price and
good operating performance to rice plant in Japan, then it
may be suitable for the Japanese agrlcultural pursuits.

The functlon -of-- the head feeding type thresher has
been reported by Sh021 et al. s%negrder to make clear the
function of each element of the small combine with head-
feeding tvpe thresher, the power requirements of the elements
of this type‘eflﬁhreeher were measured and in this section
the characterieticseof the load at the elements due to the
‘change in the feeding mode, feed rate and moisture content
were discussed. |
2~2-1 Principal Description of the Experiments

To drive the experimented thresher at constant velo-
city, the induction motor which had ample power 10 PS was used.
In Fig.2-~5 the schematic diagram of the power transmission
System of the experimentedfthresher'is shown. Power was
transmitted with the V-belts to each element, except the feed . .
chain conveyer which restrained straw and fed it parallel to-
the cylinder axis was driven with the worm and worm gear
through the threshing cylinder shaft.

The shafts of which torques were measured are shown in this

z
-

figure with 0’'symbols ang the shafts of which rotating speeds
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were medsured are shown with X’s:symbols.
-In order to find the relative ‘position of the binded
sheaf fed to the eylinder, . the:displacements of the plates
which pressed the sheaf-under-the chain conveyer were record-

ed on the oseillograph.
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The 'stational head-feeding thresher is originally desi-
gned for threshing the binded dried rice intermittently, but by
the small combine it threshes green rice continuously. Then the
experiments were produced to find the differences of the respon-
Seés of the thresher:due to these various feeding modes and rice‘

conditions. The variables of the experiments were the moisture
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contents. of rice, sizes-cof sheaves, feeding mode and rotat-

ing speeds of the threshing cyllnder These: experimental

ycondltlons are tabulated as follow
- Green Rice (just after reaplng)

;i) molsture Content
i Dried gice (fer one wéékj'”r

Small ‘ 1.0 kg*

2) Size of one sheaf Standard 1:5 kg*

Large 2 0 kg

Oneaneaf(BO cm interval)

Threshing Bindedgsheaf**'

* k%

\ h 40 o
3) Feeding Mode Twe 5 eavee(, cm . )
41.5 kg/80cm
.ThreshingﬁContinuously“
1.5 kg/40cm
Low 520 rpm . 710 m/min(circumferential
speed)
4) Speed of Cylinder —Standard-590 rpm. 810 m/min{ .- < )
‘High - ..660 rpm -910-m/min{( - )
///Low' 7 - 0.22 m/sec
5) Feeding Speed
High -0.30 m/min

* These weights of one-sheaf were measured just after reaping

and those cof;dried are shown in Takle 2-4.
*¥* The sige of one-sheaf Was1standard.
*** The width of the threshing cylinder was about 53 cm.
In Table 2-4, the conditions of the rice used for
experiments are shown.. . .

The methods'of-feeding rice plant are as follows.
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‘paple 2-4 Conditions of Rice.

Vari'ety of Rice NAKATE~-SEIN~-SENBON
Plant Height -~ (Em)- 186.7
Length of Panicle’ .(cm)- 19.7
Moisture Content of Rice. :
and Green Dried
Grain-straw Ratio. S
-  Straw. 1.3 34.5.
Moisture Content
: (%) | .Grain .24.0: 15.9 -
Grain-straw Ratio .- 33.5 .. 43.5.
Size of One-sheaf: Small Standard Large
_Weight of One-sheaf| Green| 1.0 1.5 . . 2.0
{keY) Dried | . 0.57 0.85 1.13
Diameter of Green 8.8 11.1 - 12.8
Onemsheaf(cm)_ Dried 8.1 9.7 11.0

When the binded sheaf was threshed, in order to keep

the distance‘between,each sheaf, the straws near the roots

were fixed by two iron holding-bars. For threshing with =

continuous. feeding, 1.5 kg of rice plant was distributed

uniformly and fixed in each 80 cm or 40 cm distance on above-

mentioned,ho;ding—bars. Thus, .this feeding mode was similar

to the feeding mode of the small combine with the headffeeding

type thresherﬁ_The‘tQtal;feed rate corresponding feeding one-

sheaf of 1.5 kg at speeds of 220 mm/sec and 300 mm/sec were

Corresponding to 49.5 kg/min and 67.5 kg/min (16.6 kg/min .and

%236Jkg/min calculated in terms of rough rice weight, grain-

Straw ratio was 1:2), respectively. The ordinary feed rate of

?he small rice combine with the head-feeding type thresher is
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about 30 kg/min and that of the head-feeding thresher is
abQutk35 - 50 kg/min. |
é—Z—Z.Experimenta;,Results and,gheirrpi%gpgsipns
a) -Operating Performances.

- The ngrat}ng’performances.of the thresher were fairly
superior. .in $;ble 2e5-thq_cleapinglpe:fg;manCeghof_;he_th;esh—
er.gt,fing grain\outlet for,va:iQus speeds of the cylinder are

shown,_As,theﬁspegd‘increaged, mixing of straw and unripened

Table 2-5 UnripenedGrain and Straw Contents in Fine Grain

» " Outlet
Cylindef Spg;a :(+rpm ) ) - - 5207 .590‘ .660
Ratios of Un?ipénéd Grain ‘Giegnm | 72.61;;1.6 1.2
and Strawt (Q ) | Dpriea - | 172711 0

* At the grain outlet
grain iﬁ;fine grain decreased. The husked,gﬁains whichﬁ%eré dam-

aged by fhreshing,were merely fqundﬁét‘ﬁighér sPeed;fﬁﬁt-not

found at3stapdérd andiiower speeéé;.n:
b).Distribution of‘ﬁiév90wer to:chﬂiﬁlémeng and Ité'chéhge
due t? the‘Yafiaus}Feeding Mddé ; | |

 In drée; to imp;ove thé;bperating performances of the
combine,?it ﬁéy'bévuseful to fiﬁd the power ;equireﬁents at each
element of the head*feeding'thresher. Especially, to control thg
combine automatically, it is necessary to study the smoothed
wave form of the fluctuéting torgue to identify the input charac-
teristics. The power requixeménﬁs-df the main elements and the
change in povier ;equiremenﬁé dué to the.feeding mode are as foll-

OWS. For continuous feeding, the smoothed torgue at the cylinder,

did . s
not fluctuate so much. For threshing the binded sheaf,
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however, the smoothed torque changed accordlng to the relatlve

p051tlon of the sheaf to the threshlng cyllnder. Therefore

the average torque of the cyllnder was calculated in the 1nter-

valwhere-the torque was relatlvely large and constant In Flg.

2~6, the power requlrements of each element for threshing

the blnded green—sheaf are shown. The average torques were

calculated from the freouency dlstrlbutlon curves of the fluc-

tuatlnc torgue osc1llograms.
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These figunes show the relations between the power
requirements and the weights of one—sheaf for three dlfferent
speeds of the dr1v1ng counter shaft The power of the conveyer
was given w1th the sum.of the powers of the chaln conveyer
and augers, because these powers were small“
i ) Threshing of the binded green sheaf

| TheAtotal power requirements depended mainly’upon the

power.requirements of the threshing cylinder and the 1ost
power was relatively large. The results are concluded as follows.

There was not a large dlfference of the power require-
ments of the threshing. cylinder between the standard and hlgh
speeds. But for the lower speed the power decreased rairlya
. As thejweight of_the‘sheaf‘increased, the power require—
nents of the threshing cylinder’increased.However, the powers
of the auxiliary cylinder._grainfan,:conveyersgand.chaff disbos_
ing fan were almost constant. lhis might‘resultrfrom that the
grain did,not flow so much because’of the low feed rate_like
binded one~sheaf. - o o * k

The threshing power amonnted to 60 percent oF the total
power requirement but the power of other elements were fairly
Low, Espec1ally, the conveying power was very low because of the
_1ow speed and low feed rate. .

The power requirements,ofggrain,fan did not depend
upon the weight‘of‘theAsheaf andfit increased as the speed
inoreased. : , I . R ,

The power loss showed the high percentage. Especially,
it showed the’ very large value and amounted 'tO l PS ( 40

bercent of the total power requirement ). This might result
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from the complicated power transmission system with many V-belts.
Furthermorerthls:might‘oecur because the diameter of the pulley
of the prlme mower was S0 small that the slip occured between
the V- belt and pulley. But, -as the weight of the'blnded sheaf
was 1ncreased the power loss decreased ThlS phenomena mlght
result from the increase of the wedge actlon due to the hlgh -
ten51on-of the V—belt which occured with the increase ofrthe;;h
load. These hlgh values of the lost powers-could noehefdlsreﬁ'd
garded from the p01nt of view of effectlveiutilizatlon:of the:}
.englne power. "For~ the comblne, espe51ally,hthe power transmissioﬁ'
may be: more compllcated SO the‘power‘lossimay increasef:There—
fore, the_effectlve power transmisslon system must?be studied..
ii) Threshing of the binded dried sheaf

| - The power reqnirements'of each element of the thresher -
for the similar feeding mode'of'the binded dried sheaf as green
sheaf are shown in Fig.2-7.

From these figures: the following results were obtain-
ed. -

.For the dried sheaf the total power requirements were
lower than for the green, and the max1mum dlfference of tbe power
between the green and dried was l 8 PS ThlS shows that 1t was
ea51er to thresh the drled than the green.

| The power reou1rements of the threshing cvlindervwere
half of those for the green sheaf and the maximum value of them
was about 1 6 PS ' | N |

The powers of thewgrain fan, convejers and chaffudisé
- POsing fan showed the hlgher ratio for the threshlng power

- than for the green rice. This might result from that the flow
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Fig. 2-7 Dover Requlrements of the Head feedlng Thresher for

Feeding One-sheaﬁ Dried for one week

rate to.the conveyer increased because of easy thresh of thé
d;igd,rice .and;,SPe?d?~°f;fan did not so decrease as for the
green rice., . ”
iii_).Threshinghof the two sheavgs_at interval of 40 cm and
Qontiﬁgously - |

Jp;g; gfs‘shows fhe relationships_betweenrthe_power
requirgmentS_Of,the elements and the‘épegd§ for threshing
two shegvesla?‘inteival_of,4g cm and for‘threshing’COnfinu—

9“51ynwith‘feed rate of 1.5 kg/40 cm. For these :
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twec cases, the feed rate of rice plant were equal and 40kg/min,
theérefore these experiments might be appropriate for the experi-
ment which was produced to simulate the response of the combine
with the head-feeding thresher.
2ithough the feed rate of rice for these two diffe-

rent feeding mode weré equal, the power requirement for conti-
nuous feeding was fairly lower than for threshung two-sheaves.
The power reguirement of the threshing cylinder for continuous
threshing was less than for threshing binded sheaves by 1.2 PS
‘at méximuﬁ{equivalent to 30 percent). This shows that the powver

requirement of the combine mav incréase if the disceontinuous
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feed occurs. Such discontinuous feed may be avoided by means of
the ‘automatic control of the feeding or travelling speed of the
combine.

The power requirements 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 decreaées of the speeds and the
clogging of the straw were a little.

The speeds of the prime mover were not scarcely dec-
reased ( about 0.8 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 fairly large.
For threshing binded two-sheaves, when the diameter of the pulley
was small, the power loss reached to 0.8 PS ( this was equivalent
to 26 percent of the total power requirement ). The power loss
might océur also because the ineffective work such as accele-
ration of the elements of the thresher, which resulted from the
great changes‘of the speeds of the threshing cylinder due to the
discontinuous feeding by the binded sheaves and the transporta-
tion time lag of thé load torque, wefe done and the transmission

losses with acceleration and deceleration wére great. On the

other hand, for feeding coﬁtinuously, the changes of the speeds

Of the elements were small, then the power loss was lower.

¢'" ) Changes in the Power Requirements due to the Feed Rate and
Moisture Gontent

1) The relations between the power requirements and the feed rate

For feeding continuously, the feed rate of rice was
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varied with changing the speed of the chain conveyer. The changes

in the power reguirement-of the threshing cylinder due to the.

change in the feed rate in this case are shown in Fig.2-9, with
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the moisture contents and the speeds as the parameters. In this
figure, however, the feed rate for the dried rice was.convert-
ed into that for the green rice.

. From this figure, it,was,found that thgmayeragevppwer
requirements were proportional to the feed rateqﬁfThisﬂwas
different from the case of the Western-type small rice
combine, for which the power increased more rapidly with the
increase:of~the»feed rateﬁwThelreaéon for this. difference might
result‘ffom‘%he'difference of “the feeding method, that is, for
the small combine with the hééd:feedingﬁtyﬁéwﬁhrééﬁér 6ﬁlyithe
paﬁiclef§assed.through*thé'éhreshing element and wvas thfeshed,
on the other hand-fér the Western-type combine the éﬁtire of
rice plaﬁt paSQed through it.

;in order toin@%eﬁﬁexthe operating pe;forﬁancesfof the
combine,fit might 5é necessary either to.speéd up thé;qhain
conveyer or tojthickén the.iEYer of the fi¢e3piant fed into
the threg?%pg.e%émeﬁt.”The latter might ?e possible within the
cértainvlimithhen the threshing teeth-Were made longer or
higher. In the case of the former, thelcircumferential speed
of the threshing c¢ylinder was limited and it would be nece-
ssary toresearch-the pitches and arrangements of the threshing
teeth in accofdéﬁce‘With the speed-up of the chain conveyer.
Controlling the uniform feed rate might be possibkble with the
Speed-up of -the eylinder or chain conveyer, but in the case
of the former, the power reguirement increased as mentioned

above.

ii ) The relations of the power requirements to the moisture

.content, weight of the sheaf and the rotating speed
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For threshlng blnded -one-sheaf, the dependence of the
power requlrements upon the rotatlng sPeed of the threshlng
cyllnder and the welgnt of blnded one-sheaf 1n the case where as
parameters the welght of the sheaf and the cyllnder speed were
taken are shown in Flg 2- 10 ( a ) and ( b ), respectlvely.

Feedlnc Blnded One sheaf
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Green ﬂrled Greenr_‘ Dried Speed
—_— 2. Okc-—o——l 13kg X—— ——X—— iowver
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= =0—— 1.0kg—~0O—=~~0.57kg——0—— ——D—— Eigher
(}‘j - i
n‘.
M
e
.0 : ‘ o
o
e 0 ‘0’/f _o—=20
0 T
= o o
& R ﬂ
0.0 | I | L. i J_
5000 © 0 600 1.0 1.5 2.0 Green
_ i
0.57 0.85 1.13 Dried
Cylinder Speed (rpm) - - meicht of One-sheaf (kg)

Fig. 2-10 Variations of Tuareshing Power with ( & ) cylinder

‘Speed-and { » ) ‘Moisture Content of Rice

The ratlo of the change in the average power regulrement

_ for threshlng green rice to the cyllnder speed was greater than
that for the drled rice ( Fig. 2-10 ( a ) )

o The 1nfluence of the welght of the sheaf for the green

| rice to the power requlrement was greater than that for the
drled R ' o
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2-3 Power Dlstrlbutlon of the Head -feeding Type Small Rice

COmblne***
Rice has beén harvested in Japan mainly with hand
ciékle and threshed with stationary thresher, so called head-
feeding of self-feeding type, and Westerh—fyﬁe:eoﬁﬁine
threéhér'was-seldom édéepted. Nowadays,'approximatelij3.2
ﬁiilibn Stationery threSheis are in use ih Jépen. For the
labour saving and Full mechahization in rice cultivation,
ordinery;éombine used in USA and Europe has been introduced
bnly for £fialsféince'19607in¥35§ah, howeﬁef:they'wefe:found
to be too large in size and BeevY"for‘emaiixpéday'field and
its grain loss waS'ﬁighef than “expected. A small-sized and
light-weight combine with lower'graihvlbss is, therefore,
éeéifable'fer the JapaﬁeSe field conditions. |
‘Head-feeding type combine (Jidatsu combine) is a
Smeli combine thresher of Jépenése tyﬁé; which is-EOnete
ructed with the traditional ﬁeadefeedihg‘type power thresher,
meunted“on:the‘fréme together with components of transport-
iﬁg; chting“éﬁaatraveiiing. There are £wo types, namely
walking:tyPe'andlfiding"type.VMaiﬂ construction of these
Combines ere:és'feIlGWé ( Fig.2=11 )= the cutting device is
6rdinary'reciprocating cutter bar of 50 em width for two rows.
The pick-up tine instead of the reel is used to pick ﬁp |
lbdQEd-cfoﬁs To convey “the crop to the thresher, lifting
and transportlng chain conveyer are used, which convey
not Only straW'witHdﬁt'distUIbing theé head and straw, but

also Chanéethe:position'of'étraw to horizontal movement
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.-réady for feeding into the ‘cylinder.

Head-feeding type thresher is an axial flow type
thresher, of which feeding chain conveyer parallel to the
cylinder axis constrains the lower.part of straw .and- conveys
straw in 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 ordinary inverted V-shaped
steel wire. The cléaning device is the oscillating sieve with
suction fan or a winnower. |

These combines heve following.adVantages; power

consumption is low and the size of cleaning device is smaller

and its working mechanism is 51mpler, because the maln part
of straw does not pass through the threshlng part Ordinary
graln loss of these combines is less than 3.5 %, damaged
grain 231 % and straw mlxed in graln 1.5 3% respectiveiy.
Ordinary combine with 1.5 m cutting width has in rice harvest-
1ng 5.2 % grein loss,'3.5 % dameged grain‘ahd 3 0 % straw
mlxed in graln, respectlvely On the contrary, if the size
of combine becomes large, thickness of straw becomes excess-
ively thick toxfhreshﬁthe head ené‘tb“éonvey the straw. The
capacity‘of coﬁbihe is; thefefbre;'limited under 1 to 1.5 m
cutting width.‘ ‘ - |

" Rice combine has ordinary track-shoes covered with
Fhiek rubber‘unaer 0.2'kg/cm2 ground contact pressure to make
iﬁ enable to tféﬁelVOVeE soft paddy fieid, And alsc the endless
Fraek shbuld'be:used. The headéfeedihé'tYpe' o combine

may be assumed to have a different ﬁower consumption characte-
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ristics-frém-ordinary combine.: Therefore, it is necesSary to

requirements-and the.pOwer distribution-pattern of the individ?
ual component of the Sma117rice combirne for the design and
further improvement of the: machine.

Side Clutch Lever

Ctulchlaver
5 for Cutter,Conveyor ond Thi-gsher
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Iransmissipn.t

1 Feed C"'x::"'r’
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1 Laver -ec';zéoca ing
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rmeG.ramSEIen’Convgyor Hi ”zg tal Cufzc-: Bar : !

Loter 7 d!Ef'Sﬂocf' /lbsorber Feed Chairr .

Flg.:2 -11 Sectlonal Vlew of the Head Feedlng Combine

. 2-3=1 Pr1nc1pal Descrlptlon of ‘the Experlments

Two of small 51zed rlce comblne of head feedlng type

o

were SuPplled by dlfferent manufacturers for the experlmentsand

here in thlS paper called the comblne B and the comblne B.

These comblnes were mounted w1th endless track
as its travelllng dev1ce ln order to decrease the ground -
contact preassure. The "combine A was a walklng type, while the

combine B was a riding type. The prlnc1pal spec1flcatlons of

~the combines used for the experlments are shown in

Table 24§¢,'The power ‘transmission systems of theése combines

(3Fe.shown in Fig.2-12. For both ¢ombines, the power was trans-

iy
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mable 2-6 Specifications. of the. Experimented Combine. ..

i »\ppeﬁahon B E ) Combme A. ”"'\Cmifbine B
T “ c:ghi, 380kg | 700 l.g
’ Oper:ﬁ‘ér Walking Rldmg
Turnipg -mode-- ;- + - Left-honded . - TRighthanded ...
}-'ing‘iner- Ait cooled CAir cooled
“Ong: eylinder e One (-\]mder
4(:\c1e . T 4¢\de o
Raied power. . - 7.0hpf1600 rpm 6. ahp 1600 TPm
Max. power 9.0 hp/1800 Fpin "9.0%p 1700 pin
Cu.lm" \\1dlh i500‘mm (Two TOWRL . ~000mm (Two rows}
Cunmg. dL\lcc- Reciprécating coiter ' ‘ VRL(Ip*OLs‘UW‘ cutter
Threshing cylinder - L
Diameter " 460 mm 364 min
Lenzth 300 mm 482 min
Speed 430 rpm 350 rpm
Ti'n\;c.]]'ing device Endless irack Endless track
“Travelling speed
'For\\'ag'd 0.44-1.30 m.scc 0.06-0.79 m. see s
Backward 0.40:m/see “0.75-0.84 m.“seé -
C]c:.mm" dc\'ue Grain fan Reviprorating sieve: , . .

‘.-mit/t_ed. to each cdmpone‘nt 'inainly by thé V=belts and the combine B

- is eq.uipﬁéd- with stepless speed red-ucér system for travelling.

¥

{a) The Compine A

{Transmissien Gear Bov

i i
datteag 55"*’—“-?’ CO'“’?J‘U" ﬂj‘ Chaf¥ Dispostig: Fan ;
Cha#i Dispesing Fon. Reci procahng E' Chain .
Sieve i" T . Conveycr
feed Chain =
. I .
] LI Ly i
z - | Threshing. |Y 4
3 Ceylinder[l ¥
& T T TT, = '
. o AW - -
Threshing | 3 32 _'L‘gnu A i --’;}‘.;1 Bl
Cylinge) S0 4 l’ T )
- s [ L -
— i Feed 2 \ YL AChain | 1
: _ Chain = {Corveyed |
HE—————F. @i ilditing | N
1 AT 2 Cﬂ\;WE_\,'orr_\' T X
‘ Girain Cleaning fan 3 — ] St
'@-I:I Enging- 3 : ) :
Rear Arfe PR
(b} The Combine B I Wl enie
Trans- |2 .
_ mission|, g
... ‘|Gear -
—= 1 -Box [ <
Rear Axlg

Fig; 2=12

Schematic Diagram of the Power Transmission

"Systems of the ‘E_xper.i-mented‘ Combineés
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L‘For the comblne A rnAorderwtordetermlne the power
dlstrlbutlon ‘to 1nd1v1dual component and to eatlmate the power
loss, the’ torques and speeds of the shafts of the funetional
components, such as the threshlng cyllnder, conveying chains and
secrews; cutter-bar and travelllng shafts, were measured. For
the comblne B, the torques and speeds of the shafts ‘of the
components whlch responded relatlvely cleary to the fluctu—

s

atlng feed rate were measured The measured p01nts of above-

mentloned torques and speeds are shown 1n Flg. 2 12 (a) ana
{b) by‘the symbols % and O respectlvely.

&,rThe,experlments forwthe“comblnes A and. B were conduct-
ed £rom Néﬁéﬁpér‘s to 21, 19§z and from October 1 to 15, 1968.
The rice field.conditions are shown in Table 2=7.

Table 2~7 Conditions of Rice Plant

o o o .Fgl‘:“thg. c,onllJ;int;_ A : For ‘he c.ombme B
Variety of rice © NAKATE-SHINSENBON MANRYO
* Plaming Tondition ; . Transplaniing- Transplanting
‘ Graih-straw ratio Grain 33%, Straw 67% | Grain 31%, Straw 0%
. o 2o Moistuge eontent 0 - LGrain 18.9°%. Straw 68.3% . Grain 249 %, -Sl.l'-'l\\" W3.02%
-Planting density - 0.65 kg/m/row 0.61%kg m,row ’

flfhele%perimentspfor_the_oombfne‘A were-oonducted in
Ofder'toadiscuss the stationary characteristics of the combine
under the ordinary operating conditions. The travelling and
cutting conditions'of the individual experiment are shown in

: Table 2-=8.

The experlments for the threshing device,; which is the.

“DSt lmPortant devrce of. the combine, were conducted in order
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Tabl@‘;;Smopegatihq‘Cohdittons.for‘the-Combine A

Tr‘.\cllmg -:pu:d - ‘ Cumng mdlb L Fced rate.
N - 1 ' 0.405:m see 2 rows 31.,4.-1;g min
80 DLl l2mmsec o UL %rews . - 47.3%p mi
4 0.398'msec 1 row 15;5kg amin
- DyLoeond, U0E08mosee . - o lrow o . 23.2kg min
5 ] '0.526 m - sec Drowe 40:8kg min
6 L 043 mesee ¢ Yrow 16:9'kg: min
7 ! 0:622 - sec lrow 24.1kg min
- T ’ D043 misec © Zrows : 34.%2kg nrin
g - 0,620'm sec 2rows - 48.0%kgp min

I

to discuss the dynamic characteristics of the threshing cylinder.
The conﬁitions'fox.these'eXpe;iments"are shown in‘Téhle,Z—Q.
Table 2-9 Conditions of the Threshing Experiments for

the Cémbine B

Tcti qppclhuon . ] .. Feed rate \ Spccd of c;hndc‘r
’ -\ - 134’.0-kg,-’mi.r'1 A ; 402 Tpm
. B e - J00:0kgSmin* . -} o . 7 3761pm
C i e | ‘ ‘393r§m

* Rice p]’mt was fed ‘motre decpl\ h\ '1ppro\.:matv.l) 10 em than test A7 L. Tra v L

In order to dlscuss the response of the combine not only
to the ordlnary operatlon but also to the extraordlnarv fluctua-
tlon of the feed rate, the experlnents for the combine B were

coniucted The condltlons for these experlments are shown 1n

'?gble.ZPLQ Table 2=10 Operatlnc Condltlons for the Comblne B

Expe e . ; i, T T
llr;fncn Trzsxl\;‘glléng p Cufting widih :l?la_mi_ug mode ' ‘Feed rate’
- N . ! ' .. e e
. ! 5 0.4 /sec i _ lrow . . Unifoerm 14.6 kg/min
2 E ” : 2 rows ! KA 29.3kg/min
-8 ; 0:65n/sec | v o w e 4TS kgdmin -
4 .40 m ; ; 206.3 I-.frl'mm (First half)
o i _ mysec i i : Step (DOU_I)IG), 38 GLg min (Laller lla]f)
Ty y : _ . . ©29, Skg/mm (Firs{ half) -
. ‘ ' ’ - ” Step (Triple) 87.9 kg/min (Latter half)
P 6 o s _ y ) Heeangle (Wave length 1.23n)* )
» 4 : ” : 4 Rectangle (Wave length 1.6 m)*
- T # d 1 R'ecl'anr"le {Wave ]é"n":'lh' 3.2.m)*

*
h trage plummn denm\ Aas 2.-: kg m -and amp]nudc of planting densu\ was 2.4kg ‘i,

2‘3-2«Exp§rimental ReSults and Their Discussions -
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The:operating performanceS'of-the-odmbine A for three
-different speeds of the threshxng cyllnder are shown in Tabhle
2-11. As -the speed of the cyllnder 1ncreased the unthreshed
grain decreased however, the husked rlce whlch Would be
conSLdered as graln loss in the drylng process in¢reased.

Table 2 ~11 Operatlng Performances Of the Threshlng

Dev1ce of the Comblne A

Qpeed of ::\Imdcr " ' Rauo of huaked nce 1 ) Ratao of umlxre-hed hcad
360 rpm o 2% , 5.0-6.0%
4047pm : 0.2% : 5.0-6,0 %
A34rpm " L7-2; 25%~ L 3.0-4.0%

The power dlstrlbutlons to: 1nd1§1dual component of the
'comblne A and B are shown in Fig. 2-13. (a) and (b), respec-
: tlvely For the comblne B ~ the power-of the engine could not

be measured due to 1ts constructlon, therefore, the power loss
fjwas estlmated The characterlstlcs of the power distribution

to main components of the combine A and B will be discussed in
vcomparlsonﬂwlth”the”Western*type“rlceﬁcombine.”

B The powerﬁforitrerelling occupied 30-35 percent of the
erigine power for thé.combine A, and 30 percent’ foi the combine
2 Fofﬁfﬂewweééérn-ty@eﬁriaé’cambinéi%itﬁiihe half-track; -
hbWevér,?the“power%férftraVeliingoeoﬁﬁied"éﬁpérCEﬁtbf“the
engine powett - Tt-depends on the soil ‘condition; small engine ~° -
powe¥ ¢ompared to” Lotal body weight as well as its construction.
Therefors) it is necessaty-to improve ‘the travelling device with
the endlesé’ track for smallés cofbiné: The detiils’ about the-
travelling!power will be diécusséd in-Chapter 4.

—

“~For; the. combine.A, the power for -threshing occupied . .
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i1a.sding Speed sl /min
; 47.3ig/min
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Fig. 2-13 Power Distribution to Individual Component of th
Combins A and B

10 percent of the engine power, while for the combine B, it
increased rapidly as the feed rate increased, and occupied 30
percent of the engine power. The reason for this phenomenon
might be due to the differences of the major specifications, size
and construction of the threshing components between two combines.
In both combines, the fact that the threshing power occupied lower
ratio is one of the merits of the small rice combine of head-

feeding type in comparison with the Western-type combines,in

whi
hich the threshing power occupied 50 percent of the engine power.
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This great difference of thresliing power between two types of
combine was dué. to the substantlal difference of the threshlng
method. That 1s, for the Western type comblnes, rice plant
fiows into the threshlng derlce altogether 1ncludlng straw,; so
Ithat the power to destroy straw may occupy higher proportion
‘1n addition to threshlng. For the small rice combine of head
feeding type, however,ionly the head whlch 1s the only part
required for threshlng gralns, flows lnto the threshing device
so that the power to destroy straw 1s comparatlvely lower.

Thé power loss w1ll be dlscussed only for the Combine
2A. The power loss occuoled 24 percent of the engine power.
Considering the power of the unmeasurable parts, the power
Toss might reach 30 percent. This hlgher power loss might be
due to the power transmr551on system which consisted of the V-
belts and roller chaiostglhe‘sllpfbetWeen V-belt and pulley
or imPrOPer-iubrisation49£.ehs;rgl;es;¢h§insusausedwthe~deqs§ase
of the power transmissioneefficiency-”As mentioned later ,
con81der1ng the. lower effrcrency of the. endless track and the . .
sprocket the total eff1c1ency of.the. power, transmission of.
the Small-qqmbiee'mightebe:QéleW;riéﬁpewa¥ikel¥;l?$$-#h?n'**~
>0 percent. Therefore, it .is necessary to:study the power. - ..
transmiﬁsicneﬁysﬁemeiﬁpm;a;pgipeaaﬁgxiewepfttﬁeaeﬁfect%ve*earr,

utilization of. the engine.power.....- .= . .=:

: For, both small rice combines of head. feeding type, the
tice plant. was fed between the chains and the.guide rails,: so
the feed rate was limited. at .about.50 kg/min. .The relations. .. -

bEfweén»Eheaiesd;?@tsaanévshe»mséanpewse;requissmentafsefthsf

Co 1 . ' s e N . e = 5 i
mbine A.and B.are-shown 1in- Filg.2=14(a) and ' (b); e speetively.
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Threshing power of the combine A showed the maximum value
of 0.8 PS, and of the combine B of 0.5 PS. This
difference of the threshing power might be due to the fact that
the moisture conténts of grain and straw for the combine A were
higher by-G and 5 percent respectively, as shéwn in Table 2-17,
than for the combine A, and the speed of cylinder of the combine
B was 1.3 times faster than A. In Fig. 2-14 (c), the threshing
power of the Western type rice combine is shown as a comparison.
From-ﬁhis figure, the thréshing power of the small combihe may be
considered to be fairly low. Powers reguired for-cutting_and‘ |

Picking up of the combine A were higher than those of the combine’



B. This dlfference mlght be caused by the dlfference between

the transm1551on eff1c1en01es of the comblnes. That 1s, the

CTRLOT ey =
[P —r s v(‘\li‘v

universal jOlnt was used in the comblne A whlch was not used

,’A.f‘ r". o

in the combine B and the power transm1551on systems Whlch

gonsisted of seven palrs of the bevel gear ‘were used 1n the

comblne A,; so that the power transm1551on efflclency of the
cuttlng and plcklng up dev1ces of the comblne A mlght be
decreased. The power requlrements of the other components

weré of low value of approx1mately 0 5 PS.

42



224;¢on0lusionsroﬁrThis Chapter

Combines posses the complicated mechanisms and

characteristics of the power requirements. Grain losses,. torques
and rotating speeds at each element of‘the-Small rice combines
and the thresher of head feedlng type were measured and the

comparlson of the dlfferences in . functlons between these?“W’

H@Chlﬂerywex?-1nv?5tégat?dfESPQC?%ttxdn-thls CQaPter.the PQWer
requlrements and the power dlstrlbutlons to each functlonal element

were dlscussed fcr the 1nd1v1dual machlne._mrdwm'

RV

As a result of these experlments and dlscu551ons the

follow1ngs were. obtalned For the Western-type small rlce

comblne,r.

e . i s ' . s B F- [t

1) The graln loss was 4 5 percent when the operatlng condltlon

was good but in case of harvestlng the lodged rlce plant the "
»graln loss amounted to 20 0 percent The greater part of thls
graln loss was. the cyllnder and straw rack lcss, espe01ally

the most part of the cyllnder loss was, caused by the tnripened grains.
\q2) The power requlrements of thls comblne were. closely related

with the feed rate of the rlce plant to be threshed, that 1s,ﬂ

power requirement was 2§:S,B§_when_thewieed_rate,was 85.1 kg/min

and lB.S-PS When 49 kg/min._ _— )

3) The characterlstlcs of the load at each element . were

dlfferent That 1s,.wﬁ_,

a) The power at the threshlng cyllnder was most closely
related w1th the feed rate. It was ll 6 PS on the average when
the feed rate was 85.1 kg/mln and 4.7 PS when. 49 kg/mln.LL‘\_q

b) The cutter—bar power dld not vary w1dely dependlng on the
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operating conditions and its value through the experiments was
sﬁall, about ;'QL?S'; ‘ . |
‘c) Because ofwthe:low_t;eve;ldng Ve;goities through the experi-
ﬁents, the meximum\trevellingvelocitywas 0.32 m/sec; the travel-
ling power wexe‘smell, that is from 4.0.PS to 8.0 PS. .

4) The forces acting on the concave through the rice plant by the
threehing-cylinder inc;eaeeddat intervals of the uneven flow of
rice plant fed into therth;eehing,roomf Hence, the torque at the
threshing cylinder shaft eleo showed the wide fluotuation.

The small combine with the head-feeding thresher, which
has the chain conveyor to feed the straw along.the threshing
cylinder axis and of which_cylinder teeth beat only the ear
pert of the straw, haswnany‘featuref-In order to make clear the.
threshing function of the small combine of this type, the power
requirements of the head—feedingbthresher{rwhich constitutes the
conveying, threshing, cleahing and qnloading elements of the
combine;rwere measured_endﬁthe iollowing‘powe: requirenents
che;actetistics of the,thresher_were.ohtadnedh..,

1) bbsetvinétthe oylinderitorgue fluctuation when binded one-
sheaf-wes fed it was, found that the threshing func-
tlon was carrled out for the flrst half of the cylinder length.
2) The threshlng power requlrement for the continuous feeding was
about 70‘percent of the_power_for,the sheaftfeed;ng,oIt was
favourable to feed contlnuously and unlformly for the combine

of head feedlng type.‘“‘

3) When binded@ one-sheaf of green rice was fed, the threshing
¢ylinder power reguirement was relatively high. It rated to 60

Percent of the total power input.
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4) The power loss was considerdbly high, because of the slippage
between-the'v-beltswand pulleys of the power transmission system.
5) The power requirement of the threshing cylinder for the dried
rice was about 50 percent of that for the green rice.|
%) The relationships between the feed rate and the.power reguire-
ments: were gquasi-linear for both dried and green rice.
7) For threshing .of the binded one-sheaf of green rice, the thresh~
ing power increased more largely with the increase of the sheaf
weight than of the dried ricew

The characteristicé of the power requirements of the

combine of head-feeding type are concluded as follows.
1) The operating performance was fairly good, that is, grain loss
was below 6 percent, but for the Western-type small rice combine
it was 10 percent or more.-
2) The power for threshing occupied. from 10 to 30 percent of the
engine power, but the threshing power. of the Western-type small
rice combine occupied 50 percent of the engine power. This diffe-
rence of threshing power was due to the difference of the threshing
method and the lower threshing power is one of the merits of the
head-feeding type combine.
3) Power loss showed considerablly high value.
4) The power reguirement for travelling occupied the higher
proportion, that is, from 30 to 35 percent of the engine power,
however, for the Western-type rice combine with a half-track,the

power for travelling occupied 20 percent of the engine power.
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CHAPTER 3 -

 Dynamic Characteristics of the Combine Loads

In the preceding ‘chapter, the power distribution
 patterns to each functional:- element of"thé combines”and the
thresher, and the relationships between thé average power = -
requirements and the feed rate of rice 'plant fed to the
combine and thresher were discussed. Hoéwever, the characte- -
ristiecs such as the amplitude and the felative frequehcy -
distributin of the: fluctuating torques caused by theé méchani- -
cal vibration of the combine:elements and the unéven flow of
rice plant fed into the combine could not be'c¢larified. - .~

In this chapter, the dynamic.- charactetristics such as -
the amplitude of the fluctuating torque by means of the- dbove-
mentioned relative freguency distribution curves, the fregquercy
domain- characteristics of the flﬁéﬁtétionfof the. torgue by
means of power. spectral -density and the time domain characte-
ristics of the trend by.means of the movihg average method -
from the view point of developement of a combine such as an
automatic control of harvesting.
3~1 Dynamic CharacféristicS‘oflthe‘ioads of the Western-type

Small Rice Combine * r *%

In order to find the 'smoothed fluctuation of the
torque recorded -under ‘a certain opepatingzcondition, the ‘method
of moving average was taken, :that is,the very minute fluétuation
Were filtered out. ‘Thusthe trend of :fluctuating  torgue could

be shown.
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Besides, for the purpose of discussing the characte-
ristics of_fluctuetion,inc;uding the very minute fluctuationsrd
of the torques,‘the relativexfrequency distribution curves for
the whole records of‘the torQues were obtained andﬁthehamglitudes
agd other statistic characteristics were revealed. This‘method
of the relatlve frequency dlstrlbutlon curves can suff1c1ent-
1y represent the characterlstlcs Wlth the mean, median, mode and
range. Hence, in order to discuss more suff1c1ently.theﬁfluctu—-
atfon of the torgues, the relatiye,frequency distribution‘curves
of the original.records of the_fluctueting torques_correspond_
iné to the neighbours of the maximum and minimum values of the
Smoothed curves of the torques werer obtalned and the dlfferen-
ces between these dlstrlbutlon curves, that 1s,‘the nonstatlonary"
dynamic characteristics pfjthe?fluctuat;ng_torques‘were_dlscussed.
| ‘In,caserof dfscussing the periods of_Mthe fluctuations,
the eutocorrelatlonl functlons or correlograms and power spectral
densmtles are usually usedl) 2) 3) 4), but in thrs_sectlon these
technlques were not adopted since the_longer periods of the
fluctuation of the torque could be found hy thevmoving average
metﬁoa; , RN - - t.
| There.ere"menf.methods for countlné frequenc1es 1n a

5)

dlstrlbutlon curve™’, the follow1ng two methods were adopted in

this section.
i) When a fluctuatlng torque passes through the olass llmlt
tOrques at the 1evel Tl’ T2, e T’ whlch were set up in

advance, f f Ty f tlmes respectlvely, the frequency H

Tl 2
of the torque T

k

K is given by the follow1ng equatlon.

e = ( £/ 4E £ ) x 100 ( percent )
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for k'=e1;'2,;;';;“n R
-Fbr‘example, the\Ealcﬁlafing results of such the fluctu-
ating ‘torque as shown in Fig.3-1 is given in the right column
in - this figure. In this section the number of the classes of
torques n are from 7 to 30. And hereafter this method will be
called the A-method  { Amplitude method )
ii ) The ten levels' of the torques are set up at the value of
TO{ Ty ....,'Tg'thrbugh dividing equally the range of the fluc-
tuation of the torgque with the aid of the helieaiipotentio- ‘
meters of ‘the analog data processing system: And using the
oscillogram tracer, A-~D convertor, comparateéer, logic circuit
and magnetic counter of this data processing system the values of
the torgue are sampled at the constant time interval At out of
the original oscillogram records, to which class do these sampled
values belong is determined and-the frequencies of  the torgues
belonging to each class are counted with the magnetic counter
( see Fig.3-1'). In this)seétion'thefsamﬁlinérintekﬁal'ﬁt“isi'ﬁ"
1/5000 sec. Because the period required for a complete rotation
of the threshing cylinder-was about = - 1715 sec and the minimum
period of the fluctuation of the engine torque was about 1.5/500
sec, therefore the time interval for sampling was short enough.

The characteristiq»yglue-of,theuelasg was %( Tn + T ) for

n+l
n =20, 1, ...,:8"Aﬁéihefeeféeiiﬁﬁisfmethod for counting frequen-
cies will be called the S~method ( Step metheod ).

The experlmental condltlons were given in 2-1-1.
3-1~1 Amplitude of Fluctuatlng Torque of Each Functional

Element

For Test 3, when the feed rate was maximum of all
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experiments, in order_to_find the range of the fluctuation of the
torgues including thg'miﬁﬁte_flugtuation such as the torxtional
vibration of the shaft,ithe relative frequency distribution curves
of the torgues of?tﬁé enginé, threshing cylinder and travelling
counter shaft fori6.6fsechds were:obtained with the A-method,
as shown in Fig. 3—2. It‘WaS'févéaled that the torques of the
threshing c¢ylindér shaft fluctuated widely, but at the engine and
travelling counter shaft did not so widely ahd'their distributions
were approximately normal. Namely, the maximum value of
the threshing; cylinder torqﬁé was five times as much as its
modé and the maximums-of‘the engine and travelling torque was
‘about two or three times.as=much as their modes. Thus, it was a
very peculiar and unique-phenOmeﬁon that only the threshing
cylinder torgue fluctuated over a wide range.

Similarly to Test 3, in order to discuss the details of
the fluctuation of the torques and to find out the nonstationary
characteristics of the fluctuating torqﬁes; the relative freguency
aistribution curves were obtained with A-method for the part at |
which the threshing cylindér torque gavé-a‘lower'Vaidé (ay,
the part at which the cylinder tdrqué increased ( B ) and

decreased and gave a low value once more ( C ).
A-method -

with Smethod - [Teguencies.
e e
o T ‘ 7 [2]
o N Filre
PL T THS | & | 3:
’::'T' \J E 16 s
3% , Elley
S T ‘ IEM
3% ; 3
i gl
~ NI =5
) -~ =2 3

4 e =

Time ®y %

' < 5

Fig. 3-1 :Method for-Counting.Frequencies
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Fig. 3-2 Vriatin of Torqgue Distribution

The results of calculation are given in Fig.3-3

— Torque Kg-m

Fig. 3-3 shifting of Distributieon Curves.of Torques. = -
because of Uneven Flow of Rice Plant
For the same part of-the oscillograms of-the torgues as
the above, the relative frequencygdistribution curves were. -

obtained with the A-method. The results are shown in Fig. 3-4.
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Fig.3-4 Shifting'ofnbistfibutibh'Cﬁrves of”TOrque

because of Uneven Flow of Rice Plant
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compared these two groupes of-the curves, it was

noticed that there was.a fairly.large difference of the shapes ..
petween distributidén curves. This was due to the fact that with:
the A-method the time required for the fluctuating torque to
pass the adjacent level value after passing a certain level
value was not considered but only the amplitudes-of fluctuation
were considered for calculating frequencies, however with the -
s-method the frequencies of the sampled:torques belonging to a
certain range increased in proportion to the time required.
for passing this range. In both figures obtained.with the
different two methods, however, the tendencies of .shifting, "
which was caused .by.the nonstationary characteristics of -the-
fluctuations of the torque, of the relative frequency distri-
bution curves corresponding to each part of the oscillogram - -
were similar. Namely,; -
i } When the feed rate of rice élant‘increased instantaneously
because of the uneven flow of rice plant, the mean value of the
threshing cylinder torque increased and thus its frequency
distribution curve moved to thé right. At that\time, however,
the engine torque did not change_so largely aé.the threshing
cvlinder and the mean value of thé'tiaﬁeliing'counter shaft
torque decreased as:ddniréstéa“wiﬁh}the above two elements and
its frequency distribution‘curVe moved to the left. When the
feed rate decreased soon after, the mean value of the threshing
€¥linder torgue decreased and its distribution curve moved to
the left and returned to the previous position and the distri-
bution curve of. the travelling counter shaft torque returned . .

to the right but the fluctuation of the engine torque was small..
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4i ) When the average torque of the = threshing cylinder increased,
+he range of fluctuation: of this torque at this time became wide.
This phenomenon indicated that the-load. for threshing grains and
cutting straws became heavier.when the flow of rice plant
increased.
3-1-2 Smoothed Fluctuation of Torque of Each Functional Element

In oxder to find the trends of the fluctuation of the
torques and angular velocities,"the moving average method was
used and filtered out the minute fluctuations. The moving average
methods of various type are given in the references: 6.).and 7 ).
But the moving average process used in this section was as follows.
The average values of the torques of each functional element at
an interval of one revolution of the threshing cylinder and the
average values of the angular velocities of each element at an
interval of one revolution:of each corresponding element were

calculated. The results are. shown in Fig. 3-5.

1
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Fig. 3-5 smoothed Fluctuations of Torques and Angular

Velocities

torque increased at an interval of 1.6 sec and 2.1 sec.. Such .
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phenomenon as thlS was observed during every experlments and |
the 1ntervals of these lncreases of the threshlng cyllnder
torque were from 1. 2 sec to 2 5 sec; Thls fact seemed to show
that the flow of rice plant fed into the threshing roon was
not uniform Yo 9,

ii f Altheugﬁmthe threshing cflinder torque increased 'instanta-
neously, the engine torqgue did not so increased and the
travelling torque decreased at this time on the contrary.
This ‘seemed to show that because 6f the great  mass moments
of inertia of the main rotating parts, especially of the -
threshing:eyiihder of the exﬁeriméntedicoﬁbiﬁe,-the'kihetic
energies of “these parts compeénsated the instantaneous increase
of the loads at the threshing cylinder.

" That ie; when the loads of the“threShing cylinder
was low ( for example, at t = £t in Fig. 3=5 ), let’the
angular velocity of the cylinder;shaft:be Wy and the travel-
ling velocity of the combine be Vy- And when the flow rate of
rice increased and therefore'the’threshing“cylinder torque
increased { t = t, in Fig.3-5"); the angular velocity of the
cylinder decreased to mz after dt ( = t, - t; )sec: Let the
total equivalent moment of inertia about the cylinder shaft

of the main rotating elements of the combine be T ‘the

eq’
total welght of the- comblne be W ( kg ) and the change of a

klnetlc energy for dt sec be dE the work done for a unit

time, that is, power H is glven by the follow1ng equatlon.
S L 1. o2 2 W 2,

3t*75 _“dt{ Iceq( w7 oy, )/2 o g( vl : v, )/2}/75
\‘ ""inps o (31)

Because ofItEeAlow travelllng ve1001ty the second term in

the pParenthesis of the right hand side of Eqg. 3-1 can
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be neglected. Flnally, the follow1ng equatlon representlng the
compensating power of ‘the rotatlng elements of the comblne is”

obtained.

. _ = do 1 - - R R R
h—Iceth'?S (ps) | (3-2)

where W ='l(w + W ), dw = wl - m2 .
The main rotatlng parts were connected w1th V—belts as shown
in Fig. 2 1. The mass moments of 1nert1a of each rotatlng

element could be reduced to the equlvalent mass moment of

1nert1a about the threshlng cyllnder shaft I ’ Whlch was

ceq
given by the follow1ng equatlon.
e L g :umtl.“.;_:x-z'f- r”, 'é
Teeq f,;c + IR‘( ”R/wc )‘ + IT_(.wT(mR )_(~9R4mc )

+ IE ( W /m ( W /w

{( 3- 3 )

where T ,'lR, VT and I vere the mass moments of 1nert1a

about the threshlng cyllnder, cyllnder beater, travelllng
counter shaft and englne, respectlvely. And Wor Wp, Wep and
o were the angular ve1001t1es of the above, respectlvely.

These values of the experlmented comblne were as follows.

IC = 51.0 kg—cm—secz,‘IR = 7.97 kg—cm--sec2 §
I.= 2.6 kg—cmASecz,'I&'='2.3' Kg-cm-sec?
Wp/wy = 1.49, u fuy = 1.39) w /w =161

For example, the change of the energy from t t1 to t =‘t

in Fig. 3-5 could be calculated as follows. In this case,

2
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. = 80 éec—l,”w "=-70&sec7l,pdw'#u10usecfl; dt =:0.34 sec
“1 : _12 : . .
and w = 75 sec - . The compensating power was calculated from
Egs. {( 3-2 ) and ( 3-3 ) and it amounted 27.6 PS. Therefore
it could be said that the flywheel effect or compensating-
offect of the rotating elements of the combine was large.

In such a manner, there was compersating-function
of thé power requirement between each functional. element
of the combine and therefore the instataneous increase of the
load at the threshing cylinder could be compensated by the
kinetic enéergy of the rotating parts of a combine without
increasing the engine power.

Tn order to deSign ‘a combine ‘effectively -with regard
to the characte;isticsﬂof~the load at each elefient and to - -
good utilization of power- compensatihg finction between
the functional elements, not only the independént and peculiar
function of each element, but also the mutual actioh betweén the
combined elements will have to be analized. For this purpose,
the further studies of a combine must be made from & point- -
of view tha£ the power ﬁfahsmiséion‘systemrofiavcbmbine-is-a
dynamic system including an engine.-

3-1-3'Characteristics of Fluctuation 6f Torgue of Threshing

Cylinder
The most important fufictional ‘elément of the- combine
is the threshing' cylinder. In the previous section the charac-
teristics of fluctuation -of the main: functional eleéméent weré
discussed. It is necessary for designing and developing the
threshing element that the dynamic characteristics of the

threshing torque are clarified and in this section the change
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in the amplitude of the fluctuation of the threshing cylinder
torque with the change in the feed rate of rice plant by
means of the relative frequency dlstrlbutlonlcurves will be
investigated and the threshihg p;pcess quthe threshing device
with spike—tooth cylihdermand concave will he presumed by the
oscillogram traces'of‘théfwave forms of the threshing cylinder
torgue and concave reactlon torque.

The threshing cyllnder torcue fluctuated with the
longer period by the change in the flow of rice plant and
this phenomenon was clarified by ‘the moving average method in
3-1-2. The actual fluctuation consisted of the longer fluctuati-
onn@htionedab0ve and the shorter fluctuation caused by the
threshing action of the teeth of the cylinder and concave as
well as the torsional-vibration -Jofithefcylinderishaft.

In 3-1-1, for thé purpose of verifying ‘the compen-—
sating function the two kinds of distribution curves corres-
ponding to the instances. at which ‘the flow of rice plant
ihcreased and decreéased’. In this section the frequency distrim

were discussed , _
bution curves obtained from theé longer .time records in disre-
gard of change of the rice flow during an experiment are -exami-
ned and theé change of the distributien curves caused by the
change of the experimental condition are inuestigated.

The relative frequency distribution curves of the
threshing cylinder torque for the various'experimertal condi-
tions, which were obtained from the original long oscillogram
charts for 5 to 7 seconds with ‘the A-method explained in
3-1, are shown in Fig. :3-6.

The distribution cuxrves ‘cdrresponding to” the-low
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Feed Rate
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Fig. 3-6 Freguency Dis£ribution Curves of Threshing
Cylinder Torque.
average feed rates of rice plant might be considered approxi-
mately normal, but to the~highu feed rates they were skewed.
The ranges of the amplitudes .of-fluctuations were- fairly
wide and the maximum torques were 5 to 6 times as._large- as
the modes ( 3.5 times-as large as.the mean-), and this must.-
be taken into consideration on designing the strength of- the
threshing cylinder shaft of the combine. -
The reaction of the.threshing force of the cylinder.

was transferred as the torque-to the worm wheel shaft of the
worm gear box for adjusting concave clearance. This torgue. .
was transmitted through- the threshéd rice gfains»andw¢w~

pressed and crashed straws:from the threshing cylinder
and might display the force acting upon: the concave:appro-
Ximately. Fig. 3-7 indicates the oscillogram-traces of the
torques of the eylinder and the worm wheel .shaft for the . . =
feed rate-of. 85.1 kg/min. In this figure, ( a: ) was record-

®d when the flow of rice decreased and ( b ) was recorded



58
when increased instantanecusly.

Cy;indéz: -Torque
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Fig. 3-7 Oscillogram Traces of :Torgue. at Cylinder and
Concave for Test No.3
The period of the fluctuation of the concave torque

was different from that of the cylinder..:The fluctuation with
longer period ( more than 1.0 second.) of the. force -acting .
upon the concave was caused by the-uneven flow:-of riece mention-
ed previously. The fluctuation with the shorter period might
be caused by the -fact that when the. teeth.of cylinder passed
through the teeth of the concave, there.were actions of.thresh-
ing grains, cutting and pressing straw$ among these teeth.:
This phenomenon is revealed in Fig. 3-7 ( a ). That is, the
force of the concave . fluctuated ten times fdr one revolutions
of the cylinder, this might.be caused bf the fact that the
teeth were placed on the.cylinder in the direction of. the .
circumference in ten columns. at: regular:- intervals: For con-:-
venience, the teeth placed in order in direction of the shaft
of the cylinder will be called the column of,the,teethi~;;

hereafter,
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when the- columns Of-théltééthfofnthe‘threshing cylinder passed
through the first column of the teeth of the concave' ( this:
column was placed near the entrance of the concave ), the
forces were little acted. The forces acting upon the concave
seemed to fluctuate exactly corresponding to the threshing
forces. On the other hand, the cylinder torgue did not always
fluctuate with the threshing foréés. When the cylinder shaft
was considered as the torsion spring and the cylinder and
pulley was considered as the inertia masses, thé natural
freqUency-of.thisvibrationSYStem was about 77- Hz: When»fhe
rice flow decreased, the cylinder torque fluctlated at 77 Hz..
as indicated ih Fig. 3-7 ( a ). This indicates that the fluctu- .
ation of the torgue with the short period was caused by the
torsional 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
torgue with a shért period might be caused partly by the free
vibration of the cylinder shaft, but fluctuation of the cylinder
torque was much complicated by the V-belt as a nonlinear
spring and nonlinear factor such as slip between the belt and
pulley and the frictional resistance of rice. When the flow of
rice plant increased, the aspect of-the fluctuation of the
Concave force was altered as shown in Fig. 3-7 ( b ). By this
time, the period became twice as long as ( a }. The cause of
this phenomenon was not clarified, but it seemed that when the
flow of rice plant increased, the rice plant was drawvn in the
teeth of the concave by the teeth of the cylinder in large

duantities, the rice flow was intercepted and the resistances
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of. the rice flow against the next column of the teeth of the
cylinder became lighter, or considering the fact that in Test
No.3 the grain loss-over strawrack was fairly more .( that is,
7.0 percent ) than in other: tests, straw was strongly pressed -
and so period of fluctuatien of the concave force became
longer. These phénomena Tust. be analized more minutely in .-
order to clarify the threshing mechanism of the threshing .
device with the spike tooth cylinder and .concave.

Moreover, in Fig. 3-7, the peaks of the threshing..
cylinder torques lagged behind that of the concave force. This
might be caused by- the large inertja of the cylinder, that is,.

the compensating funqtion_pfgthe,cylinder.
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3-2° Dynamic Characteristics of the Load-of ‘the Head-feeding -
Type Thresher**#* .

In 2-2,: the mean power requirements. of the frinclio-
nal elements and power distributions® to “thém of the head-feed-
ing type thresher.’ However, it was insufficient. that the load’

were discussed A ‘ ) , _
characteristics were indicated only by means.of'the average -
torques . of the functional elements; and was found to be
necessary that they - = had to-be represented by means of the
relative frequency distribution curves showing the characte= .
ristics in disregard of time' axis 'and the corrélograms-and -
pbwer"spectﬁal dencities showing the-characteristics consider-
ing time axis”orﬁfrequency'domgiﬁ;A'

- In this section the dynamic ‘characteristics by means
of the. above-mentioned methods will:be discussed. and the
smoothing -technique of the moving avérage will.be uséd as in the
previous section. . As the results of these discussions' the funda-
mental informations. for the automatic' control of the small
combine with head-feeding type thresher will be obtained.

‘The.principal destriptions of the experiments’ were
given in .2=2-1.. o - SR R
3-2~1 stationary Dynamic Characteristcs of the Toxrgue of Each
"Functional Element |

- -The torque wave form of each functional~ element which
was recorded for no-load operation presented the complicetéd
fluctuation by reason. of- the torsional vibraticn. When rice
Plant was threshed, the fluctuations ' = - .of the torguEss .
Lizot hecome more-complicated and the amplitudes of the fluctu-

ations might also be- varied according to the material condition..



62
Especially, as‘discussed¢in.2—2—l, the threshing cylinder torque
;as of the highest. value and it might be influenced by the
m;terial conditions to a remarkable degree. Therefore, in order
to reveal the amplitude of the fluctuating torque of the thresh-
ing cylinder, the reiative frequenqydistributioncurves of the
fluctuating cylinder torques fér»ho—load operation as well as
threshing dried and éreeﬁriceswere obtained. The operating
condition for threshing dried'fiéé'('moistﬁre content of rough
rice was 15.9 peréent and fhat_ofbstraw'was 34.5 percent ) was
feeding binded one—sheaf—dffb;Brkg and thaE¢for?threshing green
rice ( moisture content of rough rice was 24 percent and that
of straw was 71.3 percent ) was feeding binded one-sheaf of
1.5 kg. The method for counting frequencies was sampling
me;hdd,_and from the continuous wave record of the cylinder
torque the .values at interwal of 1/2500 sec. were sampled and
the level was decided to which each sampled value belonged and
the number of the sampled values involved in each level was
represented in percentage by the rate .to the total number of
the sampled values, as mentioned“in-3f}»qr,reference 5. ).
The obtained frequency distribution curves of the threshing
cylinder torques for various operating condition are shown
in Fig. 3-8. ' |
1} The fluctuation of the -torque of the threshing cylinder for
np—loadroperation.was‘heavyi The influence -of ‘the torsional
vibration upon fluctuation of the torque seemed to be great
considering the negative value of the torque and symmetry of
the frequency_dist:ibution pattern.

i) For .threshing rice plant, the amplitude of fluctuation in ,
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the threshing cylinder torque was fairly large but its frequ-

ency distribution .curves were similar to the normal curves.

=
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5 «—@—- Threshing dricd flice
= —&— Threshing green Rice
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=
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=

~1.0 1.0
Cylinder Torgue “Eﬂﬂ“ p
Fig. 3-8 Variation of Frequency Distribution Curves with
Operating Conditions .

This phenomenon - -was different from the case of the Western-
type rice combine, that is, for;the;threshing-torque-of the
Western-type combine the mean become greater: than the mode
as the feed rate of rice plant was increased.This might be -
caused by the difference of the‘threshing method. That is,
for the head-feeding type: threshexr Qniy the panicle. ( head )
of rice plant was fed into the threshing device to the
direction of -the cylinder axis, on the other hand, for the
threshing device'of~the,Western—type;combiné the whole rice
Plant ( panicle and straw ) were fed into. the threshing
rYoom to the tangential direction of. the eylinder.
iii ) As the load increased, the -amplitude of the fluctuat- . -
ing torque increased and the maximum value reached 1.5 to.
2.5 times of the mean ( this value was nearly equal: to the

mode ). However, for the Western-type combine:the maximum . - -
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value"reached:6.0.timessof the mode -and it was found that the
fluctuation in’ the threshing torque for the head-feeding type
was smaller than that for the Western-type. This was because
of the fact that for thewwesterﬁ—type the fluctuation of the
flow of rioe plant appeated>directiy as the fluctuation of the
threshing oflinder torque and the threshing process contained
pre551ng and cuttlng straws, on the other hand for the head-
feedlng type the material stayed in the threshlng room for
rlatively long time so the fluctuatlon of the flow of rice
was smoothed. | |

As mentioned above, the fluctuatioﬂ of the torgue
contained the torsional vibration. In order to understand the
characteristic¢s of the fluctuating torque resulting from such
inherent mechanical vibration-of. the experimented thresher,
the correlogram. for no-load operation will be discussed at
first. The reason why it is easier to search the construction .
of the fregquency component by means.of the correlogram. than
the original wave form. are as follows7)
1) In the: form of the correlogram the. superior component of
some frequency of the original wave form is emphasized (. that
is, it is appreciated by the‘squared amplitude ).

2 ) Near 7 = .0, the components of. the approkimately same
frequency are aggregated in the approximately same- phase.

‘'The calculation of the correlograms: were produced
for the torques of the driving counter shaft, threshing cylinder
Shaftf-screw'.conve-yer shaft, and chaff-disposing fan shaft.-

The number of data sampled. at. interval of 1/250 sec! from the

Original continuous records was 300  and the number of shifting -
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was 60 ( Tnay = 0.24 :sec”). The results of computation are
shown in Fig. 3-9.

et ~ Driving ‘Countér Shaft
_°","" Cylinder

- =—a=—"First Screw Conveyor .
——o—-— Chaff Disposing Fan

LOg:

l\ut'ocoi';‘_'olul ion Coefficient

Fig. .3-9 Correlograms ofFlﬁctuatingTb;ques of Functional
Elements of Head-feeding Type Thresher

i ) The torgue of the derlng counter shaft and screw convey-
er shaft fluctuated secondarlly at 20 Hz and primarily at 5.5 Hz.
The natural frquency of the torsional vibration of the driv-
ing counter shaft was about 130 Hz. The natural frequency of the
screw conveyéi shaft could not be calculated because of its
complicated qpnditidn, but its frequency might be excessively
about 20 Hz Singemthe mass moment of inertia was very small.
Finally, the higher frequehéy C§mponent of the fluctuating
torgque might be fesuited frém the natﬁral frequency of the
torsional vibration of the multi-degree of freedom system
including the motor shaft. The fluctuation of 5,5 Hz will be
discussed later on. &

11 ) The fluctuationsof. the short period of the shaft of the

chaff disposing fan and. threshing cylinder were different.. . ,
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fhis might result. from the reason that V-belts which transmitted
power to the chaff disposing fan locating at the.end of the
power-transmission system:-had- the vibration isolation. effect
and the natural frequency of the threshing cylinder_shaft was
low compared with other rotating parts because the mass moment
of inertia of the threshing cylinder  was great. - -

Theamplitﬁéesof.the'fluctuating;torques were different
for the . case of no-load.operation and of threshing.rice plant.
The correlograms of the threshing cylinder torgue for both
cases -in.order to clarify theidifference due;to .the operating .
condition. and of:the chain conveyer torque for-:the case. of ..
threshing rice plant are shown in Fig. 3-10. The operating.
condition was the continuous threshing of green rice of 1.5 kg
/40 cm.

o= Cylinder’ (No. load): - ~

1.0 = Cylinder (Feeding continuously)
. ' ' ===~ Chain Conveyor- (coatinuously}® = "~
-2
3
]
=05
4
S e
E
s
E
1o
5 .
g 0
b=
< -
-0.5F

Fig. 3-10 variationof Correlograms with Operating
. Condition

1 ) The fundamentaljshape of the correlogram of the threshing
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torgque was not changed when the load acted upon it. In other
words, it was presumed that when the load acted upon the
threshing cylindet thé averége £orque was increased but the
aspect of the fluctuation of the threshing torgue did not
changed.

ii ) The torgue of both the threshing cylinder and chain
conveyer shaft displayed the flucfuation of 5.5 Hz. The fluctu-
ation of the chain conveyer tofqug because of the intermittent
engagement'of the sprocket with the chain was slightly detected.
The freguency of this fluétuatiOn‘Was’8J5‘Hz; but when the load
acted, the fluctuation of this frequency disappeared and the
fluctuation of 5.5 Hz appeared. The reason of this phenomena

was not able to be elucidated.

The power spectral density-%hich is used to analyze
the random fluctuation reveals quaﬁtitativeiy the superior
component involved in the random fluctuation. The power spectral
densities of the torques of the shafts éomputed for no-load
operation and threshing rice plant are shown in Fig. 3-11 ( 1 )

(2), (3) and ( 4 ). The threshing conditions were identical

with the case of Fig. 3-10, and these spectra were computed
from the above~mentioned correlograms. e

1) The spectra of the torques of the shafts of the functional
elements except the thfeshing cylinder had the peak near 20 Hz
in both cases for no-load operation ‘and for threshihg rice
Plant and power decreased abruptly in ‘the higher range above
20 Hz.

ii ) The threshing cylinder torgue fluctuated differently. The

SPectra of this torque had not the peak near 20 Hz but the peak *
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Fig. 3-11 Power Spectral Densities of the Fluctuating -

Torgques of “the Head-feeding Type Thresher

{ Each abscissa represents the fregquency .

of fluctuation..

Y A

of lower frequency;'And'in this figure the spectra-of:the
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chAin‘Conveyer torgue had the similar characteristic to that of
the-threshing cylinder torque. This meant that the wvibration
jsolation effect did not exist in the power transmission from
the threshing cylinder shaft to the chain conveyer shaft because
this transmission system was constructed from the wheel worm
gear and the threshing cylinder shaft and the chain conveyer
shaft formed the independent vibration system which was isolated
from other functional elements Whiéh formed the other vibrating
system consisting of the shafts, V-belt and mass moments of
inertia. ‘

III ) It could not be clarified that tlie power of the fluctu-
ations of hicgher frequency than 40 Hz deéréaséd and the fluctu-
ations of freguencies above 40 Hz were smd&thed when the load
was acted.

From the above discussions it was revealed that the
fluctuation characteristics of the torque of each element was
hardly affected by the locad 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 continuous feeding of rice plant.

3-2-2 Nonstationary Dynamic Characteristics of the Torque of
Each Functional Element

In order to reveal the general characteristcs of the
fluctuating torque which all the head-feeding type thresher had,
the average values of each original wave at intervals of integral
times of the inverse of the natural freguency were calculated
and plotted considering the abscissa as time and the ordinate

a$ torque. The fluctuation characteristics of the smoothed ,
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threshing torque. from the beginning to the end of threshing
pinded -one-sheaf may be helpful to understand the mechanism
of threshing process-from a practical view point. The .results
pf:computations are shgwn in Fig.- 8 (1 ) .and (2 ). The oprat-
ing conditions of ( 1 ) and ( 2 ?_;ie:threshing dried one-sheaf

of 0.85 kg and green one-sheaf of 1.5 kg, respectively. The

300 ' "Relative Pasitian of
Cylinder
— 533

Driving Counter Shaflt

“Turyue ‘(I\g-rn).:

oo
100 . o Chain
. /Con\'c.\'or

Mator

2ad Cylinder
" ,Grain Fan .
/ Chaff Disposing: Fan-~

Time (sec}

(1) Feeding one .';hea!of dried rice

| Relative Position of |

Cylinder

3.00F
Driving. Counter Shaft

[T

o

(=]
T

Cylinder
LN

Torque (kg-m’) .

—
o
o
I
~

2nd Cylinder
_ ,Grain- Fan- =~
Chaff Disposing Fan
== s e
0 1 2 3 ¢
L . Time l(sec) , ‘
. {2) Feeding one sheaf of green rice

Fig. 3-12 Transient Torques Obtained with Smoothing
for Threshing Binded -One-sheaf

Telative position of the sheaf to. the threshing cylinder .
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&asldétected’by'the displacement of the straw bressihé‘plate
ander the chain conveyer.
i) For bééﬁ cases oOf threshing dried rice and green rice
the béginning bf“the“ihcféasé;inltheitOEque of the chain =~
conveyer wasearlier by about 0.8 sec than that of "the ‘threshing
tm-:q,u"e.‘ This might result from the structure of the thresher
of this type, that is, when the chain conveyer began conveying
the éheéf, tﬁé‘fhfeshing'¢ylihdér‘did ﬁéflyet thresh the |
paniéle'dfnfhat’sheaf; '
ii ) The-tquﬁe of the cylihder reached the maximum value at
the pdsitionléf'quértef iength‘of the cylihder. This indicated
that part of the panicle of thé binded ricé plant’ was fed °
into the threshing room after the root of rice was conveyed
by the“chaiﬁ,aﬂdjwés ‘spreaded out by the resistances of the
thréshing teeth,
iii) The above mentioned makimum threshing torque was 1.5 kg-m
and'continuéd for O.ESISeé in case of the dried rice and
2.0 kg-m and for 0.95 seé in'éase‘of the green ricé{'réSpec—
tively. This indicated that threshing of panicle was‘cérried
out at tHése intervals. The differences of the values of these
maximum'toréues and'fhé intéfvaléléf duratiéﬁ of these values
repreéeﬁted Ehat the éﬁerQy”démaﬁdéd fdr'fhfeshinéjgreén
rice was higher than that demanded for dried rice. 7
iv ) After the threshing” torgue reached the “maximim value, it
décréased to 70 pefcént:df the maximum iﬁ"éaéé'df threShing'
dried rice and 75 percent in case of green rice, réspectively.
Théselthreshing torques continued until the binded rice plant

finisheq to'pass‘thfcﬁgh tHé'thréshing°room."The ﬁhénoménon
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that these torques continued after the end of threshing:-
might be caused by the load to thresh the straw which was
él¥¢¢dy'threshed.
and the fact that its value was 1.0 kg-m in.case of threshing
dried-rice and 1.5 kg-m in case of green:rice, respectively,
indicated that the resistance of the dried straw was smaller
than that-of:green. |
v ) In Fig. 3-12 ( 1 ), the threshing tordues are represented
by the solid line and chain line. The averaging interval of
the chain line,was'onefhalf of that of the:solid ‘line-and
as shown.by these two curves the curve with the shorter
averaging interval represents the details of the fluctuation
of .the torque. That is, it showed the heavy load at the
beginning of £hreshing;
vi )  The torque of the threshing cylinder shaft.increased
more than those of ‘the electric motor and driving counter
shafts. This meant the existence of the compensation.of power
due to the mass moment of inertia of the electtic motor, -
that is, the prime mover was not influenced by .the load-
fluctuation.
vii ) .It was presumed that the fluctuation of the supplementary
threshing cylinder (-2nd cylinder ) appeared behind that of
the threshing cylinder, but the former showed -the low value .. -
and imperceptible fluetuation, then it was revealed that the
Supplementary threshing cylinder was ‘hardly acted upon by the
loadiin-case,of threshing the binded one-sheaf of rice.plant.
viii ) The torque of the:shafts of the .grain fan, chaff dis-

POsing -fan and the screw conveyer ( this is not shown in-
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Fig- 3-12 ) showed the low value and imperceptible fluctu-

ation,
concluding Remarks

In order to obtaln the fﬁndamental knowledge-of the
threeﬁing device whlchvEMSthe most 1mportant functlonal element
of the combine w1th the head- feedlng type thresher, the
experiments of the etatlonery head-feeding type thresher were
P?Qducedi It was“revealed thet pgwer ;eggi;e@ene ef eﬂegthregh—
ing cylinder was fairly low upde;_the,oxdinary gpereting |
condition and the threshing process had been e}ﬁest %inished
until the binded rice plant reached ehe m%ddierpeinf ofrthe
threshing cylinder..If the mechanism‘of theeeﬁingrérocess is
analyzed in this manner from a practical viewpoint, the investi-
gation into the shape and the optimal arrangement of the thresh-
ing teeth may become possible and the threshing cylinder will
be improved. Considering the method for feeding rice plant
to the threshing cylinder of the head-feeding type thresher,
the relationship between rice plant fed into the threshing
device and the threshing torgue corresponds to that between
the integrant and the integral, and it is expected that the
fluctuation of the threshing cylinder torque will become smooth-
exr thanthat of the layer of rice piant fed 'into the cylinder
by filtering effect. This effect was clarified by the characte-
ristics of the smoothed fluctuation of the torgue obtained
for threshing binded rice plant. Thereforé in controlling
the threshing torgue of the combine the characteristics of the
input are different in both cases for detecting straw layer

thickness ang threshing torque. It is desired that the quant-

H
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tatiue‘reiationship between the;fluctuatiohs oF straw{laper"
thickness ahd‘threshlhg torque are analyzed.

The power'requirémehts of the other-functiohal
elements were very low, but there werenmny problems Wthh should
be solved 1n future, for example, cleanlng and conveylng rough
rlce adhered water drops. . B | -

It was found that the small thresher used for
experlment had also the mutual compensatlon ‘of the power, “and
thlS will become the problem of the optlmal power matchlng
which w1ll be ‘the construction of the power transn1551on‘

system utlllzlng the power of the englne effectlvely.'
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3-3- Dynamic. Characteristics of .the Loads of the Head-feeding
Type-Small Combine **i*

- In the preceeding section, namely 2~3, the operating
performances, the relationships between feed rates of rice
plant and.- the -power regquirements and the power distribution
pattern of the individual : functional component of the head-
feeding type small rice cémbinegwere clarified. But. these
characteristies-of-the combine loads.were discussed only by
means of -the averaged values of the torgues of the -functional
elements therefore it is necessary for:-the further develope-
ment.such as the automatic control of the combine that. the
dynaﬁic characteristics of the loads is revealed.

In this section, by means of the relative frequency
distribution curves, theé power spectral density functions and
the moving average methods, thé dynamié dharacteristcs of the
torques of the main functional elements will be discussed.

The principal deScfiptibns of the experiments were
given in 2-3-1.

For the combine B, the torques and speeds of the shafts
of the components which reéponded cleérly to the fluctuation
of feed rate were measured.-r

In order to investigate thérfluctUating feed rate
due to the natural‘fluctUatioﬁ_ éf planting density of rice
Plant in the field, the change in the straw layer thickness
of the rice plant»fed'into-the~combiﬁe was measured by the
phosphor-bronze thin cantilever
on which the strain gages were bonded to detect its deflecti-

Ons. This cantilever was set up parallel to the chain convey-



er immediately after the.cutting device of the, combine A and
the deflection of this cantilever was considered zero when
;ﬁeﬁétr§WjW?s’?9?'COPVéYed-bY;#he.Ch?inCQHYGYeF:f
343:1~quémic-Charéﬁterist%¢5;¢ﬁ-Ph?~?°§%9€s-9?Ea?h

Functional Element

L

... The amplitude of the fluctuating. torque at individ-

ual component is of significance from a view point of the
fatigue strength and the. vibration, so. that for the.combine
A the. torque distribution curves of the shafts of the gompo-
nents which transmitted relatively.higher loads were. obtain-

ed-and the resplts. are shown.in Fig. 3-13.(a ) and (b ).
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m this figure the verticalline under each curve represents
;esdnean.walue? The;torgue-frequency distribution curves
excePtthe q_eng_ir_ze and travelling shafts were approximately
normelr put the;frequencyjdistributionmgurvegoﬁ “the;travel—
llng shaft Wlll be dlscussed later. The curves of the engine
were skew. ThlS mlght be due to the max1mum torque whlch
ocoured at the ignition time of the engine.
o In order to dlscuss the dynamlc characterlstlcs.
afuthevthreshlng dev1ce of the comblne A experlments of
espe01ally hlgh feed rate were conducted.:Rlce plants were.
fed w1thiﬂw>steel bars between whlch the parts near. the roots
of rlce plant were held for contalnlng the contlnuous and
can,t%n?,SFr-aW‘ layer,thlck.ness, simulating the combine opera-
tion Further,_in order to discuss the influenCe'of-the thresh-
1ng functlon of the cyllnder torque,‘the length of the rlce-
straw in the threshlng dev1ce was. varled andit@@,ﬁh¥?§h@dm;
straw was fed agaln into the threshlng dev1ce,,so that the
net re51stance of the straw to the cyllnder was measured The
average power for threshlng and the power. spectral den51t1es

of the threshlng cyllnder torque were computed and the results

-lcan
C r I}: "n[‘g
Feed Reje ﬁ' ::d Foozr

-are“ shown ln Flg. 3 14 4 L Lt A Ok g 2y
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py: 30 percent than: in" test.A though :Ln test B the feed rate
was below of 25 ‘percents
| . - In test €, the power decréaséd to -oné third of -
téStGA,;These.showe& thatlthe-resistaﬁdévof ﬁhe straw to the
threshing cylinder was fairly large. - 0. o

+ pedtnIn the power spectra, -the peaks @t 6,;,16;24,48,72
and. 100 Hz were found' indepenhdent on’ the “experiment condition.
partiéularly;.aerémarkable‘péaknét¥24¥ﬂifmight»béﬂdue to the ™
forced vibration by the reciprocating motion of the unbalanced
paxt‘dfiﬁhe enginey; becausé the engine speed was approximately
1450 rpm ( or .24.2 rps»);”théréfore“thé~main compbnents of
the fluctuating cylinder tordue consisted of tﬁe torsiconal
vibration of ‘the endine .crank shaft, its harmonics anaféﬁbharm~
nicsxwérehnot;likély'influeHCEdbe théithreshing funcéi;n,
3-3=2 Smoothing Effect of ThHreshing Device |

In. case of-smdllmriCé‘éombihe‘df-head—fééding type,

only- the panicle ( head ) of ri6e plant¥hfe_fed'into-£he
threshingwdeviCe?ithhaléngitﬁdinaii&irectiaﬁta the thiesh+
ing eylinder ‘successively, Sb'thd%*%hefréiatioﬁ;petween“;he
rice ' plant fed to the eylinder and thé3dy1inde¥.torqué_is-
similar:to the relatioh betweén the integrant and thé integ-
rated. value as discussed in 3-2-2. Theréfbrea‘it;may be "
thought £hat:the feed rate fluctuation below a cetain éuantity
of the wave length does not-affedt'theFtorque"fluctuatiéﬁiof
the"cylinder;cThatfis;*itJmay_be*supposéd that the threshing
device of the small rice combihe of- head~feéding ‘type
may act as the low pass filter. So the féed rate Fifictuation

which could notexist in the actual field, && showd in tésts’
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i to 8 in Table 2-10, were produced and this filtering
phenomenon was discussed. For example,; the periodic sguare
planting density with the wave length Qf approximately 1.2 m,
the average planting density of 2.4 kg/m
in two rows and the planting density amplitude of 2.4 kg/m
was prqduced artifiecially, the combine B was operated under
this condition and the cylinder torque was measured. The
smoothed wave form through the digital low pass filter with the
cut-off fregquency of 2.0 Hz.is shown Fig.3-15 ( b ), Because

Fig.?§:15'( a ) and ( b ) represent one

[
N

cycle of the fluctuating planting density

G
i)
=
2
o e i 24

and the cylinder torque, it 1§ immposible 3§ 06

to find out the filtered components. - £ L .

Therefore, in ordér to investigate the : ) ﬂmewﬂ)

. : a) Planiiig Density asthe Input

frequéﬁcy response charscteristics of the

s
=%

‘threshing device, the time series corres-

ponding to 40 éféfeé‘bfkthewaBOVe;mentionJ

ea WaVérwere:speéErally analized. The

Threshing eylinder torque ('I'f_q-m)

results arénéhOWh’in Fig. 3-16. From this |-
T S CL 4 &g 75 40
figure, 1t was féu " ¥ha ; 41 : Ny = _ Timeisec)
gt ! .lt was found that only the compe b).Smocthed Cylinder Torque

as the Quiput

nent 5f 0;2‘HéT6f’the fiﬁdtuating
plantiné deﬁéity affected the fluctﬁation Fig 3-15 Filtering
Of the cylinde¥ torgue. Therefore, the Effect of the
eXiStehcé”ofE£héhfil£efiﬁg éfféét of the l ?hreshing-Cylinder
threshlng cyllnder was verlfled. D

o The operatlng performance of the comblne depended

£
=

the fluctuat;ng“feed"rate..'Therefore, in order to determlne
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ﬁhe degree of the fluctuation of the feed rate whiCh{ﬁﬁithe

disturbance when the combine was controlled autcmatically,

the natural fluctuation of the feed rate of rlce plant in

the actual field whichwas fed into the comblne A travelllng

dlstance of 6.0 m were measured.

The state of the fluctuatlon of the straw layer

is shown in Fig.3-17 ( a ). From this flgure, 1t mlght.be

Fig. 3-17 ( Right )
Fluctuation of the Straw
Layer Thickness Fed to the
Combine A
chbtained tﬁat thé thickness of the
straw layer had the average value
of approximately 20 mm and the
range of the fluctuation of 10 mm.
The'power'speceral
density of the time series shown

In Fig. 3-17 ( a ) is indicated
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'iﬁ Fig. 3=17 fhbuyi\rThe éeak at 1.8 Hz mlght result frOm the
rypture of the Straw layer due to the PrOJectlon of the 11nk
plate of the Conveylng chaln. That 1s, uSlng the Speed and
pitch of the conueylng Chaln of the experimented combine, the‘}
calculated frequency of thas rupture of the straw layer Wés_tu:
1,6 Hz. o | .-
Although the frequency of the fluctuatlon of the.. '
straw layer due to the Pléntlng rhterval of the rlce plantli% o
in the actual fleld Wlth 0 612 m/Sec travelllng velocrtY .j”
was to be 3.2 Hz, the peak at thls frequency dld not aPPear.;

This might be due to the fact that because of cuttlng two

i

rows theé flow of rice plant fed 1nto the eomblne was smoothed

in the conveying chaln and the ruptures due to the plantlng

interval of the crop were hldden. In the results, the renark—
able fluctuation of tne feed rate was not observed in theé
interval of 6.0 m, and the fluctuatlon of l 6 Hz could be
filtered out and hldaen by the above—mentloned fllterlng

effect.
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3-4 Conclusions of This‘Chapter .

Combirie has the complicated dynamic charactéristics -
of the load at each functional element, especially at the
threshing cylinder.-ihﬁfhisfchapter,-fpr the purpose of obtain-
ing the fundamental knowledge required for the further-develope-
ment of the combines such as improving the fatigue strength of
the functional elements and the functions themselves of €He"
elements of the"cémbiﬁé*andféontrclliﬁg-autbmatically"ﬁhe*ébﬁbinef
a series of experiments of the Western-type: small tice combine,
feeding type weré conducted and théﬂrelaEiVéVfrequeﬁcyfﬁiétri-
bution curveS*whidﬁ'ihdiéatédrthé:amplitudes of the fluctuation
of the torques of the functional é&lements; the smoothed  Fluctu-
ating torques which represénted the ‘trends of the' fluctuation
due to the uneven flow of rice pl&hﬁ fed iﬂté'ﬁﬁe“cémbine'and‘
showed the existence-of the‘ébmpensating function among the
elements, the coérrelograms and thé power spectral densities
which revealed the frequencies of the fluctuatiohs of the térques
were computed and discussed for thé individual machinei 2As a
result-of‘these experiméﬁts and.diécﬂséioﬂs;"thé*féllowing*ﬁ
were obtained. For the Western~type small rice combine; -

1 ) According to therelative'frequency»disfribution'curﬁés,

it was revealed that the torquée of the threshing cylinder -
fluctuated:overFalﬁidefrange but the distribution curves of

the engine and travelling counter shaft were not so wide and
approximately normal: ~ =~ - - 7

2 ) The smoothed waves ‘of the flucdtuating torgues showed that
the threshing cylinder torques increased at thé intervals of :

1.2 sec to 2.5 sec, however the engine torque did not so
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1ncreased'and the'Eféﬁérliﬁéttorque.decreased at these times
on the contrary. This seemed to show that because of the great
mass moments of inertia of the main rotating parts, especially
of the threshing cylindér of thé.expérimenEEd?combine, the
kinetic energies of theSe ‘parts compensated the instantanecus
increases of the loads’aththéfthreShing-cylinaef.

3 ) The ranges of the fluctuations of the threshing cylinder
torgque were wide and their" fréeguency distribution curves were
approximately normal at ‘the Iow feed rates but skewed at the
high feed rates. It is noteworthy in case of designing the
cylinder shaft that the maximum torgue amounted to 6 times as
much as the mode at the -high feed F¥ate.

4 } The fluctuation of the cylinder torgue might be caused

by the free vibration of the cylinder shaft, the complicated
system for power transmission in the coibine and the int¥icate
external forces through threshing.

5 ) Although for the.iiqhtload the force acting upon the
concave was fluctuated by the teeth of the eylinder and con-
cdve, at the heavy load the frequency of the fluctuation
teduced to a half for the light load. This phenemenon séeried
to show that threshing grains as well as cutting and pressing
Straws were carried-odt~ét-£he firét colUmﬁ of the concave
teeth in case of the light”load,'but for the heavy load the

flow of rice fed into-tHe threshing device was changed.

For thHe héad-feeding thresher, the dynamic characte--

ristics of the torqués of the main functional elements were
discussed by means of the'relative frequency distribution

eurves, autocorreliation functions and power spectra

£
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and the moving average method:.The-following results:were. .. - .,
obtained;

1 ): The maximum value of the threshing cylinder torque of the
nead-feeding thresher was from 1.5 to 2.0 times of its mode; -
and the cylinder torque of the head-feeding thrésher did not
fluctuate éQ heaVil&;ag:the“czlipder.torquefof.the Western=- %
type.smail rice-combine.,

2 ) Bs the.result- of the power spectfal analysis, the distin--
guished -fregquency of the -fluctuating torque of the threshing .
cylinder was -about-5.5 Hz:-and:those of others -about 20 Hz,
independently of load, respectively.. These-fluctuations of - . - -
the torques seémed to be peculiar ones of the.expefimented
thresher. -

3 ) By filtering the above-mentioned Fluctuations by means. -
of the moving average method-from the original oscillograms ..
which- was recorded for feeding binded one-sheaf, the fransi~
ent fluctuations of the torgue at the beginning of threshing .-
was discussed-and the .following results wefe obtained:

a ) The threshing torgue reached the maximum value when the
binded Sheaf*waSlGOnVéYed.With“the feed chain from the portion
©f 1/4 of the cylinder length. -This showed that.the threshing
operation was almost finished between thése portions and the
- panicle - ( head ) was.spread .and threshed gradually. .. .. .-

b ) The maximum values . - of the threshing cylinder torgues
for dried rice plant were about 1.5 kg-m and continued for 0.65
S€¢, and those for green rice plant were about 2.0 kg-m and
0.95 sec. This showed that it was more difficult to thresh
green rice than dried.

© ) After these maximum values, the torque of the cylinder
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gecreased to 1.0 kg-m fori-dried rice and 1.5 kg-m for green rice,
aﬂd‘these'véluESicénﬁinﬁéd:untilmthe.binded*shéafrwaSutran5port~
ed‘tothe end of the eylinder. = 5w rl
i-d yafheitéfquéidf“ﬁheﬂsupplemeﬁtary threshing’ cylinder, fans"
and sczew conveyer shafts did not almest fluctuate.

iFor the héad-feeding type ‘small combine, the following:-
results were obtained:s - .. ¢ Luows
1 ) -The *relative . frequency ‘distribution curvescof the threshing:
cylifider:torque were approximately normal but the distribution
cirves of thé 'engine’and travelling shafts .wereiskew.: =
2 '} The ré&istance of "the straw . of the rice%planﬁﬁtoktheithresh—
ing e¢ylindet was fairly largei. .. Lol st mrr s ol
3 ) ThHeé-main-components of the fluctuating-eylinder ‘torque™ - ...
consisted of -the torsional vibrétiénléf~theiéhgine‘Cﬁaﬁk'shafﬁ;Ji
its harmonics’and subharmonics and were not-likely. influénced E
by the threshing conditions. S o i“;;a?,z WA
4.y Thefiltering:effect of the threshing. device-to-the fluctu-
ating pl 'a'nt_iﬁjg density was.clarified. ‘Namely; only. the .component
of 072 Hz of the fluctuating:planting:density affected. the .
fluctuation of the eylinder torgque... . . = ... oo
5 '} Remarkable fluctuationaofgthiéknessﬂof?thenstréW-1ayer”“
flowing into the combire ‘was.not ebsetved for travelling. :
distance of 6.0.m and:the fluctuation of 1.8 Hz might result
frOm?tHéfruéturészfmtheTstréwllayérfdué to the projection

of the 1ihk plate-of the conveying chain.
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Tuﬁdamental*studiesiof Travelliﬁé and Vibration
“"Characteristies of the Combine < . 7 oh0C
v@-l"TraVéiling'Charaéteristiés«éf~theﬁFull~trabked'Wésterﬁétype
Small Rice" Combine™® -

In Japan, it is necessary to decrease .the gromund contact
pressure under the combine because it must be operated on the
soft field for harvestlng rlce.-Usually, ground contact pressure
which is the value obtained by leldlng the welght of the ji
conbiné by ‘the "'ground contact area under 1ts tracks has beeur
used. However, the actual contact pressure is dlfferent frem
the above-mentlonedavaluei\Thatwls,»thevcontact éressure-under
the tracks is varied by the weight distribution:of the comkine,

the dynamic beéhavic¥s such.as pitehing. and ¥6lling: of:tha. combine
&
Y-

A}
pody ;- ‘ahd the soil coditicn on which the:cofbing traveis, =/ 7/

n‘-'

"As mentioned above, it is necessary”tordécrease the'
ground’ contact préssure, So-the travélling-device-must be the .
track- layer-system. ‘This" traek:layer system and the Teciprocat-
ing ‘elements such ‘as the straw racks seém td fake ‘thé combine
travelling ot smodth. The- c¢haracteristics of the travelling
torgueé - and the acceleration of vibration of the combine were "

spectrally analyzed. and the: interrelation ‘between thém was:

revealed in this section:® .. 77-

4-1-1" pistribution-Pattern ofthe Ground Contact Pressire o
~*inder the Combine:

. The. methods- used in the past for meéasurihg’the ground

- contact pressure distribution. were as follows; to measure the

: . D ot o~ 1 e st e oo L) g2
Verticai force?actlng»upon:the*track/shoes‘Wltnsstra;n-gagesl); )
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and to measure s01l pressure w1th the 5011 pressure cells lald

5)

under the ground 3 and on, tyre and lags PR

LR

The 5011 contact pressure under the shoes of the comblne

were measured Wlth the reconstructed trach shoe as shown in

Flg 4 1 The llnks welded on the flat shoe plate were detached

Flg 4 l
Reconstructed Track
Shoe for Measurlng

the Vertlcal Force

and-suspended hy@the ertended pins holded
by the pin~holdefsﬁat-the-ends=of the shoe'plate.

When the track rollers rolled over these llnks, the extended
pins were bended, S0 accordlng to measurlng the stresses caused
by thls.bendlng, the vertlcal forces could be known; The contact
surface of the shoe. of the experimented combine w1th the ground
was nct flat, and therefore the contact pressure dlstrlbutlon

under thlS track shoe was not unlform, however 1t was assumed

to ke unlform. Wlth the mlcro sw1tches the p051tlons of the

measurlng shoe at whlch the shoe began to contact and flnlshed

to contact w1th ground surface were marked on tne osc1llograph

and the fluctuatlon of the vertlcal force actlng upOn thlS shoe

-

between these p051tlons was cons1dered as the contact pressure

dlstrlbutlon pattern. At thlS tlme the torques at the travelllng

Counter shaft and the acceleratlon of vrbratlon at the rear of

L . . e - “ . e —

the comblne were measured.,

The fleld used for the experlments were the same as
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rests No.. 6 and 7 ( see Table 2-2'on page-ll ). Because the
riceuplant‘to;be"harvested-WQKQrkpdgédﬂperfgatlzf;q@tting;c:a:
ﬁeightfraﬁQEd'frpm 7 em to 35-em:and was 16 cm-on the average.
The soil in the experimented -field was silty loams The soil...
pxessureadistributionLpattern;weng’m@asureﬁ;Qn the soft and.
hard ground .conditions. The specifications of: the experimented
combine were given in Table 2-l.on page 7... ..

- ..cIn Figi -4+2, the: contact:pressure distribution.. . .
patterns.measured by the abovermentioned method agd}cqgggﬁiOns

are-shown. The solid line represents the pressure distribution

| ; b

\TDonosoavosaas) ™ = =

1100

T 0.5 »-|200

C i on sofper L
. == on Harder Land.. T
- 1400

kg iomt L ‘ Tl oLl U500
kg

(300

. Contact“Pressure”

A;Verﬁical Forée

.. Fig. 4-2 Contact Pressure Distribution Patterns
- under Tracks of. Combine
on the hard’ground and the dotted line represents on the soft
groun&.hThesewlines‘were‘drawnchnSidgging.thewchange‘in,the
vertical forces acting upon the- reconstructed track-shoe with
time..caused: by travelling of- the combine as the geometrical
distributien of: the contact pressure. Ehgref@regthe~éhan9e-in
Thefvertical1force%under.att:a0k+§hoe:mightghefHifferent £rom
‘the:actual pressure-distribution which had to be measured- at

‘the same: time with all. the. tracksshoes reconstructed to. .. -.+
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measure the forces as megtiQnea abéave. ﬁowever,ﬁbecatse the .
average contact preSSure~ge;culeted from this figure was‘abeut
012=kg/cm2 which was a}mOst egqual to the contact pressure
calculated from the weight and the contact area of the experi-
nénted combine ( ﬁamelyfgﬁg}=kg/cm2 ).then the change in the,
vertical force under one_of.the track-shoes might be consider-
ed as the forece distribution aleng the tzeckeshoes. ThQ‘EIQSSUre
distribution pattern obtained_by_this method was :similar to.the
influence line of the beams-Caused b¥”thettpagelling load
system.

From this figure it was thieeQ that the maximum
pressuré appeared under the front part Qiﬁtheﬁt;egkuteyer and
its values were from five to sixrtimesjaf.the avereged contact
pressure; that is, the coefficient oﬁ pressure-Canentxatiqn
w’és from 5 to 6. These peak val_-ues_; of the pressure might be
caused by the fact that the track-shoes had to deform the
soil when it began to cpntact_with the ground. The pressure
increased slightly under the center of the track layer. The’;'
aspect of the pressure dlstrlbutlon under the comblne waS*verf
différent from that under the tractor to whlch a drawbar 1oad

2),4),5) and 6)

was applied . This phenomenOn might be due td-the

mentioned above and the center of gravity of the experimentea
combine laid toward the;frqnt.

The pressure dlstrlbutlon on the soft ground was .
Sllghtiy smoother than that on the hard ground. )ﬁﬁls mlght be

caused by the difference between_51nk1ng.depthes of the track-

shoes,
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ion pattern for the good ‘traficibility on“thé s6ft ground.

° hete was ‘AOE & ¢lear relationship between the posi= "
cidns of the peaks of the pressure diStribution and the track’
sollers. This might be daused by the fact that thé pressure
distribution pattern obtained by the method mentioned in this
soction was similar to thé influence line of the traveliing -
losd system and the efror was produced in medsuring the posi-
éidﬁs'6f>theftfaékééﬁéééVréféfiﬁeféd”tﬁe‘ffaﬁéfof'Eﬁé”éﬂmbfne.
jii-2 Characteristics of the Travelling Torque =

The torque of the travelling counter shaft fluCtuat—
ed at one third period of one revolution of the straw rack
shaft on the stillogramzcharts; Powgr spectral densities for
the torque of thée travelling counter shaft and the acceleration

of vibration at the rear of the combine are shown in Fig.4-3.

Fig.4-3 Power Spectral Densities i R N

we-- \..__-———-‘———-1'—-—-—- .

of the Torgue of the

Travelling Counter Shaft (

dotted 1line ) and the

Acceleraticn ( solid lIine )

The experimented combine had three straw

Power Spectral Density

racks reciprocating at an interval.of

120 deg, and it was revealed that the

Frequency {(cps)

PEIiodffluctuation of the torque of the wI
travefigng.counter shaft was egual to

one third period of recdiprocating motion of the straw racks.
Therefore, the experimented combine seemed to show pitéhing

during operations because the great mass such as the straw

racks reciprocated. That is, the fluctuation of the travelling



torque was assumed to.be due to the pitching motion of the .

combine which was produced by the reciprocating motions of the

straw rackﬁ«,?Pi%gweétind?eataépin,ﬁigg,4<3,.namg;y the powers

at the lower .frequencies increased for both, the travelling

torque and vibration acceleratdon. Because vibration and

pitehing of the combine have the undesirable. effects upon the
opersting performances, _strength,. durability, travelling . _
perfornancs. and stability of the combine, these problems on. .
pitching and vibration must be studied in future. |
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4-2 Travelling Characteristics.of the Head-feeding Type Small . . |
Coﬁbine**

On the travelling device éf the small combine, there
are number of 1imi§§tion§,ﬁ$HCh;as the ceconstruction of thé
components,the soil.conditions and the case of runnihg over
a ridge to move-into the adjacent field. In this section; the
travelling performances ggqh;as,theﬁpressﬁre:distribution under
the small combine of the head-feeding type and the characteris-
tics of the fluctuation of the travelling torque will be discus-
sed for the purpose of developing. the desired travelling device
required for the small combine. The .specifications of the experi-
mented combines were given in. Table 2-6. The-track~shoes of the
experimented combines were covered with the thick rubber in .order
to travel stably. on_thgxppqgggi;y‘gq:rpn.over;the.ridge,
the driving sprocket-wheels were located at the upper and rear
position of the travelling device and the take-off angle to the
ground surface § was larger in comparison with that of the
ordinary tracked vehicle ( see Fig. 4-6 ). Sincé the driving
sprockets were located at fheﬂupper and rear position &nd the
numbers of theztgeﬁhiin,tpese-Spropkgtsrwere small, the power
transmission from.-the sprockets to.the crawlers was intermit-
tent., Thﬁs the fluctuation of the travelling torgue and so-the -
fluctuation of the travelling velocity may. ;écz.,cur_s The vibration
of the small rice combine might be caused by these fluctuations
of the torque and veloecity. :..

Although -the tracked vehicle has some problems as
Stated-abovefi;;fisﬁngg%$§§;ygtp decrease the ground contact

Pressure under the .combine for travelling on the soft paddy
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field. The experimeﬁted-comhihés had thé"abOVe—mentiOneahehara—
cteristics and requiredxthehhfgher'poWer:f@r travelliﬁg as'
jndicated in 2-3-2.

In this sectlon, for the purpose of clarlfylng the'”
travelling performances of the head feedlng type comblne, the
ground contact pressure under the track-shoe, fluctuatlons of
the travelling veloczty and torque travelling efflclency and
re81stance will be dlscussed. | 7 7 7
4-2-1 Distribution Pattern of Contact Pressure ﬁnaér”thé Combine

It is preférable to measure the vertical force acting
upon the. individual track~shoe 51multaneously. However, this
method was dlfflcult because of the constructlon of the travel-
llng‘deVLCe of the experimented comblnes, so the pressure cell
was laid in the thick rubber coating of the center of,the track-
shoe lug.

The soil pressure cell must be produced.in-oonsideré—
tion of sensibility,‘measurable.range, dynamic characteriStiCS,
direction property, llnearlty, mount of deflectlon and ease of

9)

construction 10) ,11) l%n Fig.4-4, the soil pressure cell used‘
for the experiments is shown. Under pressure.of'O.S_kg/qmz,"
Ballstenius’ condition D/§ > 1000 was satisfied, where D was a
diameter of the diaphragm-and § was deflection of the diaphragm
at the center. Higher value of D/6 resulted in lower'degree of
-deflection of the diaphragm. Thereforé, the attention hed to

be given to the problem‘of temperature éompensation offthe-strain
gages under measuring. The force-strain curve of the pressure

cell was obtained by laying the cell in ‘the rubber coated track-

sheo under the same 51tuat10n as the experlment and applylng the
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forces upon the ‘point ‘over which thé road'wheel was o roll: -
In this calibration expériment, ‘the’ track-shoe Was placed én the
standardized sapds Y7 ¢ CIELE TR o sy at e e

The expéfiﬁénﬁg'Were“dérriéGLOut'bn sandy loam paady
field after harveEtiﬁé*ﬁiﬁh”ﬁhé“d&mbiné A. In this field the
combine dépressédﬁtheﬁéoiiﬂsuffacé:approximately 2 cm-and the -
clear track brint§3cdﬁid'be~obséiﬁeﬂi B o LT

The-distributioﬁ“paEEéfniéf'the*ground contact pressure

under the small éombine is shoéwn in Fig. 455. The péak values’

: TPV . R
‘_._!'f<_i‘*f-ﬂ..-piicl7.‘r tiacksnoe Lk _
e e . R - S . | e

: Digphragm for
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sug! Pressure (gl

-
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Fig.4=4 Soii’PfeSéuEé‘é*"*Fi§L’4;5'Di§tributidﬁ Pattern of -
Cell ™ - "~ Ground Contact Pressure
of the contact pressire appeared under each road wheel’ { idler
wheel ) except the foremost wheel. Table 4-1 indicates the ﬁéan

Table 441'Chéraé%éiiéiiésﬁvéluésiof-CbntéctﬁPreSEHréimqﬂk§7¢m2

o= T g e —— P t—

i iy o U;‘der.“ the
] Mean Lst i w.

SR i RN
.; Under the | Under the Under the
boZ2nd howe - Frdiiow, rear i, w.

-

Average  (R) “o2e8 Tl 0685 0741 0.725 0.439"
Ly . @S- i LAl | 086 T 0w
Maximuin (R) ' 0.30 1.31 SRS O G 1.0t b
R G % R S | 18- S S W 2 T R 15 S I
Minimum Ry T 00 1 e Tl e
- oLy .eb 034 0 05T | 022
Standard (R) Lo0.096 T 0.380 & (S
deviation _ (L) ' .01r i 0375 1. 0.5

757
16 .
5
16 .
218
.370

I A I L

B
;

o
B )

o
54

S oS ot o

i w. : idler wheel.

values and the' ‘Beak values under each road wheel of thé ground® -
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contact pressure. Numbers of datagmere 12 and 21 for right and
1eft track shoe, respectively. Scattering of data was large,
because the ground contact pressure acting upon the track-shos
-vésﬁme%éured-AEQW%YEE?%t;Was ‘assumed tojébtéinjthé-;elééblerry
value by 1ncrea51ng number of data.t -

) Total value of the mean of the ground contact pressure

...?.‘ -
S

was 0 27 kg/cm and thls value was hlgher than the 1ndlcated
value in, the specrflcatlon. This dlfference mlght be due to
the_d;fference‘gf tﬁ?-gxper%mentﬁl-C?QQLF%OP§*°RTth?,ﬁtandar@‘,
ised sandﬁand_on the field of,sandv,lcam‘as:wellraszthe;positlon
ofthepressure cell, The contact Prs$$ﬁrégeﬁ 00k9/cm2mlght

be caused by the 51tuat10n at whlch the measurlng track shoe vas

located unexpectedly just over 1

lelhollow It is notlced that
the ground contact pressure under the road wheel ranged from
three to four tlmes of the mean value in average and reached

Six. tlmes of that 1n max1mum That 1s, the max1mum coeff1c1ent

of pressure concentratlon amounted to 6 0.‘

4-2=- 2 Characterlstlcs of Fluctuatlon of Travelllng Veloc1ty and

] Torque | N | L
With respectﬂto the fluctuatlon of the travelllng velo=
city of the tracked vehicle, Lwow-obtained.the velocitv of%a |
point A 1n Flg. 4-6 on the assumptlon that the crank OB and the
slider A composed the sllder crankgmechanlsmlz) Woelke" had
IEgardedthe p01nt A as an’ orlgln of a coordinate system and ;

Obtalnedvthe velocity of\the point O as the function of the

angle a. He obtained the following track-shoe velocity.

- SRS ~Resina o
V= -chosa + ( h - R )coSu S - ( 4 l
e R ST Ch s Reosa ) 11/2‘
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where cwtEVda/dt Candt 1o ‘AB
rhus it may fairly be presuiiéd-theoretically that the thavelling”
velocity of the tracked vehiele fluétudtes. Tn Gider ‘tolverify "
this fluctuation:6fthe velocity, the accéleration of vibration-
of the combine was measured with the unbonded strain gage type
accelexométer*(fﬁﬁﬁefﬁd&némf6¥féﬁge*6f*lbig,*naturé17freqﬁéﬁc§*
of 280 Hz and damping ratio of"0%7 } - and the wavé ‘£6rm. of -tHe 7
acceleration'Was'féddrdéd*bh.Eﬁetoséillégfépﬁ“éﬁaft by “the*’
galvanometér-With~néturaiifréqﬁeﬁéyVOf 500 Hz. “The-atéeleration
wave was sampled &t iatérval of 0.002 ‘Séc, the highetr fregiiéncy
components above 13 Hz contained.in this wave were cut off with
the digital low-pass filter and the smoothed acceleration data
obtained were inteératéa'wi§h¢rgspect to time by the digital
computer. These infeéfatedfvalueéigave-the fluctuaticn-of=the
travelling-velOCitf.'The"éxperiﬁentS'Wére'carried out, travelling
combine B on the-pévééfroad undeflﬁhe E6nStant and simple
surface conditions.rTﬁéwresult-of«comﬁu#ation is shown in Fig.
4-7. The frequency“of’the'fiuctuétion“WASiequal to one ninth of

the angular velocity of the‘ariving sprocket shaft. This

i
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Fig. 4-7 Fluctuation-of Travelling-Veloeity © Fig., 4-6
Cerefi(Méan -Vel6@ity Ty 0042 m/8é¢ )T SRR ‘gestion of
. e oo o . Track Assembly
fluctuation was éauséd By -the inteérmittent -fransmission of power’

from the driving sprocket to the track-shoe since the number of



teeth in thlS sprocket was_ nlne. It was. revealed that the ratlo e
_f the max1mum to the mean'veloc1ty was;, l 135 for the exper1ment~
ed comblne.'The fluctuation of the travelllng velocity has direct
effects upon vibration of the combine as discussed im the latter
chapter.

- The tOrqueof ,. -..th,e— ‘dFiY%?S.e‘,:ﬁPrQEIFet;_ shaft f’lﬁictu;atse;d. at;
shaft::Tée_émP?%?gdGS 9# Fh?aé%HCtuaF%ngxt?rqe%5~9£ Fhﬁrdr;vlng
sprocket shaft can be indicated by the relative frequency

distribution curves as shown in Fig. 4-8. The combine travelled

T80} U 7 The combing. ANeiocity 0405 msE T
- Tozcu:. inaveragy right 5.83Kg-m
- . - left 81000 . e i
iy
< o R
@ T :
=
&
:l.' . 1
‘L 20
-
R - .- Lo
= 30;"‘ The cembine 8. Velocity 038 m/ses
37 TForgue in aeerege, right 382 o-m
BV t T g
[s30 ! (et 472 o+
oL EOE :
1
1)
]
! 3 1 1 L - 1 .
. e 2O TG T g 2SR

Torgue { Fgim)

,Fi9~m%-8féelqtiv? Frequency of Torgue of Driving Sprocket

Shaft R ey - L .- S [P e T g

on sandy loam paddy fleld The max1mum torque was of two to

three tlmes of the mean for the comblne A and of 2 4 to 3 2

[ES

LLLLL

tlmes of the mean for the comblne B. The modes ‘were approx1mately

P TRE

0.0 kg~m 51nce the transm1551on of power from the drmvmnc .

SPIOCket to the track shoes was 1nterm1ttent and then the torque

oA

WaS ‘not applled between each engagement of the teeth ln the

o L DL

Sprocket Wlth the track llnks of the crawler. The négative values
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of the torque mlght be caused by the inertia effect of the comblne
pody when the power transmlSSLOn from the sprocket to the crawler
was 1nterm1tted.

4 2 3 Travelllng Re51stanceranduEfflc1ency of Endless-Track of

‘ Comblne- | | " T o Lo e

The travelling performanceVis conslderably affected by tightness
of the endless track. The:ekperiments were carried out for the
combine A to clarify the effectﬁof tightneSsuof the endless
track to the travelling-efficiency. To'indrcate guantitatively
the degree of tlghtness of the endless track, it is desired to
use tension among the track-shoes. However, it was difficult
tb nmeasure the value of thls track ten51on, then in this section
tightness of the tracks was lndlcated by the loose 1ndex ( L.I. )

defined as follows.r | -

LI, =—2 "t 4 100 ( percent) T (4-2)

where Lt was. the theoretlcal length of the tlghtened endless
track and L was the length of the loosened endless track under
operatlon. For the comblne A, the recommended values of L I were
0 5 to 0 7 percent The torques of the dr1v1ng sprocket shaft

was measured for both cases Where the comblne was llfted up,
supported on therstand under the ccmblne cha551s and ldled the
tracks and where the comblne travelled on the hard sandy loam.
Let the average torque«correspondlng to the fcrmer case be T

and to the latter case be T P! then the net runnlng torque is

T, - Ts and the eff1c1ency of the travelllng dev1ce is glven by

the followrng equatlon. )
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e =—E 11000 T( percént ¥ (2-3)
O . ‘T b AR ¥ - e X . )

The relatlonshlps between the driving torgue and the loose

1ndex are glven 1n Flg 4 9 It was revealed that the idling

R s ug g e fl-'.:.’.’”'u-:-'{“ Tor W T R A ST
Luose fndex (50 Lugse inger )
- S S WA o PP S U O A R S R
(a) (b))

':Fiq. 4 9 Loose Index and Torque of the nght ( a ) ant 7
s Left (b ) Dr1v1ng SprocketShaft e k-qﬁiﬂ
torque was not affected by the c1rcumferent1al veloc1ty OFf the‘?ﬂ
sprocket 1n.the range of 0 4 m/sec to 1.2 m/sec but the travel—:

llng torque showed a tendency to 1ncrease as’ the 1ncrea51ng

veloc1ty. Thls was due to the 1ncrease of the travelllng

re51stance as the 1ncrea51ng ve1001ty. However, both the 1dllng
and travelllng torques ‘were con51derably affected by the tension
of the endless track. And 1t was revealed that the 1d11ng torque

relatlonshlps between the eff1c1ency of the travelllng dev1ce

and the tlghtness of the tracks are 1nd1cated in Fig. 4-10.

o
[~]

Ll frmysagte
——s-gb2 +

Flg 4 10 EfflClency of Travelllng

fficiency (%) 2,

Dev1ce
LB n
It was 1ndlcated ‘that’ the tlghtness 6 =
tracks affected con51derably ‘the pomoe e (8 #

Locse indes (84}
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efficiency of the travelllng device. For the recommended -
tlghtness; the efflclency was 40 percent.

( kg ) is given by

The travelling resistance Te

R}; = 75-Nt/v , - ¢ 4-4 )
there Ny is travelllng horse power o the driving sprocket

chaft and v is the travelllng veloc1ty ‘in m/sec. The values of
the travelling resistance were measured in the velocity reglon

of 0 4 m/sec to i:2° m/sec for the comblne A and in the reglon

of 0.2 m/sec to 0. 7 m/sec for the comblne B The ratlo ‘0of the
travelliﬁg'reéiétaﬁcemto'the"maChihe weight'%as 0.33 for the
combine A and 0. 2’fd}‘théfcéﬁbihe'é. It was reported ‘that the
travelllng re51stance of 25 track layer tractors on the o
harrowing field %ae'approkimateibiﬁi‘of the"traétorMWeightl4)f
It was revéaied‘that the'traVellihgireEietanee af'the'éxpékiﬁéﬁt—
ed combines was considérablyahigh:“Theéhet.travelling-resistance
was 85 kg of 0.14 of the total weight by caleculating from the
values in Fig. 4-~9 and in this section. This net resistance was
assumed to be the net rolling resistance reguired for deflect-
ing and flowing the soil under the tracks.

‘The maximum torgue of both the right and left driving
shafts required for starting the combine at rest were 91.4 kg-m
for 1st velocity and 104 kg-m for 2nd velocity. These reached
6 and 5.2 times of the mean, respectively.

The torgues of the driving sprocket shaft reguired for
steering are shown in Fig. 4-11 with the relative freguency
distribution curves. The mean torques for steering reached 2.4 to

2.7 times of the mean torques of the driving sprocket for
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As the results of these experlments and dlscu551ons,

although the track type travelllng dev1ce is necessary in order

to decrease the ground contact pressure and to be enable to travel

on the soft paddy fleld 1t must be notlced that the travelllng

dev1ce of this type has dlrect effect upon v1brat10n of comblne,

eff1c1ency of power transm1551on and steerlng of comblne.
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4-2-4 Vibration Characterictics-of the Head<feeding Type .
o .noSmall-Combime- vio e Tl e
- In-section-4-1-2; it was. indicated that the vibration
of the Western-type. small rice combine. had-the pitching motion.
which-might be caused by the reciprocating motions of the straw
racks.20)» 21)
"»mgg,aThegheadefeedingutypeacombine;hasiihé travelling dewice
of -the endless. track,; -arid the complicated-structure of many .-
reciprocating or fotating parts_such/aS‘amcutting;.lif£ihg;¢thre—
shing -and: conveying:devices. Therefore, higher degreée of vibra--
tion may-be induced to the combines These vibrations produce : -
various -problems concerning maintenance of the machine and
serious influences upon-the operator of: the combine,
IR this Section;’fo?”@oﬁbiﬁé”ﬁwfhé“ieading”¢auéeé of
vibrations will be investigated and the influences of vibration
on the operator and the~qperatihgrconditions*will.be discussed. The
principal specifications of the exPe;imented combine were given
in Table 2-6. The supplementa??ldeéé;ipticﬁs ofafhe'experimented
combine are as follows. The 3rd travelling wvelocity was 0.32
m/sec and 4th was:0.52 m/sec at.the .engihe:speed of 1600 rpm.

The vibrations were measured by the :strain-gage=type
accelerometers whose: upper dynamiec rangeS“ﬁeré?Zg,Sg;qu,f20g or
50g: These &dccelerometers were-placed on.the cutting and+lifting
blOCK,“the1chassis;of;the;combineubedy,;back;rést of ~the. seat :
and the;gperatorfsjback:aThe>accelenometers on the chassis .ivere
as apart as: possible from:the center afﬁgravityqu;thexcémbine
in order: to ‘detect the pitching, rolling:or yawing motion due:, -

to the intermittent  power - transmission from the.driving sprocket
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to the crauler. All the accelerometers could transduge the
scceleration of vibration in three directions, namely the verti-
cal, longitudinal and transverse directions. The rotating .
speeds and. the .torques of, the driving sprocket shafts were also
measured. ~ :

In order to measure. the vibration under the .ordinaty
operating condition, the combine was travelled on the flat
field. But it wastravelled on the paved road when it was nece-
ssary to discuss the situation when transporting the combine,
to make the travelling conditipn simple and to avgid the absorp-
tion of vibration to soil.The experimental conditions are indi-
cated in Table 4-2. -

Table 4-2 Experimental Conditions

R Travelling Measured dbjects

1. On the field E Stop 'Cinbih@"; qu_y )
! Travelling at the 3rd speed Cutting .and: lifting block
Back rest.of the seat
Coinbine operator

“Travelling at the 4 th speed

2, On the asphalied Travelling at the 4th speed
pavement ‘1 With -driving axles shifted . Combinc body

a half pitch }

With non-shifted driving axles

¥

Since the f:gqggnéy and rhase characteristics of the
combination of the accelerometers and the recording galvano-
meters were very important, before the travelling experiments
on the fieéeld or road these chargg}eristics had;;o be clgrii%eg.
by exciting the accelerometer with the sinusoidal input of the
known amplitude-and -frequency and;fecording the output of the
acclerometer and the galvanometer on the oscillogrph.chart.

The sinusoidal-input.had the magnitude. of 0.2g and.thewf¥?qﬁency

©f 5 Hz to 400.Hz. The frequency and phase characteristics of*

\
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the instruments.-obtained by@ﬁhis'methgd'arefindicatédfin1Eigg4412_
The amplitude Iat2053;WerEwlaﬂiwithin,themfréquencyarahgegof
40 Hz and the phase;shiﬁtszwere'qreat;evenwat 20-Hz. Therefore
when the vibration..characteristics of higher. freguency than
50 Hz were to be discussed upon the: wave -forms on the oscillc-
graph chart, these.freguency ccharacteristics had to be congider-
ed.

Results and Discussions
1 Analysis of Vibration in Combine. Body

The acceleration data were spectrally analyzed in this
section. The power Spectral densities. of the acceleration of
vibration dn three ditrections of the ¢ombine B; which £ravelled

at the 3rd velocity on the field and. of which all elements were
| 22)

rotated, are shown in Fig. 4~13. .
7 —

T

L ——vertical f
—~longitudinal il

- ' ==z

aAnsverse , g

05 -—=e Amp. | 52 arcelsromeier
| e PhaseN g 5o Bz NE aalv:
——aAmp. (bandeu' i
=L Phgse \ and 5o Rz imgalvaly,

(unbonc_:'cd fype

Phase shift

Amplitude fatio

Power spectral density (g¥/Hz)

Oy T 6 G0 40
FrequencyiHz)

a0
Frequency (Hz)

Fig. 4-12 Bode Diagrams of Accelerometer Fig. 4-13 Power
| and Galvanometer System . Spectra of Vibration
The peaks of PQWeEMOffthexagcelexation-Wereiéééé£ﬁ§§;a£ the
frequencies of 5 .- 6 Hz; "52 Hz.and at their multiplied.
At first; the low frequency, such as 5 - 6 Hz, compo=
lents will be discussed.. As mentioned-in section 4-2-2, the

- ) *
#ravellinq velocity of . the. tracked vehicle was not constant
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according to, geometrical analysis of kinematics of the endless
exack- Therefore,. the pertod of the fluctuating velocity can
be calculated from the values of the angular velocity of the
ariving sprocket and pitch of the endless track. When the combine
ttavelled at 3rd velocity, this period-was 6.06 ﬁz since the
dr1v1ng sprocket had nlne teeth. Namely, the peaks at the frequ-
ency- of 5 - 6 Hz ln Flg.%4 13 was due to the fluctuatlon of the
travelllng ve1001ty.ﬁ ot '

Although with the analysis of klnematlcs of ‘the end-
less t;ég%ikthe,flugtgetiehrof the travelling velodity was
presumed to be in longitudinal direction, from Fig. 4-13 it
becemeﬁghyipge that there also existed the lower frequency
CQmpehehts‘gt_yihhetipgr%h vertical and transverse directions.
rhigr;gﬁg;;ye;t;qe;,qgmponent of vibration might'be‘caused by
the_ﬁect_thetJtheeghgerJ;oller in thettrack:aSSemblY'was_ratsed
e littie W;th_the upper sp;ocket and then pitch acclerations on
the combine were observed..

-.RThe exPerimenteﬂ gombine.had‘independent twb.driving
sprgcketvehafte'wh;ch were cgnneeted_through'the clutch-brake
Steering e;stem,‘Sinqe.thevchutches_qglthis‘system was a jaw-
type, the torgue was not 'E,t_“l}i;y.;jsf ‘transmitted in phase from the
Fight and left drivexgpggcketﬂtoVthewriéht”and‘left‘traekjshoes
pqwer spectra erv;bretlen of_the:cgmb;nelcor;equhd;hg tp_the
case where the phasewéifference.of_ehgagement,gfwthe_sprockétyj
and the track- shoe between tne rlght and left travelllng devzces

existed and where the phase dlfference dld not EXlSt are. shown

1F-Flg.‘4—14.‘The_pheegvd;fﬁe;engﬁ‘Washa@JuStEd to be a half



pltch of the drlve sprocket namely 20 deg. When the abovew.w
mentloned phase dlfference ex1sted bétween the rlght and left
drlve sProckets, 1t was presumed that the comblne mlght yaw

about the vertlcal axis. ThlS is indicated in qu_ 4-14 ,that

is, the peak of power spectrum of vibrationin the transverse

direction at the freguency of 2 -
vertical |

12 Hz ( = 6 Hz x 2 ) which was ——— longitudinal._
. V—==—"{ransverse
(whensifted)

grown when thé phase shift A ‘
-e—=—transversel| £\, _(1 !
tnon-=sifiedy! \ l‘ '\

. 1

existed was more remarkable-

than that of 6 Hz which was i

grown when the phase d1fference~

did not exist, and than ‘those of

Power speclral densily (g7Hz)

12 Hz in the vertical and

e

5 515

longitudinal directionms. B Erequency (Hz)
These phenomena indicate that =~ Fig. 4-14 Power épectra of
the low frequency vibration - Vibration of Comblne

in the transverse dlrectlon is con51derably 1nfluenced by the
phase‘dlfference between the rlght and left-dr1v1ng sprockets‘
and'the coﬁbineimay paw ebout the vertical axis.
:The'enéfhehof‘thehexperimented{cOthheJﬁes of’ehfour-
stroke cycle end‘had the vertical one cylinder;‘itsﬁspeed‘was
1550 rpmﬁunder'thehexperinehts. sinbe‘££éivibia£ibh”3§:£hé
engine was caused by 1nert1a force of the re01procat1ng parts,
the frequency of v Hz and 1ts multlplled were assumed to be
remakable. The peaks of 52 Hz in the power spectrum of vertlcal
vibration in Flg. e 13 resulted from the englne; The englne‘}'_

was dlrectly mounted on the comblne cha351s; therefore the ant1~

Vibration | supportlng should be con51dered.
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zi¢ .. The eutting and lifting block was jointed to thé combire
body with a Divot €6 aajust the citting Height of rice plamt.
teis indicated in' Pig. 4°I5°that’ thé components of 5 - 6 Hz
4nd 52 Hz wére ‘§imilaFly réfiarkable“as the vibration of the

conbitie - cHassis ékcept the peaksat 20+~ 30 HZ wére observed.

<) ’
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Fig. 4-15 Power Spectra of'Vibraﬁiah‘cf‘Cutting.aﬁéﬁ
Lifting Block of the Combine Travelling’r‘
| at 3rd Velocity™ -

This: ¢omponént of 20~ 30 Hz might be ¢aused by the lifting
an&ﬁréeiprbca%ing‘mo{iOns of’the-conﬁéfiﬁg and cutting devices.
2 Effects of Vibration on Operator

It his beéeh revealed in the preceding part of this
section that there were various vibratianswin,fhe §Qm§§§é
body excited by Various sources. Therefore the dperator is
always exposed to mechanical wibration which«wili.&éﬁséitﬁe
fatigie of the opéritor " In"the reference ZE-};ftﬁéﬂgé%éaaé

the driver ‘disturbince 'on°the concrete road, vertical accelera-

tlon at griver’swaist level and truck driving over varieus tast

Cources and 't 77U average Vertical acceleration and fregu—

ency distribution hefsath the Seat of a farm tracter on the
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fleld were glven. o

In order to lnvestlgate the frequency characterlstlcs,

transmLSSLOn ratlo of acceleratlon and the magnltude of v1bra—

tlon, the acclerometers were mounted on the upper part of the

perator s back and the vlbratlon on hlm was observed Flg. 4-16

lndlcates the power spectrum of v1brat10n on. the operator ln
case of travelllng at 3rd veloc1ty on the fleld.IIt was revealei
that the power of v1brat10n decreased remarkably in the region
of the hlgher frequency than 20. HZ.‘ThlS shows that the human
body is a system which has hlgh damplng factor as a vibrating
model. P o o 52 .

Fig. 4-16 PowerfSpectraof Vibration of

Combine Operator’s Back in case

T

of Travelling at 3rd Velocity

on the Field-

T T T CTTT

Since it was. interested and useful

Va I
ANSYeETET

Power spectral densitytg¥Hz}

to investigate the detail of this absorbing
- PR . . Vivertical

YT TrrTiT

at the back rest of the seat Slnce the

i . e e o . lengituding.
characterlstlcs of the human-body, the trans- £ tiorg
¢ ic 20 30
‘mission ratio of acceleratmon of the human e FrEGuency (H2)
body were calculated. Flg. 4 -17 shows
. o | |
Fig. 4- 17 Power Spectra of v1bra— gfair T I
- Lo -"-_-ii’fﬁg {sinal L
tion of Back Rest of the Comblne el L W L
Uy = ) . L b
S o A
SEat o N 1\ \;: .f.- §\A
P P o S L 5 e T
the power 5pectra of the acceleratlon Y h»;\\ﬁ' LAY
‘,9’7[6‘ i ——W ud 'l‘.f'
5 f 'ﬁ ) '
.2 :
o > -
&,

IR Y R S R T A T

OPerator S seat of the exPerlmented Fe¢wmywu

combine was just above the englne

and was supported by only four small | e
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hard rubbers, lt could nOt be exPeCted to absorb V:Lbr ation and
the seat Vib;apiegxwes;eeused by‘the;d?;v;ng,epdlessﬂtracksuan&
espesially by;uhe:eggine, From thése power spectra of the acce-
jerations at”the seat and the operator’s back, acceleration
transmission ratio of the operator could be obtained. The rela-

tionship between the poWer sPectral densities of the input and

output is given by the follow1ng equatlonSIG) 1 17)
P E£) = |G (f )|'2‘x5P LU (4+5)
Yy e T Txx : -
Pl £ = € () £ P CE)  (4-6)
where Pyy( f”?‘} Power Spectral Den51ty of Output

'le‘fwi, Transm1551on Ratlo or Galn of Frequency

u Response Functlon of the System

Fax! £

-y

Péﬁéﬁ Spectrel beueiuykefﬁiuéut

ny(rf {”; Croes Power Spectral Density of Input

.and Output
Eg. (4-5) contaius only the-gain‘factor e (£) , while
Eg. (4-6) is actually a palr of equatlons containing both the
gain factor and the phase factoer.- Slnce 1n this study, the
phase factor was notfuseful; only'the‘galn factor, namely the
transmission ratio was calculated. Fig. 4-18 indicates the
acceleratlon transm1551on ratlo in the vertlcal dlrectlon
calculated from uueavalues in Flg 4= 16 and Flg. 4-17. For
reference, the:geta(glyepkpng; Oshima are indicated in this
18) KN A

figure . It was, found that -an-acceleration transmissibility
.

in the experimented human: body 4n sittihg was ‘8" Hz, while &€ -

-



110

waswxéEﬁrtedehat:foﬁvtherSitting man the first resonahce

wasmbetwee#«4<§nd;6;Hzaand for the standing man resonance peaks

occured at about 3, and 12 2. 1%

——— . il
A e JbyOSHIMA

L+ Atcelet dlion  Ritio

o

- ‘2c
Frequzney (5

Fig. 4-18 Transmission Ratioc of the Vertical Vibration
Acceleration of the Combine Operator in Sitting
The magnltude of acceleration on the 0perator versus
its freguency has been considered to examine rldlng comfort.
The magnitudes of the vibrations averaged ten cycles on the

oscillograph charts are given in Fig. 4-19. From this figure,

: O vertical __"! g N t
. O Oilengited: 1l
Sty 02g } rar .J&l.s,l P

Frequency (Hz)

Lion oo

1 - -1
LA 032 a52 Stop' Tntole* able
Travelling speed Ur/s) acceleration

Fig. 4-19 Averaged Peak Accelerations of the Cembine

Operator and intolerable Accelerations by

D;E.-GoldmanlS)

it was obvioﬁs that the operator suffered from vertical vibra-
&

tion of magnitude about .5 g at 5 Hz ( driving at 3rd velocity )
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and of, magnitude . about-1:0 g at 8 Hz ( at 4th velocity ).
somé'infoxmatignﬁImqubggnﬁgiyen,On comfort apg‘tglgr@ngei_?

1eveisl§lyan&:they:inéicaggd;thewvalues,of“044:gaat 5 Hz,

0235 g at.8/Hz;and0:5 g.at: 52 Hz. Therefore it was revealed
that-the operator;of-the experimented combine suffered.from
the low- frequency vibration which exceeded the physiological
1imit .magnitude.of-vibratien. . -

:°- From'the point. of view of ride comfort and operating
ngfo;mancey-iiﬁis“ngcessary to improve the travelling device
of the endless track-type a#d anti-vibration. support of the

seaty, o oo e rmEm nme I e

- .
R
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4-3 Conclusions of This Chapter
o ?Vcomhinggﬁgsgd;;n-gapgn are.required to decrease the
ground contact pressure because they must be operated on the
soft paddy field. and they are of small size and have many
rotating and reciprocating elements, then'have complicated
éépillating_motions when they are.operazgg¥ The gxperiments
were produced for the purpose of revealing. the above-mentioned
travelling and dynamic characteristics. And the following.
results were obtained.. ... ... .: -

-+ - For the Western-type small rice combine,
1 ) The contact pressure &istributiqnaPatternf@nder:the_iull
track combiné-was.neVergnifqrmﬂmhe,maximum_pressure was . ..

observed‘unde:_thewgprg pﬁ¢the,tnacklgontacting with soil,

and rgached_tq 6 timesjgf_th§¢ayérage pressure.

2 ¥ The torque‘of the trave%}ngJpQunt§t shgftmﬁluqtuatgd _

periodically with pitching of‘tpg_goqbip§~b9dy-wyiph,waglgd,,'

caused by the,reqiprocating,mo;ignsggf thejst;awixggkg,i”
.For-the:heédjfeedingkg%pe small combine,

1) The ground contagp_greggg;g qist;ibutigps‘méasgredmbg;_

the,pressure.cgll léid in the rubber coating of the track-

Shoe were not gpiggfm{tmhgmpeak values of‘tye pressure appeared

under each roadswhee}ngqept,the,foremost Wheela_rhe.maxgmum

value of the p;ggsurgﬁﬁasjsrtimgg of the average pressure.

2 ) The travelling”tgxquMan§ VQ10city;fluctuated_gt,ﬁhe;i..

frequency equal to one ninth of the angular velocity of the

driving sprocket. shaft. This fluctuation was. caused by the

intermitt?nt:?Fﬁ?ﬁ@i§$¢93;@f;P9W9? from the driving sprocket to

£

the track-shoe.
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3 ) It was revealed by the relative frequency distribution
curves of the travelling torque that the maximum value of the
travelling torque reached.3 times of the average torgue and - -
‘the mode was approximately 0.0 kg-m because of the aboves.. .
mentloned lntermlttent -power transmission of the travelling :is
dev:. €= . - covtrs veuhes wor
4) The efficiency of the travelling device, especially the
ariving sprocket and track. system,.of the experimented combine.:.:
was remarkably low, namely ranged from 0.1 to 0.5, and was. -
considerably affected by tightness. of. the endless, track...-
5 ) It vas revesled that the forques of the- driving. sSProgkets -
were required to be large for steering. Namely, the mean. torque
for steering reached 2.7 tines of the mean torque of the
dr.iv.ing Sprocket for travelllng
6) The lower frequency vibration.of the head-feeding type
small combingﬁ-yva_it;c):gg:s\ed by thefluctuat:LOn of. the travelling
velocity due to the intermittent power transmission from. .
the driving sprocket to the track. . - ... .iv o elanig
7) The higher frequency vibratien was caused mainly by the
engine vibration... —
%) The operator on the experimented combine suffered very.
'uncomfortabl_e‘:‘,vyj,-@:r_af;jz,gr_i ,o;f great magnitude acceleration.at . .
sasy transmis%%b%%wiregqency range from the endless track...

As, %he results of these experiments and discussions,
it was n_eces{saﬁré{ &tQt‘ileJp‘];‘;_O\Eg the ;tzt;_gyelling: device.of ‘the. R
mall combine for ride gomfort of ‘the operator, strengh- of

Machine and accurate operation of combine. = .
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| | Automatlc Steerlng of Comblne
‘ In the paddy fleld the row of riece plant transplanted
by the'ﬁachlne meander randomly-and the combine must be steered
crequently when Harvesting in such a paddy field. Therefore the
_automatié'é&ééfiﬁQ“é&éééﬁ:fér“tﬁétcombiﬁe must’bé develoﬁed“forff”
Full aﬁtomatiéVﬁéiééétiﬁg.

The aﬁféﬁdfié“étéerfﬁg.éystém presented here had tested
two klnds of sensor, one of which detected row of rice plant -from
both 51des of the oW by contactlng it and” ‘another ‘of which
detééted-rdﬁ3ffoﬁl6nefside;”in order ﬁd“eﬁsureﬂéteerihguaccﬁfacy,:;
the formerbsensof;consisted‘of"the*double sensorsf-nameIY"mainri”
and supplémentary Sénsors ‘and the eléctric-circuit of the ‘main -
sensorlhavinéitheﬁchafactérfstics of ‘delayed reversion to the -
straightAtrareiiiné'toﬁréaiiéérthe'steering:snch'asithe‘manfs‘
steering of the“ééﬁbine:*Thé obﬁecthof the automatic steering
system dlscussed in this chapter was to correct the course -of
the comblne-whlch harvested in the‘fleld travelllng stralghtlyf
but was not designed to tufn &t the ‘end of the field and to
enter‘into“theﬁﬁﬁharéested‘rowgnoffricé”piant;"?

o In ordefﬁto'simplifyvthe“eiperiﬁentalicohditiéns; £O
enSure"the*reéeatabilitysdf'theﬂeﬁperimentsvand‘to reveal -the
fﬁndaﬁén£51”§£8biéﬁéiS%Hé éﬁpéfiméﬁés*wére produced“only*for
the art1f1c1ally planted Yow of plant in“sinusoiddl form.' -

| Wlth u51ng “the results ‘6f these fundamental experiments,
~thelfactors;affe3tih% théaihfiﬁenCes upon the‘stability and -
accuracy of the stéering System were discussed. T
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5-1 Experimental Apparatus " '
The prinecipal descriptions of the experimented combine
are given in 2435 =17, The steerlng devmce consisted of the side
clutches ,which drove the sprocket wheels for travelling and

were dlsengaged by pulllng the steerlng levers and the side

brakes whlch Were applled upon the sprocket wheel shaft by pulling

more the steerlng 1evers. ij tm; fr"‘xT

Thed many detectors of the automatlc steerlng system

for the agrlcultural machlnery whlch sensed the 1nput have been

- 6),1and the system represented 1n thls chapter had

proposed b

the lnput detectors“whlch sensed the row of rice: plant by touching

it since thls contactlng detector could be made ea51ly and operated
surely. The construction of the sensor whlch detects the row of

rice plant. from both 51des of the row 1s shown 1n Flg. 5-1. It

consisted of the contactlng llnks and the sllders._The hydraulic

Circuit was controlled by the Ton= off of the electrlc circuit

which were made and broken by the merosw1tches actuated by the
cams flxed on. the sllders and “the hydraullc cyllnder rod. These
sensors wereequlppedat the dlvlders"9051tlon instead of the:
dividers. The features-of ‘the experlmented electrlc—hydraullc
circuit were as follows. l ) ‘The relays RR and RI. of the elect-
ric eircuit of the maln sensor were drlven. by the circuit which
had the delayed revers;on'characterlstlcs and so they had the
hysteresis. In the man-machine system, when the operator finds
Out the front obstacles and avoids them he sSteers a little

over ( namely,_delays return to the stralght travelllng ) By -

th1S method the steerlng of the c0mb1ne may be approx1mated to

the steerlng of man whlch reduces the number of steering and
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Wedge -Cam . . .
' Contacting Link

Fig. 5-1 Eléétrié-hydraulic Circuit of Automatic Steering
'4éy§Eem5§1tﬁ’Seﬁéérs Detecting Row of Plant from + -

- poth® sides of TE oo

v
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'théitraVellihﬁEaistahéewaﬁﬁrsﬁeéthes the combine movemernt. HeweVer,
tﬁé*éé%ﬁéf”ﬁénﬁﬁééhfhe“é&gtéh*£§5the élosed loop in which the
delay “time isruetermlned by con51der1ng not only the front
?obstacles but ‘also the obstacles in the steering direction.
The experlmented steerlng system was the open loop in which

:the delay time Was set at the flxed value. The operatlon

éharactéristicsﬂdf’thé“délayea'retufn is shown in Fig. 5~2,

lm & l.,; o ' = s ’ \/ , : .
) : | L?,M
1. 7 .
: d at
.o o ‘:- E:
15-—'— (- S i
i

H ;(-é )~ ” - T L ( byju

im { Current in Mlcrosw1tch Clrcult

aﬁis.' Current in Electro-magnetlc Solen01d Clrcult
Pmd;-;blsélaEement of Wedge Cam
u,jj-& ;'-Delay Time ”w~
Fig.'5-2 Operating Mode of Currents in Microswitch and
;ﬁleetro-magnetic SolendidicircultrofeMain Sensor ( a )
%andzéysteresis CharacteriStigs-ef.Relay Switch in
éElectro-magnetic Solenoid Circuit of Main Sensor { b )
2 ) In order.to avert the phenomenon that to the sudden change
in the 1nput row the sensors could not follow the row of plant,

the sensors pon51stedsof the double sensors, namely the main

Sensors LMS and RMS as well as the suppleémentary sensors LSS
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and RSS... . To ensure the actyracy of the following motion the ...
stopper, microswitches for the red of the hydraulic.actuator
were LSl and LS2 for the leftvard steering and RSL and RS2 for
the rightward steering and the strokesof the rod weredifferent

for ths“mainsandwﬁupplementary sensor citcuitsas shown in Fig.

two
of the rod for the maln sensor 01rcu1t was longer than for the4u

supplementary sensor circuit.and then the force pulling the
steering levers corresponding the former was stronger , then
the steering radins decreased and correcting of the path was
ingreased. When the correction was not enough, the supplementary
sensor circuit corrected the path of the combine. In this case
thelﬁevinguéiSFenee‘Qﬁ;EES_PPdJWa%WShQIt%rr the f°r¢e‘9?1ling,
the lever was not :so.strong:as the case of the main sepsor
clrcult, then.the steexing radius was Increased and.cerrecting
of the path. decreased. Therefore, it.WaﬁePQSséblexﬁoaﬁoilqw'thé
row.of rice. plant precisely.

i In Table 5 1 the p05551b1e comblnatlon of the 1nput

Table -5- l Truth Table of Automatlc Steerlng System 1n Flg 5 =1

Input R T ‘;__.Q'u_tp‘urt— g

It RM LM RSSI Rssz LSSI ‘Lss2 | SR SL | Remarks

R

|:iStraight Travel
-| Rightward Steering

oo &
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L TR

—
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»—A'
—

H
© o'o'o ©
o
L

S | TR
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v
[
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©
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i
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variables -( namely, ON ( 1 ) or OFF ( 0 ) of the microswitches
in the electric cixcuit of the sensors-) and the output variables
cprgesgon@ingwtgﬁeagh combination of the-input .variables {( -. -
namelYiﬁQMﬂ!LL:}JQPUQEEF(iQ:)QQf;the ele¢t¥°?m§9%e#19w591§%°i@5
of the directional, control valves in the hydraulic circuit, ), .
the so-called truth table, is.shown. The leftward steering . . .
corresponding:te -the state 6 in this table was .performéd as
follews. When the main sensor LMS contacted with the row of rice
plant.and the contacting link was moved over:the:dead-zone. . -
width ythe wedge cam.IMSC closed  the microswitch- LM, the.relay
coil: was energized, the:rrelay contacts Ll and:L4iweerOEF; L2
and ‘L3 were ON, the solenoid-SL was energized and.the.valve.
changed the direction.of oil.to-move the red rightwards. -
Although the. cam SC-fixed on.the rod made the stopper LS2 OFF,
since LSl-was.still ON, SL continued-to .be energized and the rod
continued .to move until SC made LSL.OFF-:and the.combine was
steered l@ﬁﬁwaxgs.;A@tgpgsteegipg;ia;thOugh the contacting
link of LMS;S§E§;atQ@~§r0m theerW:Of;riG? plant. and LM .was.made

OFF, the.relay.coil continued to be .energized by .the delay

time-WéS;l§P§ed¢uWh€9;thewrﬁlaxgqgi%:fiQiéﬁ%@ to.be .energized,
Ll aﬁdgLérbgqam@ ON-.and:L2 and L3 became OFF. .Since the rod of .
the hydraulic actuator was-the .state where it had been moved

to the right,.the:electric current-flowed into the solenoid. SR -.
through ' LNS which.was.made ON by the wedge cam NC fixed on.the
tod right after mowing:of the-rod,  the rod-began to move left-
wardéz;;eﬁhrnsdi$@ath@‘mi@dl@;pQSiiipn-Where-LMS:W%S made OFF,

the steering was finished and:rthe combine began the straight



120

travelling agaim. «n -0 oo o oo

2= The leftward steering. by the. supplementary sensor.
circuit corresponding to the state 9 in Table 5=1 was as follows.
Wwhen the contacting link LSS of the similar cohstruction as the
main sensor moved over the dead zone'widthf the wedge cam LSSL
actuated simultaneously the double micrésﬁitches‘LS.and.LSSl was
made OFF andﬁi§32“ﬁas”made?6N’SihCe'tHé!main’sensor-circuit was
not made, the electric current flowed 1nto the solen01d SL:
through the relay contact R4 whlch was made ON the rod moved
rightwards and stopped to move at the posrtlon where SC made
1LS2 OFF 51nce L2 was OFF. And the comblne began to steer

leftwards. When the contactlng llnk separated from the row of

rice plant the electric currentwflowed 1nto SR through LNS

the main sensor c1rcu1t whlch was- OFF tne rod moved leftwards,
stopped at the mlddle posmtlon where LNS was, made OFF and the
combine began the stralght‘travelllng._ | -
The electrlc—hydraullc 01rcu1t of the automatlc steer~
ing system with thHe $ensors Wthh detected the ‘row of rlce plant
from one 51de of 1t is shown 1n Flg. ‘5-3. The circuit for driv-
ing the relays had not the delayed rever51on. The rear sensor
had the extended contactrnc lrnk which contﬁdted constantly with
the row of‘fi&é*@ién%”ﬁﬁéé&lEhé"ééraiéﬂ% travelling and the
front sensor remained to separate from the row under the straight
travelling. This steering system was designed for harvesting in
the paddy field where the rice plant was not planted in a row.
Th;is-_figure represents the state where the contacting lihk of
the rear: sensor ds: separated from the row of rice plant and

e iy e g e S
T s ey T Rl BN Y



121
which-corresponds to: the.state:2 in Table 5-2, namely the right-

ward_ steering. In.this state,’ since: the microswitch RMS. was made

. .
P e -
: Iy
Ly e Y R S T . T : SR

System with Senéoré Detecting Row from One Side of It
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oN, the relay was energized and the relay contact Rl was made
OFF and R2 was made ON. The electric current flowed into SR
through L3 which was ON since LMwaasﬁQFF, the o0il flowed into
right cylinder of the hydraulic actuator, the rod moved leftwards
and the lever foi rightward steering was pulled. The rod conti-
nued to move until RS was made OFF by‘thencaﬁicufixedion the
rod and the cémbinercontihued‘the rightward.steé;ingi When the
contacting link of the  sénsor ﬁaé pushédfby the row of rice
plant and the céerSC-ma&e RMS OFF; %heﬂrelay contact Rl was made
ON and R2 Wéé4ﬁéde OE?Q ih-ﬁﬁisﬂtime, since the microswitch RNS
had been made ON;by‘fhégcﬁﬁ C' right after the rod bégan to move
Table 5-2 Truth’'Table of Automatic Steering System in Fig. 5-3
iVariégle“ iinéétmi  bééépﬁHfrr
o ;. .w T Rﬁg 'LMS'7ISL jSR" rReﬁarks
StateN| T4 |

~© 0.} 0 -0} Straight Travel
|1 0 | © 1| Rightward Steering

1
- ,2 -
o 3. ! "6"“PN] S ) ; Leftward Steering

leftwards, the ééiéﬁéid”SL‘wés"eﬁergized, the rod began to move
rightwaidéhaﬁd“réﬁﬁrﬁédﬁto"tﬁéfﬁiddle position where RNS was
made OFF and thé”combine’began the sStraight travelling again.
5-2 Experimental Methods and Conditibne* -
jééi@r%il&;itﬁéJfBWs”éﬁ fiéé'plant:tréﬂsblanted by the
'machinéﬂméﬁéméaﬁdéée&,réﬁaoﬁiyhés7ShbWh in Fig: 5-4. In-the
usual recutangular paddy Field: the power spectra of the plant
row are ibéhﬁﬁﬁ{iﬁ?ﬁig3?§4525iét£in§’thé’aiétance between the

adjacéhtwgfﬁmpﬁfof rice plant be 0.15 m and the travelling
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Fig. 5-4 Meandering of Row of Rice Plant Transplanted
by Machine
velocity of the combine be 0.15 m/sec, it was found that the
upper limit of the equivalent frequencies were about 0.2 Hz.
Therefore, the amplitude and wave length of the artificial
sinusoidal input row for the fundamental experiments were
0.1 m and 3.6 m, respectively. The equivalent frequency of such
sinusoidal input was 0.19 Hz, letting the travelling velocity
of the combine be 0.7 m/sec. The artificial rows of plant were
made of 200 mm plastic straws thrust into the vinyl chloride
tubes which had the inner diameter of 25 mm, and the length of
150 mm. These vynil tubes were layed in the ground at intervals
of 0.15 m sinusoidally. The length of these sinusoidal waves
Was 2.5 times of one cycle. The output paths of the combine were
drawn on the ground by the standerdized sand flowing out of
the hopper which equipped at the position of the divider.
The variable parameters in the traveling experiments

Were as follows.
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%1% ): Frequeney ofr.sinusoidal input

2 ) Dead Zone Width of the Sensor

3 ) Delay time of return from steerlng to stralght

. travelllng )

Wfi}};Plston ve1001tf cf t h}ayafyﬁ,;jf_ifi;fﬂ
35;)*5teer1ng radius }
f&')llnltlal=enter1ng angle agalnst‘row of rice plant
sat beglnnlng of the stralght travelllng
The parameters from 4 ) ko 6 ) remalnedxconstant-beeause of
dlfflculty of adjustment, and espec1ally for the parameter 57)
although the p051t10ns Where the etopper mlcrosw1tches were
actuated were'set for two steps, the reallzed~steer1ng radiis.
was only the mlnlmum at Wthh the'lnSlde crawler was stopped.

For 1 )- tne wave 1ength of the row was not changed but the

travelllng velocrty Was changed _Q;wﬁ‘f>f

F i it i) e e

The experlmental condltlons are shown in Table 5-3.

The experlments from No. 1 to No. 14 were produced for the
antoﬁatic_steering system with the sensors which detected the row
fromgtherbothfsideSij:itgiThegdeaqizgneﬂwi@thfwaafdefined by
the distance - ...
through which the:end of the contacting link moved normally
to the‘fravelkingxdirectionfuntilatheﬁmichSWitch“waagactuated,
as shown in Fig. 5=10+ =i oho g |

U mHexexperiments NQ,,l§eandw16;were-prO@ugediﬁorgthe
automatic steering-system with _the sensor which detected the
row of rice plant.from.one-side:of it. The dead zone width was
defined by the.distance between the-positions at which the |

‘contacting:links -of:the front-and-rear-sensors.actuated-the
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Table 5-3 Experimental Conditions

~ Dead Zone s

T

Main Sensor| Suppl. Semsor . .

ey

ST 0.0 see T 0V m/see | 16 mm| 20 w17 wm | 13 mm
2| 0.0 | oles 116 |20 417 |13
3| 02 | |ou |16 {2 |17 i3
Gol 0u ey e e tir s
51 0.1 0.4 | 16 | 20 17 13
7

8

Mo |‘Delay Time | Travl. Speéd | Right| Left | Right | Lefr .

St povest i [0 fim fas
1o T R LI PR RS
0 s 1 4 T BV 25 S 11 3 e
9 | 0.2 - |.0.65 25 {25 |13 i3
10| 0.2~ 0.4 25 {25 |13 |13
v o0 04 ] 3. 135 s |5

12 | 0.0 0.65 . -135 {35 |5 -|5 o
Bpoer oopoes -t 13 lss s fsoo.
14 | o.1 { 0.65 35 135 |5 {3

15 0.0 - o.35  isomm
e ]6 | O . 0 P O:“]? [ DU FE . E

microswitches.

5-3 Experimental Results and Discussions - Response ‘to

e Doz T

Tar AYtifieTal - Tuput Row w* UV

P

5-3-1 Response PatRsg i »iw T.0 HEoo G an
(;JTheMréspbhsefﬁhﬁﬁﬁV6$“Ehéﬁcbﬁbiheiﬁhiﬁﬁﬁwé§taﬁﬁgﬁaéiéﬁi—
1y stééred'by;thefgysﬁém%W¥£h1£héfééﬁéﬁkévﬁétéa%in§ Eﬁéﬁfgw from
both sides of:1tiare shoim’ ih’ FiFE: 56 and 597, (& ) @ n
cach figure: represént’ the artificial row: ' e e
1 ) When:the travellihg: veloecity™ and” the dead zone %ia%%'%gfe
kept cohstant;!the: influehces 6fﬂtﬁéféﬁahﬁéé;iniéhé.déia§3fﬁ;

time: upon- the' responss paths were s £0116wsT Whbn®the delay .
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1 St‘ f?ﬁ o.s:.)s"'-'—"'-"j 4 (tg=C

Fig. 5-G.Response Paths Of the Automatically Steered
.. Combine with the System in Fig. 5-1 '
time was too long,.the overshoot of the steering was. tog large
and then the response paths were disturbed. This might be
caused by the -following fact. For example, when the combine was,
steered, rightwards and .the contacting link of jthe ;%f%~5%n§?¥
'was separated :from:-the row, the steering was,too large and

then the. contacting.link of. the right. sensor came too close to

the row, therefore the combine had to begin the rightward..
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ii?ﬁffg..5—7 Response Paths of the Automatically Steered
Combine with the System in Fig. 5—1

steerin@liﬁéf dfter the beginning of the straight travelling.

That is,lthe number of steering motions was increased and tlien

the distance ofiﬁﬁé'StraighE travellinq%waéfdédreased.

2 ) As the travelling velocity was increased, the response paths

were disturbed and the ttravelling becamewuﬁét%Bié ( Fig. 5=6

(a) and ( b ) ), because the overshoot of the steering

caused by the.inertia effect of the combine was increased..

37):Théiinflﬁénqé%of»the dead zone width upon the travelling

stability and following accuracy was not clarified by these
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experiments because there exigted a great number of combinations
of the dead zone widths of the sensors.

4 ) Slnce the sensors-: con51sted ofythe maln and supplementary:
sensors, the conbine travelllng at 0. 65 m/sec ( 0.18 Hz )
could follow the input by the effect of the Supplementary
Sensorsici

5.9 Although. the delay time;was:set*at OVOgSECJT$he?phasefWBSa
delayed in the region of 0° to 60°. This mlght result from the
time delay of the relay contacts in the electric ¢ircuit and
the dlrectlonal control valve in the hydraulic circuit ( about
0.1 sec accordlng to the spe01flcatlons of these devices ) and
the tlme delay which occured when the rod of. the hydraullc
actuator returned to the middle p051tlon and the combine began
to travel straightly again. | | d o

6 ) The relatlons between the phase lag and the travelllng

ve1001ty, delay time and dead zone w1dth Were not clarified.

The descrlblng funct1 n-of hystere51s characterlstlcs

( memory type nonllnearlty ) is given by the f0110w1ng equa~-

‘g(E) + ib(E)

K;q(E);

-2M sin T 2 vos(sin -+ 4
f}ﬁ{{ces(81n .E) + cos {sin E)}

- j{sin(sin™ &) ~ sin(sin™d &)} ( 5-1 )

- where E represents the :amplitude of the sinusoidal input.

‘Therefore, 'tlie ‘phase shift is as follows . "= 5o

T 5 EOE AR
e IR B .
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P . d/a_- 1
an “(b/g") =-tan ( — ){ 5-27) "

o /% /a; - a? /a + /% /a -

The relationships between d/a and phase shift are shown in

Fig. '5-8, letting E/a be the‘parametersf‘Te;iﬁefeasefthe'deiay:

IE/fa%3.0
T iE/a=4.0
'Efa=6.0

E/ax8.0
E/a lQ.

Phase Shifc ( deg )

Flg. 5 8 Phase Shlft of Memory Type Nonllnear Element
tlme in the experlmental system corresponds to flx a and to
move d leftwards ( namely, to decrease d ). Intiujscase,

it is obv1ous from Flg. 5-8 that the phase lag increases.,
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On the contrary, when'd/a‘? 1 in Fig.5-8, the phase lead and
this corresponds. to the state-where d goes on the right of a ;
therefore the control system has the prediction characteristics
rather than memory. The control systempossessing such characte-
ristics must be studied in the future. |

- The response paths of the automatically steered combine
by the sensors detecting the row'of rice plant from one.side of

it are_shown in Fig. 5-9.

——— 15(v=0.17m/s}———16 (v=0.35n/s),

Flg 5 9 Response Paths of the Automatlcally‘Steeted Comblne
7 w1th ‘the System in Flg. 5- 3 | o -

1 ) Ps-the travelllng ve1001ty was 1ncreased the t;aveillnc

atate of the comblne became unstable. |

2 ) Slnce the shape and dlmen81ons of the contactlng llnk

of the rear sensor Qere unsu1table, the comblne could not

follow the 1nput row at the hlgh veloc1ty.rThe suitahle shape

and dlmen51ons of the llnk must be researched.

3 ) The response paths were smoother than those of the steerlng
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system mentioned previously ( Fig. 5-6 ( b ) and Fig. 5-9 ( b }).
This mlght result from the dlfference between the characteris-
tics of the sensing mechanlsm, and p0551b111ty of this sen51ng o
method “was - obtalned. | ' V

-~ ‘The above discussion are qualitative by observing the:
responeelpaths and the influences of the dead zone width could
not be clarlfled In the follow1ng sectlons, the response
eccuracies will be discussed by the sqguares of“the RMS valuesth
éf'the differences between output and input wave forﬁs and
_hhe stability pf'the travelling will be discussed byuﬁhe Fohriei
>¢oefficients,of the output wave forms.

_5—3—21Reéponse Accuracy |
| . As the performance functlon which de01ded quantltatlvel§
a_wnether the control system followed the 1nput accurately or not

the square of the RMS values was used 8), 2) . This isfdefined

by the follow1ng equatlonlo)f

.f o .7. i T V
e = lim i f [ w) - £(6) 12 at ( 5-3)
-T

T-co

where F(t) and f(t) are the input‘and'output,‘reepectively.

In "this:section ;2 of the input row of plant and the output.
paths of the combine will be .calculated by this eguation; -
and-the influence ofithe trawvelling velocity:of +the combine
(!namely,:input:frequeneyx),.delay time and the dead zone width
upon .the response accuries will ‘be -discussed. The results of
calculation-are asashowh-inzFig.‘s-lO. ItJWaS‘clarified,frOmﬁ
FithSTIOLf a: ) that as the delay time increased the value of

e lncreased. ‘Therefore the response accuracy was considerably
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Definition of .Dead Zone Width
3 r:,Aw: Natural Position of
o Contactlng Link
‘ B‘i Actuat1ng1P01nt of

‘Microswitch by

Wedge Cam

Flg- 5 10 Steerlnc Accuracy of Automatlcally Steered

Comblne by Means of Values of e

affected by the delay tlme. From Flg

5 lO ( b ) 1t was found o

that the 1nfluences of the dead zone width upon the response

accuracy were not always 51mllar and the tendency was changed as

-

the travelllng veloc1ty varled That 15, the relatlons between

the dead zone w1dth and ‘the response accuracy ‘could not be

found However, when .the travelllng velocrty was 1ncreased the

, =
value of e” was 1ncreased and the response accuracy was reduced.

5-3-3 Travelling Stability



134

Since the control system used for the experiments hadr
the nonlinear characteristics such as the dead zone, hysteresis
and saturation, the output,mightﬁinvolve the superharmonics
of the input frequencyll)'l??’l3)L-This was confirmed in the
response paths sliown in FigﬁiS—G aﬁd Figf 5_74bY3the fact that
as the delay‘time was increased the travelling of the combine
became unstableﬂbecause of tﬁe superharmonicS. In ordexr to
clarify such phenomenaV thevFourier eeries.expansions of 24
terms of one cycle of the output wave form were obtained and
the travelllng stablllty was dlscussed in the frequency domain.
Because the output wave forms;obtalned”by'the experlments had
the length of 2. 5 times of one cycle, the data of four cycles
such as A&, B,‘C,rand D couldqbe obtalned as shown in Fig. 5-6
( a ), allowing the overlap of a half cycle., Therefore, for
one experiment the four Fourier series expansions- whose para-
‘meter were'time could be obtainedi.A part of the calculating
results re'shown.in Fig. 5-11. For the other experimental
conditions; the‘similar?tenaehciee could be:found.’Namely,
1 ) the response paths were succe551vely dlsturbed as the time
was elapsed after: beglnnlng of travelllng, and 2 ) as the delay
time was 1ncreased thegﬁth and;?theharmonlcs grew and the travel-
ling became unstable. . | | :

As mentioned abooe?'in‘the case where the delay time
wvas generated wheu theﬁcombine’returned from steering and
began the straight travelling, it was found that the response
paths became unstable against the initial expectation. This
might result from the too long delay time.
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"-Fig. 5-11° Stability Evaluation by Means of Time-varying
Fourier Coefficients of Response Paths of

Automatically Steered Combine
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5-4 Experimental Results and Discussions = ReSponse to: "~
Actual :Row of Rice Plant -**

In the precedlng section, the experlments were produced
only to the art1f1c1al 51nusordal row. And the stablllty and
accuracy of the automatlo steerlng system'were dlscussed'on the
basis of the experimental results. In this section, the accu-
racy of the automatic steering‘for thexcombine whrch harvested

in the actual paddy fleldv The control system used for the

will be dlscussed

experiments was the system used in the;precedlng sectlon,.but
the flow of the hydraulie cirouitlwas“oontro;ied by meahs:of
the flow control;vaive, and then the dispiaérhggspeed of the rod
of the hydrauliclactuator for steeringjvc:éouldtbe varied by
changing the flow rate of the oil. |
5-4-1 Prihcipal Descrdptions of;Emperimehtsﬂy

The experimentai conditions for the automatic steering
system with the sensors which detected the row of rice plant
from both sides of it are as shown in Table 5-3. Those for: the
steering system with the sensors which detected the row of rice
plant from one side of it are as :shown in Table 5-=4. The defini-
tion of the dead zone width for the former system was similar
as the difinition in the preceding section .( see Fig. 5-10),
but for later system in this section, the definition of the dead
zone w1dth was . 51mllar as the former system, namely, 1t was
deflned by the dlstance through whlch the end of the contactlng

link moved normally to the travelllng dlrectlon untll the micro-

switch was’ actuated as shown in Flg 5= 10
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" Table '5-3 ExperiméntalConditions- for Automatic Steering

_#"System-shown in Fig. 5%1""

Dead Zone Wldth

Piston Speed

"% Dead Zone Width of
%% Dead zone Viidth of
*x* Speed of Hydraulic

Kk k% S?eed of.Hydtaulié

the Rear .Sensor

the Front Sensor'

. Experiment Delay Time
] ( mm ) _ ( mm/sec ) ( sec )
No . W * Wdr** vcl*i*vdf**r*ﬁh -ty
1 10 . 10 219.7{205.7 0.0
2 100 10 . 219.7|205.7 0.1
3 10 10 219.7/205.7 0.2
4 10 10 117.5|157.5 | 0.0
i 5 .20 .20 .| . 117.5|157.5.}... 0.1
6 20 20 117.5|157.5 0.2
1 20 200 | 117.5[157.5 0.5 .
8 o o | 117.5157.5 0.0
9. .9, 0 j . 117.5|157.5 | 0.1
10 0 0 117.5|157.5 0.2
11 0 0 219.7|205.7 0.0
12 0 Co Tl 21907)205.7 0.1
13 0 0 219.7{205.7 0.2

lelnder for Leftward Steerlnc

Cyllnder for nghtward Steerlnc

_ Tab;e 5~-4 Experimehtal Conditions for Automatic Steering

System shown in Fig. 5- 3

. Experiment |- Dead Zone Width - Piston Speed Delay Tlme
( mm ) B ( mm/sec ) ' ( sec )
No. Vigr | War Vo | Yer b
—21 | - -20 | 35¢ 3117.5[157.5. 0.0
22 . 20. | :20”.- 117.5]157.5 0.0,
23 30 | 55 117.5|157.5 0.0
g 307 | " 55 219.5|205.7 - 0.0
ol L AR 2207 o 35 '219.71205.7 - 0.0
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5-4-2 Response Paths and Following Accuracy
A part. of the response paths of the automatlcally
steered combine are. shown in Flg. 5-12, thé control system of ;d

whlch are shown in Fig: - 5 l e e e T

Combine Response Path

el T " Seme e ‘Row. of Rice Plant . .
oA N T N T NI
Dead Zone -10-mm -
16
- Cylinder Speed 200 mm/sec.“
O " pelay T1me 0- sec. "“ s . ’ - o
1.0 2.0 3.0 4.0 5.0 6.0 (m)

20 r------ Toa

. =TT
0. Db.Z. 20 mm - . C.5. 130.m/secr

| 7.7, 0.2 sec. . , \ . o

ST Lo ...oe0 3.0 4.0 5.0 6.0 {m}

Z. Omm

Kithw C.5. 130 msm/sec. )
ol DT BBseg L
10 ="\ / L

1.0 2.0 3.0 ' 4.0 5.0 6.0 (m)

Fig. 5-12 Response Paths- of the Automdatically Steered
| COmbine_with the -System shown in Fig. 5-1
The.reSPOnse,peths of the_eotomatioally steered combine

with the system‘iﬁ‘Fig;:S?\B are shown in fig. 5-13. In the
almost all experlments, the comblne could travel smoothly, but
for the 1ow speed of the hydraulic actuator rod for steering,
the narrow dead zone w1dth of the sensors and the too long delay
time the response paths showed the self-excited oscillation as
shown in Fig. 5-14 which obtained for the expériment N6. 2. The
amplitude and-'the ‘wave ‘length of this self-excited osdillation

was 8.5 “cm-and I1.5 ‘cm,respectively. In order to discuss: the- -
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a0l de =20 mm Hyp = 35 mm Vc = 130 mm/sec " No. 21
C i Combine Response Path

——==—= Row of-Rice. Plant

20l Wy = 20 m Wy, = 35 am Ve = 200 mi/sec No. 25

- i S
el e

! ! S T L :
1.0 2.0 30 a0 50 Y 50 0 . 7.0 g0

Fig. 5-13 Response Paths of the Automatical-iy -Controlled

Combine with the Sensors ‘'shown inFig. 5-3
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Fig. 5-14 An Example.of. the Unstable Response Paths
following accuracy of the a'u‘tamat'ic_ally‘ steered combine, the

sguares of RMS values e2 were calculated from the ipput and
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output paths of the combine by means of
Eg. ( 5-3 ) and the calculated results are shown in Fig. 5-15

and Fig. 5-16.

Delay Tinre
~ 0.0 sec
10.0= —-—10.1
B T S . |
| 3 0.2 - : '
‘ - I
~ ——— 0.3
o~ e ) . :
= ' ’ ‘ ] [
0 ‘ S t I
o ~ f
“ 5.0~ | I i I
0 : | l - ! !
g = i 1 [. | I
o i Tt
= v | i
I 1 1
o 1 I l | 1
A I :
S N T - -
i 1 -
[ | i1

L R R
Wd=10mm Wd=10mm Wd=0mm Wd=0mm

:‘vc='213 Vv =137 V_=137 V_=213
- omm/s T mm/s mm/'s mm/s

. Fig. 5-15 Steering Accuracy of Automatically Steered Combine
- by Means of Values of ;2 ( System in Fig. 5-1 )
From these figures the followings were clarified.
1) The delay .time of about 0.2 sed was suitable, and.for the.
too long delay time the.stability of the control was. decreased.

2 ") The suitable dead zone width was about 20 nmm.

3 ).-The lower speed of ‘the hydraulic cylinder rod was suitable
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-.Fig. 5- 16 Steering Accuracy of Automatically Steered

2. .. Combine. by Means of Values of e3~(“system o

7 din Fig. 5=3 ).
for the ‘stable travelling..
4 ) It was found that: the automatic steering  system with the
serisors which detected the row of rice plant from one side
of ‘it operated sufficiently:i-
6-5. Concluding Remarks:-.-.

The' following. { or-steering ) accuracies were evaluated

by the squares of the RMS valhes’gzﬁ of the deference between
the inputbandfoutput,‘h0wever, the output which made the value

ezfzeioﬁwastnot necessarily -optimal. Namely, since the distance

between the adjacent dividers was about 30 cm, the cutting
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operation could be done without following the row of rice plant
accurately. From the p01nt of v1ew of the operatlng eff1c1ency,
on the contrary, 1t mlght be thought that the travelllng dlstance
1ncreased and operatlng eff1c1ency was decreased due to the
accurate follow.lBe51des, 1f the comblne was steered frequently,
the motlon of the machlne body became v1olent and the life time
of the comblne mlght be reduced.:Therefore, to determine the
comblnatlon of each parameter whlch reduces the steerlng motion
as far as p0551ble approaches the travelllng paths to a straight
llne and shortens the travelllng dlstance { namely, decreases
the values of ez.agalnst the straight line ) and which the
comblnev can follow the row of rice plant ( namely, the value
of ; _agalhst-the row of rlce plant lS decreased ) will become
the problem 1n the future.‘In other wards,‘such problem is to
determlne the optlmal pathdln the meanlng of the minimum travel—
llng dlstance and the minimum error.jn_

~In order to develope the stablllty of travelllng, the
experimented steerlng system had the characteristics of the
delayedrever51onfrom steerlng to stralght travelllng 51nulat—
1ng the 51tuatlon when the man operated the combine, but the
travelllng of the comblne became unstable for the too leng
delay tlme.ﬂHowever, in order to reallze the smooth travelllng,
it lS necessary to dlscuss the sultable delay tlme 1n connection
w1th the dead sone w1dth Be51des, as the furture problem, the
system whlch determlne the delay tlme referrlng the distance
between‘the sensors_and”the'row of rlce"plant, namely the

closed.system,_mustAbe developed.
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5- d.doncluSLons of ThlS Chapter )
o The autouatlc steerlng system Wthh had two Llnds of
sensor for detectlng the row of rlce plant by contactlng 1t
was examlned the response paths of the comblne with the above
system to the artlf101al 51nus01dal row as the input were
determlned experlmentally and the fundamental problems and the
future prlncfples were dlscussed. I |
h The results of experlments are as follows.

Fox the automatlc steerlng system w1th the sensors
detectlngythe row of rlce plant from both 51des of the row by
contactlng 1t;' T : | ) - |
1l ) As the delay tlme for restorlng from steerlng‘motlondto
stralght travel was 1ncreased the response path of the combine
was dlsturbed because of the exce531ve correctlons of errors.

2 ) As the travelllng veloc1ty was 1ncreased the path of the

comblne was dlsturbed because of lnertla effect of the nass

of the comblne.“wv-
3 ) Because of the double sen51ng‘dev1ce con51st1ng of the main
and supplementary sensors, the comblne travelllng at the top
speed was able to track the 1nput row by means of the effect of
the supplementary sensors.' - o — _ |

4 ) The relatlonshlps between the dead zone w1dth of the sensox
and travelllng stablllty and tracklng accuracy could not be
found because the experlments were not produced so many;-

5 ) The 1nfluence of the delay time, travelling velocity and
dead zone width upon the phase shift between the input and

output paths were not found.

For the automatic steering system with the sensors
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detecting the row of rice plant from one .side of it, the
possibility of:this"tyée of sensor was found and the experi-
menfaihfeSultsféfé'aé fdlléws.

1 ) As the travelling velocity was increased, ‘the paths of the -
combine was disturbed.’

2) The combiﬁeﬁtravellihg at the relatively high speed could
not track the inpﬁ£°rbw because of the unsuitable shape and
dimensions of the comstantly contacting link of the later
senéérm”tilh |

3')}Tﬁé ba£H”of the COmbine}trEVelling‘aE lower speed was more
smooth ﬁhén fhegﬁath of the combine with the Sensors detecting
tﬁé;row"6f”riéé'planttfrom‘bOEhsideéof it, may be because of " -
difference of the mode ofrsensiﬁg;

;Thé respﬁhse'paths of the combine with the systems
menfidnea'ab0ve to the row of fiée'plant in fhe'actual paddy'
field were determined and the fOIicwihg;resuité were obtained.
1 ) The'déléy time of dbout 0.2 sec was suitablé; and for the
tOO'iong'dElay:time'thé étability,of the control é?stem‘was
decreased. |
2 ) The suitable dead zone width was about 20 mm.

3 f‘fhe lower sfeed df‘;he hYdfauiié"dylinder'rod‘waé suitable
for the stable tfavéliing.:" *

4 ) It was fourd that the automatid‘stééring'system with the
serisors which detected the row of rice plaht‘ffdm one side of

it operated sufficiently.
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- CHAPTERG
Digital :Simulation of the Automatically Steered Combine

.- : The automatic steering system-used’for the experiments
had the nonlinearity such as the dead zone in order to stabilize
the motion .0f the combine, and the asymmetry - of the combine
body ( see Fig, 6=1:) had to be considered since the expariment-
ed :combine cut the plant diagonally forwards. Therefore, the
theoretical .consideration of this control system was very difficult
and then the analytical description of the behavior of the
system was complicated. :And the optimal combination of the - . -
parameters such as: the dead zone width, delay time, travelling
velocity and the speed of the rod of the hydraulic actuator,
as ;suggested in 6-5, became impossible by means of the theoreti-
cal analysis. In such a case, the digital simulation technique
become effective. That is, the behavior of the system is taken
aparttahd can be'déscribed-by\a-number of the:comparatively.
simple eduations, .and the initial conditions and the variable
parameters are given previously and the numerical prediction-of
the combine response is achieved by the computer. And thus the
optimal path-of the combinevaecided by the method of trial and

could be '

error through the digital computer experiments. . .

.. In this-chapter, the response paths of the combine
which has the‘automaticgsteering‘systemsshqwnin Fig. 5-1 and
Fig. 5-3 are predicted by -the digital simulation technigue.

And their applicability in the actual paddy field are déduced.
Moreover,. the responsé paths by the prediction and experiment
are,compared.and_the_reliability of mathematical models for

the steering.system is discussed.
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6—-1 Equation of Motion of Combine* ,**, kX,

P

The reports on the analysis of the tracked vehicle
were restrlcted to the geometrlc problemsz)3)4). However, for
the dlgltal 51mulatlon ‘of the automatlcally steered combine
the dynamlc analysrs of the tracked vehlclerls necessary.

In this sectlon, the dynamic behav1or of the comblne which
begins steering and straight trave;iing will be discussed
and the equatiohxof motion of the’combihe will be obtained.

The asshmptions to find-the equations are as follows.
1l ) The travelliné resistencehof the combine for the'straight
travel is proportional to the travelldng ?elocity. Namely,
the equivalent viscous damping is introduced.

2) The.pitching, rolliné and yawing motiOns of the comhine
are_heglected since these motions 1ncrease the degree-of~
freedom, and then the motlon of the comblne is compllcated

Be51des, since the equatlonS‘are.concerned-w1th the plane

motlon, 1t is p0551ble to neglect these oscmllatlng motlons.x

3 ) When steerlng, the center of turnlng is fixed and located B

on—the center line of the rnerdeltrack. ans‘waS'conflrmed
by the experlments. | |
4 ) The re51stance of - the ground to turnlng is proportional
to the turnlng angulaxr ve1001ty.>7.4 h
6-1-1 Equatlon of Motion for Straight Travel

The geometry of the experlmented comblne is shown
in Flg 6 1. Note the asymmetry of- the sensocrs and the
turning Centers. In thie figure, the turning center CR and
CL are_deirped‘by_the_point about which the combihe is

turned. The center of gravity CG was determineéd by the
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Fig. 6-1 Geometry of the Experimented Combine
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experiment. The point MP indicates the position at which the
standardised sand. flows £rom - the hopper to- draw the output.
path of .the combine on the ground. The point MS: shows.the
middle- point of: sensors which is the representative positioen
of the sensors.

Let the generalized coordinate be Cartesian x-y
system as shown in Fig. 6-1 and the center of gravity CG of
the combine be-the origin  O. The x-axis is parallel to the
row of rice plant and let the combine travel straightly at
an-angle of 6y to the x-axis. The kinetic energy of the

combine. at the point (x,y) is. -:

‘T';_%(:X'\+'Y1j)mv"eW'_- BRI { 6-1)

F = %'( X 4+ y)c R ( 6~-2 )

where c represeﬁtskfhé.ééﬁi?alent viscous damping. The gene-

ralized forces are

Q, .= (FR¥+ FL)c§sQr ( 6-3.).
SoQu s By 4eFp)singee . s o s o 6-4)

where,ghg;;MR/R,,iSythe driving force of the right track and

FL = ML/R is the driving force of the left track. MR and ML

are the t:aygllingftqrqdés‘Qf tﬁe7iiéht§qu left drive sprocket



shafts, respectlvely. R is the pltch radlus of the drlve

sprocket. Substltutlng the Eqs. ( 6-1 ) through-( 6-4 ) into

Lagrange's equatlon of motlon, the follow1ng differential

equatlons are obtalned.

m¥ + cox

S

{ER t FL)coseq

ny + c¥y fFR f:FL)sthggr

( 6-5 )

( 6-6 )

Taking the Laplace trahsformations:of both sides of these

equations with therinitialiqehqitiehsfrX(O) = y(0) = %(0)

= ¥(0)
= 0, gives
ns?x(s) + csx(s) = X(F Tt F )ééée ( 6=7 )
ms2Y (s) +f.‘:c.:szs) = Llip 4F )sing ( 6-8 )
ST e S R L o 0 . 1
Solving for X(s) and ¥Y(s), respectively, gives
FL + FR
= cosfy
(X(8) == ( 6=9 )
S s s+ c/m) -
F_+ F
L R sing
Y(s) = 5 ( 6=-10 )
So el st (s +re/m)
Performlng the 1nverse Laplace transformatlon the both sides
of these ecuatlons glves the coordlnates of the center of
grav1ty OL the comblne, namely
(F, + F.) 2 &4
— R m . C
x () = “Tcoseﬂ'c-g(e T sr - 1) ( 6-11)
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C
+ FL) 2 -=t

51neoE§(e T
c”

(F
vy = =8

c : R
+ ot - 1) ( 6-12 )

By the results of experlments on the comblne
starting on the stralght travel it was found that the
startlng torque of the drlve sprocket shaft was as shown in

F;g. 6 -2. From this flgure, it may be approprlate that this

o

S

- O

S
=& TR(L),

.. 0] et
- @ Time (.t )

H

Fig. 6-2 Travelling Torque of Combine at Starting
on Straight Travel

real_to:que,ie,assumed to.bevgiven_by‘the;following equation

oLl TR T TR(L) (a-e T'*‘ 1.0)- W e e B=130)
Whe;e‘eiapd.$ must be determined by the experiments. The
constant a is non—dimehsional and its value.is 2.0 and T is
0.5 sec. }

If thelativing forces given by Eq. ( 6-13 ) are
used,insteadiofythe.stepwiseudrivihg-forcesuFR and Fyr which
are)usedlihtEq. ( 6-11 } and Eq. ( 6-12 ), the coordinate of
the center of gravity of the combine are given by the

following equations. Using Fp = Mp/R and Fp = M /R,
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kT .+,T ) 'fj ”—Eﬁ
g R L ‘n. I m c, _
% (E) —~———f—————qpseu;§(e L+ mt” 1).
R c t
(T 4+ T.) : ~-=t -=
R TLY Tm: , 1 i m _c T
g Bm cosbo—1 1 + (c/m -'l/T)(Te e )]
- . '.,T:T G P e
(T + T_) 2 —-—=t
R L . m m (o]
Y(t) = I_———‘S"_neu'—cz (e ‘i’ﬁt - l)
alTy + Tp) | Tm 1 1 —r%t c T
4~——————=ginfy;—{ 1 +
Rm C

o/m - T @ T Re )]

6-1-2 ‘Equatioén ‘of Motion for Turning
Let the generalized coordinate be the turning angle 6.

The total kinetic energy of the combine is given by

o= ;-J 0 ( 6-14 )

where J rep;esents thﬁjﬁ&ssﬂmoment oﬁminertia_about the axis
through the turniﬁﬁjcehﬁer énd the SubSCripEVR or L indicates
thaﬁ‘;ge_steerigg“isigightwaxd or leftward. The equatiop‘of
thglxgghtya;d‘ﬁugning mgtiqp oﬁlthe combine is as follows.

The dissipation function F is

_ 1 p2 ‘ o _
F = 2_cha»1 . ( 6-15 )
where_qu istthegquivalgntturning resistance.‘The?generalized

force Qeisj . e .

Qp = Fy'B =My . . ( 6-16 )
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where FL is the driving force of the leftside track for right-
ward steering and MR‘iS:the-rightwafd*turning’torque bybep':
B is a tread.

Substituting Egs. ( 6-15-) ‘and ( 6-16 ) into
Lagrange's equation gives

n T
'“JR9;+<CfRG = MR (6-17 )

Taking the TLaplace transformation of both sides of Eg. ( 6-17 )

R | .
with the initial conditions; 6(0) = 8 and 6(0) = 0, we have
4
2 o _ R _
. JRS 64s) —-S‘JRGO + Sch@(s) =2 LT ( 6-18 )

Solving for ©(s) gives. . - a B Co

u_/J Bo
Dle) & o BER L

s“ (s + ch/J\)

— — ( 6=19 )
(s + ch/JR)

The turning ( or steering } angle after t sec is given by the
inverse Laplacé transform of Eg: ( 6-19 ). Namely

I . _ch ; .
M_J -t M_ o M. J
. R~ R R
B(t) = (54 8p)e’R  #=t - —S2

2 el .
rR SER Crpo

T (. 6-20 )
C YR . C .
The value of 8 (t) at the instance when thetufﬁingwhas finished
becomes the initial value of the next step. Tﬁgféforé} for the
rightward steering the coordinate x(t) and yft) of the center
of gravity can be given as the function of the above-mentioned

8 (t). Namely, from Fig. 6-3, they are
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x(t)

DGRR{sin(c + 8 + 6(t)) - sin(a + 8,)} ( 6-21)

1l

y (€)= DGRR{cos (o + 8,) - cos(a + 6, + 6(t)}: ( 6-22")

In the similar manner, for the leftward steering the turning

angle after t sec is given by

rlL
M_J t M M_J S
o) = (2 E wigg)e Tn =l LD gla3y
c c 2 \
rL rL Cor1,

The ‘coordinate x(t). and -y(t) of the Center of gravity are given

as the function of this 8(t) from Fig. 6-4. Namely,

% (t) DGRL{sin(8(t) + £~ B65) - sin(f - 68,)} ( 6-24 )

y(t) = DGRL{cos (8(£) + £ - 65) — cos(8 - 84)} ( 6-25 )

Fig. 6-3 Geometry: for Right-

ward Steering




CG
Bq

Steering CG

From ‘the experimental results, the actual torque of the
drive sprocket shaft is as shown in Fig. 6-5, and is governed

'by: the following equation for turning. -

t
Co e _ T _ -‘
Mpy) = TRy Y RTr@y T )y ( 6-26)
namely, as shown in Fig. 6-5. i
=
e ]
~ Q@
. ‘ , — o
" 'Fig. 6-5 Travelling Torgque ag 'gf
) ©
. " , -
T L. of Combineé at Starting B ¢
T
on Steering 1 Treny-
==
Time

Tf 'this actual ‘torque ‘is used inStead-of-the‘tqrgge'MR,”which..
i5 used in Eq: “( €-17-) through Eq. ( 6-20 ), the turning
‘angle -after ‘t sec is given by the following eguation.
‘Substituting Eq. “( 6-26 ) into Eq. ( 6-17 ), taking Laplace

transform of ‘this ‘result, solving about @(s) and taking

inverse Laplace transform, then 6(t) is,
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c
2 ~IR¢
T_ + RT_ J J c
0(t) =& R R (¢ R IRy - 1)
Jpo g 2 Ir
rR
_OrR, 1
i _'zRT[l . /Jl - e TR ;rR.e_'ft)]
T rR rR* "R R
CrR
-t
JR
+ Boe
The moments of‘inertia JR and JL are given by
J, =J. + -1-m(DGRR)2 { 6-27 )
R G2 .
_ 1 2
Jy, = Jg + F(DGRL)© o ( 6-28 )

wherehJ is the mass moment of 1nert1a about the axis through
the center of grav1ty and m is mass of the combine.

In order to predict the motion of the combine steered
automatioeliy, the coordinates xs(t) and ys(t) of the middle
point of the eeneo;s‘andrthe coordinates of the contacting
points of the.iinkeiﬁith the row of rice plant. And the equation

are necessary
giving these coordlnates are different between the sensing
systemsas well as the turnlng directions.
1) The control system shown in Fig. 5-1
a )AStraight'travel””
_As showh in Fig.»§fl, the coordinates xs(t) and ys(t)

of the middle pointrof the sensors are given by



I

xs(t)

Y (t)

Referring Fig.

points of the links w1th the Fou of” rlce plant

i ) Front right seQ§or

g (8 = % ()

Yyg (£) = ¥g (t)

ii ) Front left sénsor’

xI‘-.’lL (#} - Xs (t)

?MLft) = ys(?)

iii ) Rear right sensor

SR

¥gr (B = 5 (t)

iv ) Rear left sensor

fksi(tf'=‘§é¥?)

X .- ({t) = xs(t)

+

+

‘+

<+

K N_Ll—'
- ”

%M800585

SsinBy

h&“

coseo

%MSsinBO

2

1,
.21551n?o

Evscoss,

2

222

Lyscoss,

x(t) + DGS sin(¢ - 8,)

y(t) + DGS“qos(¢;; 8, )

et

“MWSineg

N

%MWCOS@D

'_l

—sW51n80

%MWCOSBQ

Lowsing,

2

Lowsing,

2

%SWcoseo

156

( 6-29 )

( 6-30 )

6-6 gives the coordlnates of the contacting

( 6-31 )

( 6-33 )

( 6-34 )
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Fig.6-6 Locations of Contacting Points of Links

4 withaRow-of-Rice'Plants_ui

Yor, = ¥g(t) -;-%MSS_ineo--%SWcosen C o ( 6-38Y)

b ) :Rightward. steering

The coordinate xs(t) and ys(t) are given by

xs(t) = RSLcos (A + 8y - 0B.(t)) - DGRLsin(B - G )
" (.6<39 )
ﬁ;f;'yé(t)<%-RSL$in(A + 83 - 6(t)) - DGRLcos(E - 6)

ey e e e (6=40 )
The coordinates of the contacting: points of the links:with: the
row of rice:plant-are given as follows. .

i.)Front right sensor
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ok (Y =k _(6) + %MScos(Bn +0(t)) - iMWsin(8, + 6(t))

2
' T (6-41 )
S yyg(E) 1=y (E) + FMSsin(8y + 6(t)) + TMHCOS (80 + O (t))
{ 6-42 )
ii ) Front left sensor
' ‘1 S o .
xML(t) = xs(t)‘+-§MScos(§o + Gﬁt)) + %MWSln(Bo + 8(t))
o ( 6-43 )
Vg () = v (). + FSsin(ey + 0(t)) - Zuwcos (8, + 6 (t))
| ( 6-44 )
. e
iii ) Rear right sensor
Cix(E) =k () - SMSGos (85 + B(E)) - LEWsin (8, + 8(t))
SR s 2 0 2 0
' ( 6-45 )
Vl*’fyéﬁ(tff= yg(t) - %MSsin(eo + 6(t)) + %SWcos(ao + 6(t))
( 6-46 )
iv ) Rear left sénsor ™
oy (B) = %_(£) = 2MScos (8 "+ 6(t)) + ZSWsin(8, + 8(t))
( 6-47 )
TTygi(E) 7=y (8) - JUSsin(By + 0(t)) + SWeos(8y + 8(t))
{ 6-48 )

¢ ) Leftward steéring SRR -

Substituting {6 =~ 8(t)} into {8¢ + 6(t)} into Egs.( 6-
43 ) throﬁghf('6248‘)7giVe; the coordinates of the contacting
points of the links with the row of rice plant for leftward

stéering. T =0



2 ) The controil system shown in Fig, 5-3

a ) Straight travel

139

The contacting points of the links with the row of

rice. plant are given by referring Fig. 6-7.

'Re

Fig. 6-~7 Location of
with Row of

i ) "Front sensor

“;,LYMEﬂt)f= ys(t) +
ii ) Rear.sensor., g

(t) = %s(tl =

MR

- Yy B)= v (B) -

5

1

VCQntacting

Rice Plant

iMScosﬁo +

EMSsineg -

%MScoseg,—

%MSsinBD +

¥ront Sensor

| Middle Point of

-— Sensors
/11
\

Pointg\qf Links .

%MWcosea

1
2

%MWcoseu

SMWSindo.

o ( 6-49 )

( 6-50 )

( 6-51)

( 6-52 )

The coordinates of the middle point of the senSors,xS{t) and -
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ys(t) are given by Egs. ( 6-29 ) and ( 6-30 ).

b ) Rightward ste

It is as
on the center lin
located outside t

cocrdinate of the

x(t)

D

D

il

y(t)

The coordinate of

*s (8

4

ys(t)

The coordinates of
row of rice plant

i ) Front sensor

YMF(t) =

ii ) Rear sensor

Xyr () =

ering

sumed that the tUrning centers are not located
e€s of the tracks;as sﬁown in Fig. 6-1 but .

he combine body as shown ih Fig. 6-8. The
center of gfavity is given by

GRR{sin(8(t) - B89) = sinfe} . ( 6-53 )
GRR{cosB, - cos(8(t) - 8;) | ( 6-54 )
Lﬁhe_middle point of the sensor is given by
RSR{cos(Sﬂfledf; 0(t)) - cos(6- 8,)} ( 6-55)

RSﬁ{Sin(ﬁ —_90) — sin(d + 6y ~'6(t))} ( 6-56 )

the contactingpoints of the li__nks" with the

are given by the fOllowing equations.

1

x_ () +'%M5cos( Bo+ B(t)) + EMWsiﬁ(eo + 6(t))
| ( 6-57 )

y (£) + 2MSsin( 8+ 0(t)) - Tuwcos (80 + 6 (t))
(6-58 )

x  (£) - %MScos( 8, + 0(t)) - %MWsin(Su + 0(8))

( 6-59 )
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yMR(tI = ys(t) - %ﬂsSin(ep + e(t)) + %chos(e0 + e(t)?

( 6-60 )
c ) Leftwardwstegring .
The coordinate.of the center of gravity of the combine is given
by ..

_ x{t) = DGRL(sin(0(t) - 6o) + sindy) . ( 6-61)

It

v (t) DGRL{cos{B(t) - B¢) + cos8y) ( 6-62 )

The coordinate of the center of the sensors is given by

xs(t) RSL{cos (A + Bp =~ B(t)) - cos(r + 84)} ( 6-63 )

y (t) RSL{sin (A + 8;3) - sin(A + 8¢ - 8(t)). ( 6-64 )
The coordinates of the contacting points of the. links with the
row of ride plant are given as follows.

i ) Front sensor

(£) = x_ (&) + iMScos (8 - 6(f)) + MWsin(8, - 6(t))

e s 2 p)
' ( 6-65 )
N 1 . _ _ L _
yMF(t) = ys(t) + EMSSln(Bo B(t)) EMWcos(eo 6(t))

( 6-66 )

ii ) Rear sensor

xMR(t) = xs(t) - %MSCOS(BO - 6(t)) -

N’Ll—'

Wsin (6, - 08({t))

( 6-67 )
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“‘ﬂw3¥Mth)ﬂ? ys(?) ’E%MSSip(@O»T 0(t)) + %MWCQS(SO - 8(t))
{ 6~-68 )
-Using the mathematical model of the control system which
was constructed by the.above-mentioned equations and the logical
flowchart represented. in the next section, the digital simulation
of the response paths of the automatically steered .combine was.

performed by the FACOM 230-60.digital computer at Kyoto University

Data Processing. Center. . . .-

= -
- - ~ [
- - - ~
- AR -
- - 3 - -
— ~ - -
i
. -
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6-2 Logicel_Flowchart for Automatic Steering System
Slmulatlon Ce ‘
6-2-1 System mithfthe’Sensors Detecting the Row of Rice
Plant from Both Sides of It*

.;The’proCess in which the sensors detect the row of rice
plant and:aeterm;ne the steering direction is represented by
the flowchart offthe upper part in Fig. 6-9. In this process,
the combine is determined-its steering direction ( that is, |
rightward or~ieftward turning ) by the sign of deviation of the
contacting_;inks,.Tne'flom;chart in -the lower part represents
the action_of,tneimain-circuit.JIn thisgflowenert, the first
dicision,prooess;cOmparesrthe deviation4of'the‘contacting
link of the main sensor ( MLD } w1th the dev1atlon of the supple-
mentary sensor ( SLD ) and when MLD is- larger than SLD the steeing
is performed by  the main sensor. c1rcu1t When SLD is larger
than MLD on ‘the contrary, the steerlng is performed by the
supplementary 01rcu1t as shown 1n Fig. 6—10f_As soon as MLD
is occured in thls-case, the steering is performEd by the main
sensor oironitrinstead of the supplementary oiroﬁit. In Fig. 6-9,.
MPSWL indicetes‘the dead zone width of the main sensor and MSL1
is the stroteiof_thehrod_oﬁ hydraulic actuator controlled by the
main sensor circuit. In Fig. 6-10, SPSWL indicates the dead zone
widthpofithelsupplementary sensor anq”MSLZ_is the stroke of the
rod of hydran;ic'ectnetorrcontrolleq‘by the supplementary sensor
circuit. In this experiment, since MSLl is larger than MSLZ,
nthe tgrninguradius by the main sensorjoircuit is smaller. But,
since the difference between the radii of the steering by those

circuits was not confirmed according to the experiments, the
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Fig. 6-9 Logical Flowchart of Steering System for Searching

..Row of Rice Plant and Determining Steering

... Direction and Automatic Steering by Main Sensor

eqpa.lA--,r;ad_.i\i.,, of the —,Si‘—fe-e,r,ing were used for the digital s:imulat~ion.
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| covtinces %TRA}GH1i'-f“w‘”;%'“?inf

" | REGING TO STEER
" f LEFTWARDS _ :
- [CONTINCES TO S3EER
LEFIVARDS |

CYLINDER BEG
10 MOVE-:

CYLINDER 3 o B PR
TG MOVE L . - L5S2 15 BROKEN

6

TLINDER N
D1SPLACEMENT
i 5?15‘_.’)9 e .

Flg. 6- lO Loglcal Flowchart of Automatlc Steerlng System

by Supplementary Sensor Clrcult -

Accorérgghto these flowchart the simulatin programm was
obtained as shown rh{Appendlx:A at the end‘of this chapter.
6-2-2 System with Sensors betecting~the‘Row‘of Rice Plant from

“1.0ne- siderof ITt¥*. oo

The logical flowchart for the automatic steering system
isfshOthin?Fig;»Bhllﬁ.ln'this fldehart,fEMSUaﬁd.RMS represent
‘the micfbéwitdhesfbfﬂthe front and rear ‘senspors, respectively.

FD: indicates’ the:difference’ between ‘the y-coordinates of the
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’ [TRAVEL STRATGHT|-| [~ CYLINDER RETURN
] - - {TO_NEUTRAL POSITION
i s
BEGIN TO TRAVEL ]
o | FsTRaLent
NENRE | i
, . [coNTmNuE: To, - CONTINUE TO
: [STRAIGHT TRAVEL STRATGHT TRAVEL .
et Rn"""'_
< (PRE SET BAND
. 2 ;RmstrsimN“ésT*' i

, BEGINNING OF MOVE-. - [2EcinninG oF wovez | .-
g ~ L MENT QF. CYLINDER | MENT -OF CYLINDER (0 R
. = | CYLINDER CONT]NUE -;,j.'a : ;[fchINDER CONTINUE |.
- TO_DISPLACE S .70 DIsPLACE

CYLINDER
DISPLACEMENT

EEGIN 70 TURN
T0 LEFT

,
CONTINUE TO )
L|TURN TO LEFT |

1S FD

CYLINDER
S PISPLAGEMENT,

BEGIN TO TURN
“LTO_RIGHT

. [CONTIRUE TG ). ..
| TURN: TO" RIGHTZ:~- .
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= - (PR= SE

VALUE) 2, . VALUE)?
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i R JOF-SET - - L e AT | OF" SET i

VT
ra e

. Fig, 6-11 Logical. Flowchart for Digital Simulation of:the

tioime o AGtOmatic Steering System Shown in Fig. 5=3

contacting..point. given by Egs. - 6-50 ), (.6-58 ) and { 6-66 )

and of the stump of rice plant. RD indicates the difference .

between the y-coordinates of the contacting point given by .
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Egs. ( 652 ), ( 6-60 ) and ( 6-68 ) and of tlie stump of rice
plant.

According to this logical flowchart, the simulation
programm was obtained as shown in Appendix B at the end of
this chapter.
5—31Computing-Results and Discussions
.593%;w5ystemiwith,SensorsgDetecting the Row of Rice Plant from

~ “Both Sides of Tt*. |

In order to obtaln the accurate estlmatlons of the
constants such as mass moment of 1nertma about the steerlng
center and the _equivalent. v1scous damplng, the. dlgltal 51mula—
tlons were carrled out assumlng the various values of these
constants for tne art1f1c1a1 SlﬂUSOldal lnputs used for. .the
experlments and the constants Wthh gave the least dlfference
between the s1mulatlons and experiments were adopted for the
digital simulation to'the actual input row of rice plant in the
paddy field.

The computed results which gave comparatively good
agreement;with'thenﬁield'eXperiment-are shown- in  Fig. 6~12.
In this figure, the.input rows_are“indiCated_stepwiSe?With.the
solid line. In the field experiments, the input row of plant is
discrete-and this-input is converted to the continuous..input’ .~
bY:usiEgtthefGODtégting link+of the finite length longei- than:
the distance between-the-adjacent: stumps. In the :digital ...
simulation-of this-chaptery:the sensing‘method,mentioned above
could be-considered as-the 0O-order hold in- the sampled~-data
CQHtE?lgSéStem and then. the input was .shown by the series of

St$P$g:@he‘pathsgrepresented;by the broken: and .the :dot-dash
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=

6. 1 = Sampled-and-Held-Input -~
‘| <———=- Output Response '
;__m_;;ffhtdr=td]= 0.0 sec; wdr=wd1= 120 mms
. Qutput Response
- . t, .= 0.05 sec; W, =W =
§ 'tS?;uoul 5eC dr d1

Jr=JT= 35.C kg-rr.—sec2
CR= 100.0 kg-m-séc
€ = 25.0 kg-m “-sec

Fig. 6-12 Predicted Response Paths to the Artificial

Sinusoidal Input Row of Plant by Digital Simula-
tion
lines are theé predicted loci of the middle point of the sensors.
From these-régﬁfféjzi%;méy‘Bé'éppfbpriate to assume that mass

about the centers of the rightward

moments  of iﬂéf%f&wﬁﬁqénd,JL

iéﬁd&iéftﬁéraigtééfiﬁéJéfe'é&ﬁéi?and“35 kg—m-—_s'c_'a'c-:"2 and the equi=-
B e S T N N ~] _ .
valent viscous damping factors are 100 kg=m-sec for turning and
‘95 Kg-m tise¢“for straight travel. These constants take

T&ifﬁéféng;ééfﬁééiféfuthéVdifféféﬁﬁ soil conditions and machines.
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Therefore, in, the future .the accurate values must be determined
by the -experiments. . = -,

Fig. -6713 indicates ;the digital -simulation results i:..

NS

R w R SRR 10. 0 T B Lol o ‘\ o i :
S e : et M)
TR Row of R1ce P]ant as Input
, I AT .____‘“.'._i-.l_;u‘t'['_‘-ut RESDOHSE . . T LT L

td de] 0.0 sec . RTINS N T S

‘Wdr= d‘l—lz C mm ‘ ) {3 ’
;;:.\',fa,;.\.:d,]:?lﬁ, Qofme 2o, To

_Fﬁlg?""G -13"Pred cted Response Paths to the Actual Row of
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6-3-2 System with Sensors Detecting the Row of Rice Plant
from Offe 5idé of Tt*¥
““fhé ‘similation résults carried out for the actual data
in thé ‘Field are shown in'Fig. 6-14 by the solid lines. From
Eﬁégegfféﬁrég,?if”Wag“fbdﬁdﬁfhat'thé”&igitai"simﬁiatéé766mﬁihe
Qﬁg‘§fgé£ééiiééé‘thah:the'experiménteé'coﬁﬁiné, Fdﬁiéxéﬁple, in
Tésﬁfﬁ&.ﬁﬁiifhé?ﬁumbers of movements Of*thé'hy&raulic:cylinder
Wiete 62 for the ‘rightward stéering and 27 for the leftward
steering, but in case of the digital simulation they were
equal an& only 8. “Since’ the ‘difference betwesn the 51mulatlon and
expériment ‘was considerable as mentioned above, “the problem in
the “future ‘development of the automatic steering for the combine
may Béto determine’the cxact mathematidal model Sf the tracked
_véhibié’éﬁ&*fhé‘éécﬁfaté*ééﬂéﬁénﬁé1sﬂ&ﬁ‘éé*théfmasé?momeﬁ£’bf

of

1nert1aAthe vehlcle and ‘the'’ equ1valent v1scous damplnq. ‘
o o - _ ‘ - ConpUTER PREDICTIOH
R S R S e A :‘J;-’;a BT A T S T, COMB]! £ P.ESPONSE LOCI
Deap Zone (FrouT) 20 MM CyeinpeEr SPEED 130 np/sec,  -=-=— Rov oF Croes 4
DeEaD Zowe (REAR) 35 i =37

A W L L
.........

:"_‘""....'"j;....}_'"’
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‘j’*n _’;:--_---_\..,f__;_-&“--" ST
Qe

™ 9.0 8.0 7.0 &0 5.0 5.0 3.0 70 LD
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G 9.0 8.0 770 £0 50 Lo 350 20 Lo
Fig. 6-14 Predicted Response Paths to the Actual Row of Ricé

Plant in the Field by Digital Simulation
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6—3. Conclusions of This - Chapter
In order to determine the optimal combination of the
parameters in the nonlinear control system, the digital simula-
tion technique ﬁay be effective. In this chapter, the mathemat-
ical model of the automatically steered combine is proposed and

the applicability of the. automatic steering systeﬁvis discussed

in the field
by this technique. Moreover, the reliability of the model is
discussed comparing simulation and experiment results. The
following results were obtained.
1 ) The digital simulation of the automatic steering of the
combine suggested the possibility of the utilization of the
experimented system in the actual field.
2 ) The predicted paths of the automatically steered combine
were smoother than the experimental results.: Therefore, the

appropriate mathematical model for the dynamics of the tracked

vehicle must be developed in the future.
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Comblne w1th Sensors Detectlng Row of Rice Plant

from Both Sldes of It

The,

as. follows.

TR =

PSI =

" MPSWR =

TLvﬁ?
o es=
'MSR =. C

MSL =" 0.

‘731500

,8 5 kg—m
;p,o‘rad‘,ﬁi
@$9i5 mEj?
=3%6m
iifQ kg-=m -
S5 ken

525 kg my-

. DT

PSI

1'l'e

0. 02 m

- AMP: -
7?.fCVR'f 0 065 m/sec;?{‘
' SPSHWL = 0.02 m K
MPSWL = 0.012 m -
R

.. 8SL =-0.018 i

constants used in this simulation programm

DRIVE

g0.1m T

AMP
0.0 rad - .CVL
- -SPSWL

—-5ec

"100.0 kg-m-sec

AJR

AJL

are

= 0.1 m

= 0:055 ' m. -

= 0.02 m

= 35.0kg-m-s°

= 35.0kg;m—52
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SIMULATION OF MOTIOM OF AUTOMATIC STEERED COMBINE

REAL MYSL4MYSR«MDSL +MDSR s MRY «MRDSL «MRDSR +MXSL ¢ MXSR«MPSWR +MPSWL « MSL
lnM%Ron-MS-MWCTanSTsﬂ CT+MRX aMYSRO s MYSLO +MXSROVMXSLO MWST
DIMENSTON X(ZDOO)vY(dOOO\|XS(?000)nYS(?OOO)vMYSL(ZOOO)tMYSR(ZOOO)'
1IMDSL (2000) +MDSK (2000) ySDSL (2000) + SDSR(2000) + THETAC2000) «MRY (2000)

2MRDSL (2009 +MRDSR(2000) +SRDSL(2000) »SRHSR(2000) +SYSL(2000) +SYSR(2C

300)ibeLr2000)!MXSH(ZOOO)OSXSL(?OOO)QSXSR(ZOOO)OSRY(ZOOD)!XSL(200(
4) 4 RMDSI(?OOO)QRMDSR(?OOO)1RSDSL(2000)|RSDSR(2000)nCP(ZOO)qMPX(BOOC
5)«SRX(2000).

CP IS MEASUREL Y COORD[NATE OF RICE PLANT ROW

© WIS NUMBER OF. DATA

Nk 1S DELAY TIME.FOR RIGHT STEERING
NL 1S DELAY TIME FOR LEFT STEERING
KK ‘1S TEST NO.

'AMP IS AMPLITUDE OF ROw AS INPUT

T. 1S PERIOD OF ROW AS INPUT

. PSI1 IS PHASE OF ROW

DRIVE .1S ANGLE OF INITIAL TRAVEL
DG5S 1S DISTANCE FROM CENTER OF GRAVITY TO CENTER OF SENSER
CVR . 1S SREED OF HYDRAULIC CYLINDER FOR RITHT STEERING
CVL- ‘1S SPEED OF HYDRAULIC CYLINDFR FOR LEFT TRAVEL
MSR 1S PRESET RANGE OF DISPLACEMENT OF CYLINDER FOR RIGHT STEERI

. NG BY MAIN SENSING POINT :
MSL - IS PRESET RANGE OF DISPLACEMENT OF CYLINDER FOR LEFT STEERL
G BY MAIN.  SP,

SSR 1S PRESET RANGE OF DISPLACEMENT OF CYLINDER BY 'SuB SsPs
SSLL . 1% PRESFT RAMGE OF DISPLACEMENT OF .CYLINDER BY S0UB S.P.s
TR . 15 TORQUE OF RIGHT READ AXLE

.-TL . 1S TORQUE OF LEFT READ AXLE

GM IS MASS OF COMBINE

C IS5 EQUIVALENT VISCOUSITY TO STRAIGHT TRAVEL

AJR 1S MASS MOMENT QF INERTIA ABOUT AXI1S THROUGH CENTER OF ROTATIG

NAT RIGHT STEERING

AJL. 1S MASS MOMENT OF INERTIA ABOUT AXIS THROUGH CENTER OF ROTATIC

N AT -LEFT STEERING

CR 15 EQUIVALENT VISCOUSITY TO STFERING
AMR 1S MOMENT OF .RIGHT STEERING

AML 1S MOMENT OF LEFT STEERING

'MPSWR 1S PRE=SET BAND WIDTH OF DEAD ZONE OF MAIN SENSOR FOR -RIGHT

" STEERING

_ MPSWL - 1S PRE=SET BAND WIDTH OF DEAD ZONE OF MA[N SENSOR FOR LEFT

STEERING .
SPSWR 1S PRE=SET BAND WIDTH OF DEAD ZONE OF SUB SENSOR FOR RIGHT
STEERING

SPSWL 1S PRE-SET BAND EIDTH OF DEAD ZONE OF SUB SENSOR FOR LEFT S

TEFRING

X 1S X=COORDINATE OF THE POSITION OF THE CENTER OF GRAVITY

Y = 1S Y=COORUINATE OF THE POSITION OF THE CENTER OF GRAVITY

XS 15 X=COORDINATE OF MIDPOINT OF THE SENSOR

YS 1S Y=COORDINATE OF MIDPOINT OF THE SENSCOR

MYSL 1S Y=COURDINATE OF LEFT CONTACTING POINT OF THE MAIN SENSOR
MYSR IS Y=COODINATE OF RIGHT CONTACTING POIMT OF THE MAIN SENSOR
SYSL 1S Y=COORDINATE OF LEFT CONTACTING POINT OF THE SuB SENSOR
SYSR 15 Y-COORDINATE OF RIGHT CONTACTING POINT OF THE SUB SENSOR
.MxSL_Ls X= COORDINATE OF LEFT CONTACTING POINT OF THE MAIN=SENSOR

1

b
i
I



=
-
*

aXalalaNalalaNe

175

MXSR™1S X=COOKDINATE OF RIGHT CONTACTING POINT OF THE MAIN SEWSOR
SXSL IS X~COORDINATE OF LEFT CONTACTING POINT OF THE SUB SENSOR
SXSR I'S X-COORDINATE OF RIGHT CONTACTING POINT OF THE MAIN SENSOR
WM 1S DISTANCE OF CONTACTING POINTS OF MAIN SENSOR
WS- 15 DISTANCE OF CONTACTING POINTS OF SUB SENSOR
15 DISTANCE FROM MAIN CONTACTOR TO SUB CONTACTOR
MRY IS Y=COURDINATE OF THE ROW OF CROP AT MAIN SENSOR
- SRY 1S Y-COORDINATE OF THE ROW QF CROP AT MAIN SENSOR
111 READ(5+100¥NiKKvAMP+DT s ToNReNL
100 FORMAT(21843F10+04218)
IF(KK+£0,0)GO TO 112
READ(5+123)PSTeDRIVE ¢+DGSsCVRCVL +MSR eMSL +SSRSSL+ALPHAWBETAWDELTA
1ALAMPASPHT A TR TL +GMaCaAJRVAJL s CRYAMR ¢AML 4 RSL4RSR4DGRR 4 DGRL ¢+ MPSWR 4 &
205 L +SPSWRYSPSWL « MW+ S 4 MS ‘
123 FORMAT(TF10.0)
DO 334 -1=14192

- 334 CPCI)=100. O*SIN(FLOAT(I-I)*O 2618+3 14159)

Evy=0,444=-CpP(1)71000.,0
WRITEC(6+101) -

1CG1 FORMAT(1H1139HSIMURATION OF AUTOMATIC STEERED COMBINE)

. WRITc(ﬁ 1 o

1 FOHMAT(lHDn5Xn16HSINUSOIDAL INPUT)

WRITE(é~102)NQKK~DT~DRIVE TRaTLaGMACsCR

102 FORMAT(lHO-ZHN—IB IXAy3HKK=IBa1%43HDT=F10.5+1X+6HDRIVE=F1045 lX;BHT
C1R= F10. 501X 3HTL=F10:541Xe3HGM=F10+581X42HC=F10:5+1X+3HCR=F10.:5)
WRITE(6 103)AMPquP§[qCVRqMSR-SSRqAJRsAMRsMPSWRqSPSWRcNR RSR

i03 FOHMAT(IHO. X AHAMP=F 104544 X 2HT=F 10+ 504X v 4HPST=F 1045 44X 4HCVR=F10
Le5v4Xv4HMSR=F10e5v4X v 4HSSR=F10¢5¢4X4HAJR=F10+5///+v1H +4HAMR=F10.5
2s4K!6HMPSWR Fi10. 3-4X96HSPSWR FLOe544X+3HNR=18 44X +y4HRSR=F12.5)
WHITE(ﬁulOQ)AVP T PSIqCVl!MSL-SSIoAJL AML +MPSHL « SPSWL «NL «RSL

104 FORMAT(JHOvZX 4HAMP= *F10e 504X 2HT=F1045 04X, 4HP5|—F10 5+4X 4HCVL=F1Q

154X v4HMSL=F10, 5s4Xv4HS§L F1045+4Xv4HAJL= F10o5///~lH v4HAML = F10.5

2~4K~6HMPSWL FlO S5+4X16HSPSWL= FlO 5\4X-3HNL-[8-4X~4HRSL=F10 5)
WRITt(GQIOT)

107 FOHMA1(1H0w5X lHL 6X91HXq6X lHYaGX-2HXS'5X12HYS¢3X94HMX5Lu3X GHMY S
1La$X 4HMX5H~3X 4HMYSR 3X» QHQXSR¢3X-4HSYSR~3Xt4HSXSL03X14HSYSL42Xo6
2HTHETAO~3X~3HMHX\4X~3HMRY 4X 4+ IHSRX 44X ¢ 3HSRY)

Ak=6, 8831/T
X0=0,0" "
WX50=O-O f ‘
¥50=0,0"
*THFTAO DRIVE
M 2
11 I=1

WRITEC6+204) © = - e

204 FORMAT(IH -31HBEGINNING OF QTRAIGHT TRAVELING)

CT=COS¢THETAO) -
ST SINC(THETAO)
GC=6GM/ (C*C) '
VU CG=C/GM -
- PT=PHI=THETAO
DSP=DGS*SIN(FT)
DCP=DGS*COS(PT)
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CGPT=C6*DT
CTCG=CT*GC
5TCG=5T*GC
MWCT=MW#CT/240 |
SWCT=SwW*CT/2+0
MSST=MS#ST/2.0
MWST=MW2ST/240
SWST=Sw#ST/2, 0j¥u
MSCT=MS#¥CT/2+0
12 CI==2.0%FLOAT(I) "
_ FR=TR#(2,0%EXP(CI)+1.,0)
FL=TL*(2.0%EXP (£1)+140)
FRLC=(FR+FL)*CTCG L
FRLS=(FR+FL)*STCG
AT==CGDT*FLOAY(I)
¢ L=L+l
e o XD x0+FRLC*fEXP\AI)+CGDT*FLOAT(1)-1 o)
R E Y0+FRLS*(EXP(AI)+CGDT*FLOAT(I) 1.0)
XS(Ly= X(L)+DSP :
YS CLY=Y(LI+DCP
MYSL (L) = Yb(L)+MSST MWCT
MYSRCL) =YS (L) +MSST+MWCT
SYSL(L)=YS(L)~MSST~SWCT
SYSR(LY=YSC(L)Y=MSST+SWCT
MXSLCLY=XS (L) +M5CT+MWST
MXSRCL)=XSCL) +MSCT=MWST -
SXSLCLYI=XS (L) -MSCT+SWST
SXSRCLY=XS(LY=-MSCT~ SWST -
CMRXCL)Y=ASCL)+0.08%#CT
SRX(LI=XS(L)—=0:08%CT
DMN=0. 15*(FLOAT(M))+1-587
IF(MRX(L) + GE<DNNIGO TO 35 _ .
TFCMRX (L) oL T DNN)GO TO 36“'”1 ) -
35 M=M+1 . -
el IF(M.EQ. 290)60 TO 112
36 MRY(L)=CP(4)/1000.0+EY
S SRY(L)=CP(M=1) /1000, 0+EY
MDSL (L) =MRY (L) =MYSL (L)~
MDSR (L)Y =4RY (L) ~MYSR (L)
SHSLCLY=SRY(L)=5YSL (L)
TSPSRCLI=SRY(LY=SYSR(L)
WRITECH+108IL X (L) s Y (L) 4 XSCL) 4 ¥YSCL) s MXSL(L).MYSL(L)'MX%R(L) MYSR (L
1)»%XSH(L)15YSR(L) SXSLCL) vSYSLCL) yTHETAO«MRX (L) ¢ MRY (LY +SRX (L) +SRY(
2L) F
108 FORMAT(1H- .2x116‘1rF7 4)
IFCLEQ@NIGO-TO 111
IF(MDSRCL) +GE0,0)G0O TO 200
IF (MDSI. (L) +LE+ Oy 0YGO To 600
[F(SPSRL)+GE.00)GO TO 1000
IF(SDSI(LJ.LE 0 0G0 TO 2000 ’
P=t+1 - o
Go To 12
200 WRITE(6+201)" :
201 FOHMAT(lHO 50HBEGINNING OF CONTACT OF RIGHT MAIN SENSOR WITH ROW)
202 I=1+1 S
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L=t+1
jAI"-CGDT*FLOAT(l)
XCLy= XO+FRLC* CEXPCATY+CGDT#FLOAT (1)~140)
YU =YO*FRLS*CEXP(AI) +CGDT#FLOAT(1)=14+0)
XSCLY=xX (L) +D5SP
YSC Y=Y (LY +DCP ‘
MYSL (L) YS(L}+MSS1 MHCT
‘MYSP (L) = =YSC(LI+MSSTHMWCT
SYSL(L)=YS(L)=MSST=SWCT
MRXCLLY=XS (L) +0.,08%CT
gSRx(L) =XS(L)~0s0B#CT
DNN=0, 15% (FLOAT (M) ) +14587
CIFCMRX (L) «GEvDNNYGO TO 40 -
IF (MRX (L) LT DNN)GO TO 41-“
40 ‘M=M+1 - :
CLF(MJE@.190)GO TO 112
41 MRY(L)=CP (M) /1000, O+EY
. SRY (L) = rP(M~1>/1000 O+EY
SYSR(L)Y=YS(L)=MSST+SWCT
MXSLCL)Y=XS (LY +MSCT+MWST
MXSRCLY=XS (1) +MSCT=MWST
SXSLCLY=XSC(L)Y=MSCT+SWST
. SXSRCL)=X5(L)=MSCT=SWST .
WRITEC6H+1O0BIL o XCLY ¢Y (L) «XSCLY s YSCLY s MXSL (LY yMYSL (LD sMXSRCLY sMYSR (L
1)~SxSH(L)'SY5R(l) SXSLCL) +SYSLCLY ¢« THETAQ«MRX (LY +MRY (LY +SRX (L) +SRY
2Ly ‘
RMDS'(L) (MRY(L)-MYSL(L))/CT
RMDSR (L) = (MRY (LY=MYSR(L)I)/CT
:RSDSL(L) - (SRY (L)=SYSL (L)) /CT L
“RSIHSRALY=(SRY (L)=SYSR(L))I/CT
CTFCLLEQNDGO TO 121
_IF(RMDSR(L) +GE+MPSWR)GO TO 300
“1F(RMDSL (L)Y +LEs=MPSWL)GO TO 700
TFC(L.EQ.N)GU TO 111
GO TO 202
300  WRITE(6+301)
301 FGRMAT(lHOchHRIGHT RERAY IS IN SET)
CIF(LJE® N)GO TO 111
J=0.
302 J=J+1
L I=1+1
Al==CGDOT+FLOAT (1)
. DCR=CVR#DT*FLOAT (J) , ,
XU = A0+FRLC*(EXP(A!)+CGDT*FLOAT([)-1 0y
YL = YO+FRLS*(EXP(AI)+CGDT*FLOAT(I)-1 0)
.1Y(i)-(x(L)-x0)*9T+Yu'
CXSCL)=X(LY+DSP
TYSILI=Y (LI 4NCP
'ﬁMYQL([)—YS(L)+MSST-MWFT
CMYSROLY=YS (L) +MSST+MWCT
L SYSL (LI =YS(L)~MSSTTSWCT
CSYSRCLY=YSCL)=MSST+SWCT
T MXSL LY =XS (L +MSCT+MWST
“MXSH(L)_X (L)+MSCT-MW5T
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aX%L(L) XS(l)—MSCT+SWST
SXSR(LI=XS(L)=MSCT=SWST .

MRX (L) =XSCL)*+0+08%CT.
SRx(L)-XSCL)-o 08%CT . PO
DNN=0.15%(FLOAT(M) Y +1.58T7 . .. . .. .
[F.(MRX (L) « GESDNN)GO TO. 45

TFCMRXC(L) 4L T UNN)GO TO 46_

M=M+1. .

IF (M. Lw-190)60 TO 112

MRY (L)=CP(M)/1000.D+EY
SRY{L)=CP(M=1)/1000.04+EY

- RMDSR (L) =(MRY (LY ~MYSR (L)) /CT

400

- 401

WRITECA108ILaXCLI Y (L) o XSCL) s YSCL) sMXSLCL) «MYSL (L) tMXSRCL) «MYSR (L

;Z»%XSP(L)-SYSR(L) VSXSLCLY +SYSLCL) « THETAO;MRX(L).MRY(L)nSRX(L)cSRY(
) S 5 _

IF (L EQNYGO TO. 111 . H.; o

1F(DCR.GE.SSRIGO TO 400 . T e

G0 T0 302

PMDSRO RMDSH(L)

WRITEC6+1401) - '

FOHMAT(1H0-27HBEGINNING OF RIGHT STEERING)

X0=X (L)

LYD=YC(LY . . o D .
XSO=X$CLy. .o L ,

YS0=YS (L)

MYSLO=MYSL (L)
MYSRO=MYSR (L)
SYSLO=8YSL (L)

.. SYSRO=SYSR (L) : e e e e

402

S L=l

MXSLO=MXSL (L),
SXSLO=SXSL (L)
SXSRO=SXSR(L)

J=J+1

K=1 -

ACR=AMR/CR
AJCR=AMR*AJR/ (CR%CR)
ARG=CR/AMR . ..

SAT=S [N CALPHA+THETAQ)

~ CAT=COS (ALPHA+THETAD)

Axl—-LH*DT*FLoAT(K+NR 1)/AJR
[=T+1 '

J=J+1.

THFTA(K+MR 1) (AJCRIMEXPCATL) +ACR#DT#FLOAT (K +NR=1)=AJCR
ATT=ALPHA+THETA(K+NR~1)>+THFTAO

X (L) =X0+DGRR* (SINCATT)I-SAT)

Y(L.Y=YO+DGRR¥ (CAT=COS(ATT))

DTO=DELTA+THETAO,

DTT= DFLTA+THFTA0+THETA(K+NR 1)

XSCLY=XSO+RSR* (COS(DTT)=COS(DTOU))
YS(L)=2YSO=RSRA(SINCDTO)=SINIDTT))
CTTRCC=COS(THETAO+THETA(K+NR=1))
CTTRSS=SIN(THETAQ+THETA(K+NR=1))

MYSLCLY=YS (L)Y +MS#CTTRSS/2.0~MwxCTTRCC/2.0
MYSRCLI=YS(L) +MS*#CTTRSS/20+MW%CTTRCC/2.0
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SYSL(L)=YS(L)~MS*CTTRSS/2 «0=SW*CTTRCC/2.0
SYSRILI=YS(LI~MS*CTTRSS/2.0+SW#CTTRCC/2490
MXSL (L) =XS(LY+MSHCTTRCC/24+04+4MW*CTTRSS/2,.,0
MXSRLI=XS (L) +MSHCTTRCC/ 24 0=MWXCTTRSS/2.0
SXSL(LY=XS(L)=MS#CTTRCC/2+0+SW*CTTRSS/2.0
SXSRCLI=XS(L)=MS*CTTRCC/240~SWRCTTRSS/240
MRX(LY=XS(L)+0.08xCTTRCC
SRXCLI=XS(LY=0.08*%CTTRCC
DNN=0.15% (FLOAT(M))+1,587
[F (MRX(L) «GE+DNN)GO TO 80
.. TE(MRXCL) o LTsDNN)GO To 81
80 m=m+1- -
IF (M. Em.190)Go TO 112
81- MRY (L) =CP(M)/1000.0+EY
SRY(L)= CP(M-1)/1000 0+EY
IR=L~=J 3 ‘
. WRITE(6~108)L X(L)-Y(L)cXS(L)1YS(L)|MXSL(L)AMYSL(L)0MXSR(L)oMYSR(l
' 1).SXSR(L)oSYSR(L)oSXSL(L)oSYSL(L) THETAD +MRXCL) +MRY (L) ¢« SRXCL) +SRY1
2Ly -
RMDSR(L) ABS(MY%R(L) MYSRO)/CTTRCC
IF(L+E@sNIGO TO 111 - =
IF(RNDbR(L).GE ABS(RMDSRO)-MPSWR)GO TO 500
I 1 < R
GO TU 402
500 WRITE(64501) :
501 FORMAT (1HO44HEND OF RIGHT STEERING BY TIME DERAY CIRCUITS)
e XOSX(L):
cooo¥QeY L) o s
XSO0=XSCLY -
YSa=YS(L)
- MYSLO=MYSL (L)
MYSRO=MYSR (L)
SYSLO=SYSL (L)
SYSRO GYSRCL): -
MXSLO=MXSL(L) = .
MXSRO=MXSR (L)
SXSLO=SXSL (LY
SXSRE=SXASR(LY
THETAO= THth(K+NR l)+THETAO
GO . TO 11

.. 1000 WRITE6 1001)

1001 FORMAT(lHO.#?HBEG[NNING ‘OF CONTACT OF RIGHT SUBWSENSOR WITH ROW)
1002 1=1+1-. .- ;

L=t.+i . -

A]--CbDT*FLOAT(I) \
X(L)=X0+FRLC* (EXP (A1) +CGDT*FLOAT(1)>=1.0)
Y= Y0+FRlS*(EXP(AI)+CGDT*FLOAT(I)-1 0)..
XS (LY=X(L)+DSP. -

YSCL)=Y(L)+DCP .- R

MYSL (L) = YS (L) +MSST= chr"

MYSR(LI=YS (L) +MSST+MWCT

SYSL (L) =YS(LI~MSST=SWCT
SYSRCLY=YS(L)=MSST+SWCT
MXSLCLY=XS (L) +MSCT+MWST
MXSRCL) =XS (L) +MSCT=MWST
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SXSL(LY=XS (L) ~MSCT+SWST

SXSRCLI=XS(L)=MSCT-SWST
MRXCL)=XS(L)+0.08%CT

CSRXCLY=XSC(LY=0s08%CT

55

56- M

DNN=0115%# (FLOAT(M))+14587
“JF(MRX (L) +GE«DNN)GO ' T0O .55
CJECMRXCL) oLTDANIGO TO- 56
M=M+1 h

IF(M EmlJGO)GO TO 112
MRY (L) =CP (M) /1000, 0+FY
SRY((L)=CP(M=1)/1000,0+EY

180

WRITE(6+108) L X(L)iY(L)!XS(L)tYS(L)!MXSL(L)!MYSL(L)OMXSR(L) MYSR (L

1)0§X5R(L)-SYSR(L)nQXSL(L)!SYSL(L)sTHETAOoMRX(L)oMRY(L)QSRX(L)-SRY(
2Ly -

RMDSL (L) = (MRY (L) =MYSL (L)) /CT

:RMDSRLL) (MRY (LY =MYSR(LY)/CT

RSDSL (L)Y =(SRY(L)=SYSL(L)Y/CT

RSDSR(LI=(SRY(L)=5YSR(L))/CT

IFCL«E@N)GDO TO 111

. 1F (RMDSR(L) +GE+MPSWR)GO TO. 300

IFC(RMDSL (L) «LE.~MPSWLIGO TO 700
" IFCRSDSR(L) +GE+SFSWR)YGO TO 1300
~TFC(RSDSLCL) +LE+=SPSWL)GO TO 2300._

S I=1+1
S TF (L F@EN)GO TO 111

1300.
1301

1302

-GO-TO- 1002

WRITE(6+1301)
FORMAT (1HO413HRMS 1S IN SET)

CIFC(L+ER«N)GO TO 111
- J=0 :

J= )+l
=[+1
L=t.+1

U A1==CGDTRFLOATCID

. DCR= CVR*DT*FLOAT(J)
L XCL)=XO+FRLC* (FXP (A1) +CGDT*FLOAT(1)=1,0)

YU =YO+FRLS* (EXP (AI) +CGDT#FLOAT (i) =140)
YL =X L) =X0) #5T+YO0

XSC(L)=X(L)+N5P

S YSCL)Y=Y(L)Y+DCP

CMYSLCLY=YS(L)+MSST~MWCT

CMYSR(L)=YS (L) +MSST+MWCT

-‘Ygl(l) ¥S(L)=M55T~ ~SWCT

SRILIFYS (L) ~MSST+SWCT

uMXSL(L) XSCLY+MSCT+MWST
- MXSRCLY=XS (L) +MSCT~MWST
. S%SL(L)=XS5(L)=MSCT+5WST
. SXSR(L)Y=XS(LY~MSCT=SWST
MXSLAL) =XS(L)+MS*CTTRC/240+MWxCTTRS/2.40
CMXSROLY=XSCL) +MS*CTTRC/2.0=Mu*CTTRS/240
SXSLILY = =XSC(L)-MS*CTTRC/2+04SW#CTTRS/240
. SXSRCLY=XS(L)~MS*CTTRC/2+0=~SW#CTTRS/240

MRXCL)=XSCL)+0.08%CT

. SRX(LI=XS(L)=0,08%CT
" DNN=0. 15% (FLOAT (M)} +1,587
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TF(MRXCL )Y «GEWZDNNYIGO TQ 50

IFCMRXCL) . LTS DNN)GO ru 51

M= M+l .

IF(MJER 190)(0 TO 119

MRY (L) =CP(M) /1U00.0+EY

SRY(L)Y=CP(M=1)/1000.04+FY

RMDSR (LY =(MRY (LY=MYSR(LY)/CT

RSDSRCLY=(SRY(L) =SYSRCL))/CT

WRITE (64108YLvXCLY oY (L) s XSCL)Y «YSCL) eMXSLCL) oMYSL (L) sMXSRCLY vMYSR (L
éz;SXSR(L)aSYSH(L)vSXSL(L)‘SYSL(L)vTHETAOaMRX(L)qMRY(L)uSRX(L)sSRY(
[FC(LEQVWNIGO TO 111 .

1F-(RMDSRCL) + GE «MPSWR) GO TO 400
- IF(DCR.GE+SSRIGO To 1400

GO. TO 1302 - - o R : S . .
RSNSRO=RSDSR(L) . T P PR
WRITE (6+1401) S - SR
FORNAT(1H0¢27HBEGINNING OF RIGHT 'STEERING)

X0=XCL)

Yo=Y (L)

xs0=x5(L)

YS0=Y5(L)

CMYSLO=MYSL (LY. e em - -

" MYSRO=MYSR(L) =

SYSLO=SYSL (L)
SYSRO=SYSR (L)
MXSLO=MXSL (L)
MXSRO=MXSR (L)

. SXSLO=SX5L(L) ¢

SXSRO=8XSR (L)
JEJEL e
K=l -

ACR= AMH/CR |
AJCR=AMR¥AJR/ (CRXCR)
ARC=CR/AMR .
SAT=SIN(ALPHA+THETAO)
CAT=COS (ALPHA+THETAO) -
B11==CR*DT#FLOAT(X) /AJR
L=l+1

cLI=T+1

CJ=dEl

 THFTA(K) = (AJ'R)*EXP(Bll)+ACR*DT*FLOAT(K)-AJCR

ATT=ALPHA+THETACK) +THETAO
X(LY=X0+DGRR*(SIN(ATT)=SAT)
YD) = Y0+DGRR*(CAT-C09(ATT))
DTG=DELTA¥THETAQ - .

. DTT= DhLTA+1HETAO+THETA(Y)
XS L) =XxSU+RSR*¥(COS(DTTI=COS(DTYY)
YSCL) =YSO~RSR*® (SINCDTO)=SINCDTT))
CTTRC=COS(THETAO+THETA(K))
CTTRS=SIN(THETAO+THETA (K))
MYSLE (L) =YS (L) +MS#CTTRS/2 4 0=MW*CTTRC/ 240
MYSRCL) =YS (L) +MS*CTTRS/2, 0+MW*CTTRC/2.0
SYSLCLY=YS(L)=MS*CTTRS/2:+0=SW*CTTRC/2.40
SYSR(LI=YS(L)~MS*#CTTRS/240+SwxCTTRC/240
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MXSL L) =XS LY +MS%CTTRC/ 24 O+MW*CTTRS/240
“MXSREL)=XS L) +MS*CTTRC/240=-MW%CTTRS/240

T SXSL CLYSXS (LY SMS*CTTRC/ 24 0+SWCTTRS/ 240

TSXSRCLYEXS (LY =MS*CTTRC/ 2+ 0=SWHCTTRS /2 ¢ 0

CMRXCLY=XS(L)+040R%CTTRC . .
SRXCL)I=XS(L.)=0+0B*CTTRC"
DNN=0 ¢ 15% CFLOAT (M) +1.587

U IF(MRXCL) «GE+DUNN)GO TQ 85

85

86

CTFAMRX (LY LT DNN)GO TO 86
“M=M+1

“1F (M Em.190)eo TO ‘112

MRY CLY=CP (MY /1000.0+EY

SRY(L)= =CP (M=1)/1000.0+EY
U IR=L=J

-. 1500
1501

WRITEC69108)LaX LY« YCLY +XS(L) 4 YSCL) ¢+MXSLCL) yMYSL (L) sMXSRCL) s MYSR (L
1).§XSR(I)oSYSR(L)nSXSL(L)cSYSL(L)uTHETAOqMRX(L)oMRY(L)oSRX(L)qSRYt
2Ly -

RSDSRIL)=ABS(SYSR(L)~SYSRO)/CTTRC

IFCL+EQ.NIGO, TO 111

£ (RSDSR (L) «GE 4 ABS(RSDSRO)-SPSWR)GO TO 1500

KEKHD

GO TO 1402 - o o

WRITEC6+1501) -~ ~ | ST
FORMAT(1H0y2lHEND OF RIGHT STEERING)

X0=X (L) :

YO=YCLY

XSOC=XS(CL)

YSO=YS(L)

o MYSLO=MYSL (L)

600

.. 601

602

‘MYSRO=MYSR (L)
SYSLO=SYSL (1.)
SYSRO=SYSL (L)
MXSLO=MxsLCL)
‘MXSRO=MXSR(L) "
SXSLO=SXSLC(LY
- SXSRO=SX%SR(L)
THETAO=THETA(K)+THETAOQ
"TF(L+ER. N) GO 10 111 ‘
GO TO 11 .
WRITE(6+601) _
FORMAT(IHO, 49HBEGINNING OF CON1ACT OF LEFT MAIN SENSOR WITH ROwW)
I=1+1 7
L=+l S o
AT -CGDT*FLOAT(I) _
XL = x0+FRLc*cExP(AI)+CGDT*FLOAT(1)-1-0)
YD) =YO+FRLS*(EXP (A[) +CGDT#FLOAT (1) w140)
XSy = XC(LY+DSP
YSCLY=Y(LY+DCP -
fMY L (L)Y = Yb(L)+MSST—MWCT
YSRCLY=YS (L) +MSST+MVCT
15YSL(L;=Y5(L)-MSST-SWCT
SYSR(LY=YS(L)=-MSST+SWCT
‘MXSL(L) =XS(L)+MSCT+MWST,
"‘MXSRCLY=XS (LI +MSCT=MWST
SXSL(LI=XS(L)~MSCT+SWST
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60

61

SXSRCLI=XS (L) =MSCT=~5WST "
MRXCLY=XS(L)+0+08%CT
SRXCL)=XS(L)=0.08%CT
DNN=0+15%(FLOAT(M))+1.587
IF (MRACL) GE.DMNN)YGO TO 60

CUTECMRXCD) o LT.DNNIGO TO 61

M=M+1 -

CUIE (M E¢.190>Go TO 112

MRY (L) =CP (M) /1000.C+EY
SRY(L)=CP(M=1)/1000.0+EY

183

- WRITE(G\lOa)LqX(L) YCLY o XSCLY o YSCL) aMXSLCL) +MYSL (L) «MXSRCL) sMYSR(L
l)y%XSH(L)sSYSR(L)-SXSl(L)'SYSL(L)1THETA0~MRX(L)0MRY(L)oSRX(L)tSRY(

2L

RMDbL(L)?(MRY(L)-MYSL(L))*CT
RMDSR €L )= (MRY (L) =MYSR (L) ) *CT
RSDSL (L¥=(SRY (L) ~SYSL (L) )*CT

_ RSDSRLY=CSRY (L) =SYSR(L)Y)I*CT

15
16

IFCLEQNIGO -TO 111

1F (RMDSL (L) « LEW=MPSWL)GO TO 700
IF(RMDSR L) « GE «MPSWR) GO TO 300
IF CRSDSL(LY «LE+=SPSWLIGO TO 2000
1F (RSDSRCL) +GE+SPSWR)GO TO 111

. GO TO 6902 . C e e e e

WRITE(64+701)

FORMAT (1HO+20HLEFT RERAY IS IN SET)
IF(LEQs N)GO TO 111

J=0"

J=J+1

R S N
L=l+1

Al==CGDT#*FLOAT(I)

DCL=CVL*DT*FLOAT (JY _ S '
X()= ¥0+FHLC*(EXP(AI)+CGDT*FLOAT(l) =1+0)
Y(L)= Y0+FRLS*(FXP(AI)+CG T*FLOAT(!)-l 0)
XS eLy=x(L)+DSP - -

YSCLY=Y (L) +DCP .

MYSL CLY= YS(L)+MbwT-MWCT -

MYSRCLY=YS(LY +MSSTHMWCT -
SYSLCLY=YS5(L)=MSST=SWCT

SYSRCL)I=YS (L) =MSST+SWCT o
MXSLCLY=XS (L) +MSCT+MWST -
MXSRCL)I=XS (L) +MSCT=MWST - = e s
SXSLCLI=XSCL) =MSCT+SWST
SXSR(LY=XSEL)=MSCT= swsT'

MRX (L) =XS(LY+0s08%CT "

SRX (LI =X5CLY =0 08%CT

. DNN= O-15*(FLOAT(M))+1:507

IF(MRX(L)-GE DNNY GO T0O 15
IF(MRX(L) LT DNN)GU TO 76
M=M+1 "

IF(M Fw-190)GO TO 112
MRY(L) CP(H)/lOOO O+EY -
SRY (LY CP(M-l)IIOOO 0+EY

 ,RMDSL(I)=(MRY(L)—MYSL(L))*CT
CWRITECHY108)L e XCL) sYCL) » XS(L)1YS(L)'MXsl(L)wMYbL(L)tMXbR(L)tMYSR(L
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)%

1>.SXSR(L).5Y5R(L).SXSL(L).SYSL(L).THETAO MRX(L).MRY(L)tSRX(L)tSRY(
2Ly
CIF (L EQe N)GO TO 111 -
1F(DCL.«GESSLIGO ‘TO 800 -
, GO TO 702
800 RMDSLO=PMDSLCL)Y . & .
WRITECA+801) - ‘ ' '
801 FORNAT(lHOc26HBEGINNlNG OF LEFT STtERlNG)

X0=X(L). - .

YO=Y (L)

e XSO0=XSCL)
Ys0=YS (L)
MYSLO=MYSL(L)

. MYSRO=MYSR(L)
SYSLO=SYSL (LY - ™
SYSRO=SYSL (L)
MXSLO=MXSL (L)
MXSRO=MXSR (L)
SXSLO=SXSL (L)

SXSRO= SXSR(L)
J=+1 o '
K=1: -
I B0
AcCL=amMiL/CR -
AJCL=AML*AJL/ (CR*CR)
ALC=CR/AML .
SHT=SINC(RETA=THETAO)
CBT=COS{(BETA=THETAQ) : :
802 A12==CR*DT#FLOAT(K+NL= 1) 7AJL
1=1+1
Colk=L+l ‘
CTHFTACK+NL= 1) CAJCLI*EXPCAT2) +ACL*DT*FLOAT (K+NL=1)=AJCL
U RTT=BETA+THETA(K+NL=1)=THETAQ
XL =XO+DGRL#(SEN(BTT)=~SBT)
YL)=YO+DGRL*(COS(BTT)I=CRT)
ALTO=ALAMDA+THETAQ
ALTT= AlAMDA+THETAO—THFTA(K+NL 1)
XS (L) =XSO0+RSL*CCOSCALTTI=COSCALTO))
YSCLY=YSO+RSL# (SINCALTTY=SIN(ALTO))
CTTLCC=COS(THETAQO~THETA(K+NL~1))
e CTTLSS=SINCTHETAO=THETA(K+NL=1))
MYSL (L) =YSCL) +MS#CTTLSS /24 0=MW*CTTLCC/ 240
MYSRCL)=YS (L) +MS*CTTLSS/2,,0+MW=xCTTLCC/2.40
SYSL(LI=YS(L)=MS*CTTLSS/2+0=SWxCTTLCC/2.0
SYSRCLI=YSCL)-MS*CTTLSS/2+04SWCTTLCC/24.0
MXSL (L)Y = xscL)+Ms*CTTLcC/2.o+ww*CTTL55/2.0
MXSR(LY=XSC(L)Y+MSHCTTLCC/ 2+ 0=MW*CTTLSS/ 2.0
SXSLCLY=XSCLY=MS%CTTLCC/2+10+5w#CTTLSS/2.0
SXSRCLY=XS(L)=MS*CTTLCC/2+0=SWHCTTLSS/240
MRXCL) =XSC(LY+0,08*CTTLCC
SRX(LI=XS(LY=0.08%CTTLCC
DNN=0.15% (FLOAT(M) ) +1,587
C1F(MRXCL) +GE+DNNYGO- TO 92
IF(MRX(L).LTaDNN)GO TO 91
92 M= M+1 :

vyt ——————— e
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900
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D 5. SV

IFMMIER1990)GO TD- 112

MRY (L)=CP (M) /1000.,04+EY

SRY(L) CP(M-l)/lOOO 0+FY T

T N DT EE S -
WRITE(b.loe)L.XCL)~Y(L).XS(L).Y5(L).MX%L(L).MYSL(L)'MXSR(L).MYSR([
1)~§XSR(L)QSYSR(L)oSVSL(L)cSYSL(L)oTHETAO MRX (L) +MRY (L) +SRX (L) +SRY!
2L) -

‘RMDJL(L) ABS(MYbL(L)-MYSLO)/CTTLCC

JFCLeERWNIGO TO 111 -~ -

1F (RMDSL (LY GE ABS(RMDSLO)-MPSWL)GO TO 900
K= K+1-. ,

T60-TO aO° .

WRITE(64901)

-FORMAT(1H0.44HEND OF LEFT STEERING BY TIME DERAY CIRCUITS)

S ¥Y0=Y (LY

: x50=x5(L)

L YSO=YS(L)

MYSLO=MYSL (LD

- MYSRO=MYSR (L)

SYSLO=SYSL(L)

" SYSRO=SYSR(L?

- MXSLO=MXSL(LY. - L e e
MxSRO=MxSR(L) MR g o

S SXSLO=SXSL(L)
T SXSRO=5XSR (L)
" THETAO=THETAO-THETA(K+NL=1)

2000
2001
2002

CIFCL+E®NIGO TO 111

LG TO 11

WRITE(6+2001)

FORMAT (1HO, 48HBEGiNNING OF CONTACT OF LEFT SUB SENSOR WITH ROW)
=t oo

S l=ii)

'TA] -CbDT*FlOAT(I)

LUXL)= X0+FRLC*(EXP(Ati+CGDT*FLOAT(l) -1.0)
S Y1) =YO+FRUS* CEXP (A1) +CGDT#FLOAT (1) =140)

- XS(L)=X (L) +DSP
CYSELY=YCL)+DCP
i MY%L(L)~YS(L)+MSST~MWCT

CMYSROLY=YS (L) +MSST+MWCT

I SYSL L) =YS L) =MSST=SWCT

T GYSROL)=YS (L)Y =MSST+SWCT

S MXSLCLY=XS (L) +MSCT+MAST
CMXSRCLY=XSC(L)Y+MSCT=MWST - ©

SXSL ) =XS (L) =MSCT+SWST

SXSRCLIEXS (L) =MSCT=SWST i

MRXCL)=XS(:)+0,08%CT "
SRX(L)=XSCL)Y=0.08%CT

" DNN=0415% (FLDAT(M))>41.587

65

66

FIF(MRXCL) wGEYDNNYGO . TO 65

L TFCMRX (L) WLTeDNN)XGO . TO 66

M=+

IR (MWER.1909GO TO 112

MRY(L)=CP(M)/1000+0+EY
SRY(L)Y=CP(M=1>/1000.,04EY
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I

“WRITEC63208IL X (L) oY (LY o XSCL) s YSCL) +MXSL L) «MYSL (L) +MXSR(L) +MYSR(L
;)-HXSR(L)-SYSR(L)nSXSL(L)-SYSL(L)oTHETAO;MRX(L)oMRY(L)cSRX(L)~SRY(
L) L
RMDSLCLY= (MRY (L) =MYSILL (LYY *CT
RMNDSRCLI=C(MRY CLY=MYSR (L)) *CT
RSDSLCLY=C(SRYCL)~SYSL (L)) *CT
RSNDSRCLY=(SRY(L)=SYSR(L)I*CT . :
IF(L.EQNIGO TO 111
IF(RMDSRCLY « GE «MPSWR)GO TO 300
1F(RMDSLCLY+LE +=MPS¥LIYGO TO 700
1F(RSDSR(L) «GE+SPSWRIGO TO 1300
[F(RSDSLCLY « LE+=SPSWL)GO TO 2300
GO TO 2002
2300 WRITE(64+2301) .
2301 FORMAT(1HOW13HILMS IZ IN SET)
' ,IF(L EQ«N)GO TO 111
2302 J—J+1‘
[=1+]-
L=L+1" ‘
. Al==CGDT*FLOAT(D)
e DCLECVLEDT%FLOAT ()
XCL)=X0+FRLC* (EXPCAT) +CGDT#FLOATCI)=140) -
Y(L) = {0+FRLS*(EXP(AI)+CGDT*FLOAT(I) 1.0)
XS CL)=x(L)+DSP - :
YSCL) =Y (L)+DCP -
MYSL (L) YS(L)+MSST"MWLT
_MYSR(LY = YS(L)+M55T+MVCT
SYSL(LI=YS(LY~MSST=S¥CT
SYSRCLY=YS(L)~MSST+SWCT
MXSL (L) =XS(L)+MSCT+MWST
MXSRCLY=XS (L) +MSCT~MWST
SXSLCLY=XSCLY=MSCT+SWST
SXSR(L)=XS (L)=-MSCT-SWST
MRXC(LY=XS(L)+0008B%CT ..
SRXCL)=YS(.)=0.08%CT =
DMN=0+15% (FLOAT(M))+1.587
[F{MRX(L)+GE+DNNIGO TO 70 . .
IF(MRX(L) LTeDNN)GO T0 71 -
70 M= M+1 : '
[F M. Lm.190)60 To 112
71 MRY(L)=CP-(M)/1000.0+EY
SRY (L)=CP(M=1)/1000,0+EY -
PMNSL (L) = (MRY (L) =MYSL (L)) *CT
CRSDSL U =(SRY (L) =SYSLCL)I=CT
WRITECS«108ILaXCL)aYCL) «XSCL) ¢ YSCL) +MXSLCL) «MYSLCLD) +MXSRCL) +MYSR(L
1 .GXSF’(L) ySYSR(L) .SXSL(L) $SYSL (LY s THETAQ«MRX (LY +MRY (L) + SRX (L) +SRY(
2L) B
[FCLEQR+NIGO TO 111 .
[F (ABS(RMDSL) « GE'MPSWL)GO TO 800
IF(DCL vGE+SSLIGO TO 2400 - :
GO-To 2302 s
2400 RSNDSLO=RSDSL (L)
WRITE(Av2401) "7
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F_*
2401 FURMATclHO.stBEGINMlNG OF LEFT STEERING)
X0=X(L) '
Yo=Y (L)
XS0=XSCL)
o YSO0=YS(L) .-
- MYSLO=MYSL (L)
- MYSRO=MYSR(L) - -
SYSRO=SYSR(L)
SYSLO=SYSL (L)
MXSLO=MXSL (L)
MXSRO=MXSR (L)
SXSLO=SXSL (L) -
SXSRO=SXSR(L)
J=a+l’
L=i+l -
I=1+1 ..
e K=1 E
ACL. AML/CR
AJCL= AML*AJL/(CR*CR)
ALC=CR/AML -
SRT=SIN(BETA= THETAO)
CBI=COS(RETA=THETAD)
24902 B12==CR¥DT*FLOAT (K) /AJL
THETA(K) = (AJCLY*EXP(B12) +ACL*DT*FLOAT (K)~AJCL
BTT=BETA+THETA(KY=THETAD -
XC(L)=X0+DGRL*(SINC(BTT)=SBT)
YD) =YQ+DGRL*(COS(BTT)=~CBT)
ALTO=ALAMDA+THETAD
e L ALTT=ALAMDA+THETAO=THETACK) .
XS (L)=XSO0+RSL#(COS(ALTT)~COSCALTO))
YSCLY=YSC+RSL*(SINCALTTYI=SINCALTO))
CTTLC=COS(THETAO=THETACKY)
CTTLS=SIN(THETAO=THETA(K))
MYSLCLY=YS(L) +MS*CTTLS/ 2. 0=MWxCTTLC/240
CMYSRELY=YSCLY+MS*CTTLS /2 O+MW*CTTLC/2.40
SYSLCLY=YS (L) =MS#CTTLS/260=SW%CTTLC/2.0
SYSRCLI=YS (L) =MS*CTTLS/2¢0+SWxCITLC/2.0
MXSL (LY =XS (LY +MS#CTTLC/2404+MW*CTTLS /2.0
MXSRC)=XS (L) +MS*CTTLC/2 0=MW*CTTLS/2.0
SXSLCLY=XSCLY=MSHCTTLC/2:04SWHCTTLS/240
- SXSRCLY=XSCLY=MS*CTTLC/2:,0=SW*CTTLS/2+0
MRX C(LL)=XSCL)+0+08%CTTLC
SRX(LI=XS(LY=0.08%CTTLC
DNN=0515*(FLOAT(MJ)+1 «587
LEMRX (L) +GEWDNNIGO TO 95
IF(MRXCL)Y +LTWDNNIGO TO 96
C 95 M=+l
M IF(M.EQR¢190)G0O TO 112
96 MRYC(LJI)=CP(M)/1000.0+EY
" SRYC(L)=CP(M=~1)/1000.0+EY
Il =L~
WRITECO 108X Lo XL oY (L) o XSCL) o YSCL) «MXSLCL) «MYSL (L) «MXSR(L) «+MYSR (L
;)~SXSR(L)aSYSR(L)-5XSL(L)oSYSL(L)nTHETAO\MRX(L)xMRY(L)oSRX(L)wSRY(
L)
RSDSL(L)=ABRS(SYSL(L)=SYSLO) /CTTLC



{F(L+ER«N)GO TO 111

R CRSDSL (L) v GE vABS (RSDSL0) =SPSWLIGO TO

2500
2501

{=1+1
L=1.+1

K=K+l
GO TQ 24027
WRITE(6+2501)
FORMAT (1HO + 20HEND OF LEFT STEERING)
X0=XC(LY .
Yo=Y{(L)

o XS0=X5CL)
YsO=YS (L)

T 112

MYSLO=MYSL (L)
MYSRO=MYSR (L)
SYSLO=sYSL (L)
SYSRO=SYSL (L)
MXSLO=mMXSL (LY}
MXSRO=MXSR (L) ‘
SXSLO=SXS5L (L)Y
SXSRO=SXSR(L)
THETAO=THETAO=THETA(K)
[FCL+ERWNIGO TO 111

GO TO 11 ... e e
END /

2500

188
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Appendlx B Slmulatlon Programm for Automatlcally Steered Comblne

w1th Sensors Detectlng Row of Rlce Plant from One “:

Slde of It

| ”Thé;cbﬁétaﬁ$ uséd i?,thié“

R =
BSI =
- RDZW.=

am =
ssR =
LaMp =
PSI=

©FDZH =

o

,éaodiﬂ

0.0.rad ...,
0. oés”ﬁ f
76.5 kg—m

Q 017 m.

0.l m

fofo*rad*'"

0. 02 m

=0.017 @

8.5 kg-m'. -

- CVR,

15 TT2
T-gec

AJR.

L ievL =

DT

AMP . s

" RSR =
Z.C:?:24 kg—m P éRH= lOO 0 kg—m sec

T

RSL

125 kg—m—secz;'7ﬁ'AMR

R T

simulation. programm are as

0.05 sec DRIVE 0.0 rad

O 1m0 o o T = 3.6 M7
;0:1575 m/sec

54 6O m. TL = 8.5 ko-w

= 17 6 kc—n
3 6 Bull ‘
0 ll75 m/sec
3.79 m o & "
25 kg”m“5802' f1-AﬁL ~17.0 ke-n
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CREAL MS (MW MRY yMRX yMSCTeMSST\MWCT «MwST +MDSL
"DIMENSION X(2000) 1Y (2000) +XS¢2000) +YS(2000) «XMF (2000) v YMF (2000) + XM
1R(2000) « YMK (2000) +THETAC2000) +MRY (20002 +SRY (2000) +MDSL (2000) +SDSR
22000) vKMDSL (2000) + RSDSR(2000) +MRX (20003 «CP(200) +NN(200)
111 READCS5YL00)INYKKYAMP+DT+T*MM1sAAAAA
100 FORMAT(218+3F10.0+18+F10404F8:10)
1F (KK EQe0IGO TO 113
READ(5%123)PSI'DRIVE'DGS*CVRYCVLYSSR*SSLDELTAYALAMDASPH *TR* TL Y GM
1+sCoyAJRYAIL YCRYAMRYAML sRSRYRSL «DGRRADGRL « FDZW «RDZW + MW 4 MS
123 FORMATC(TF19.+0)
“READ(5190) (NN(M) yM=1+MM1)
90 FORMAT(1216)
~DO 334 1=13MML -
334 CP(I)= rLOA1(NN(|))+AAA
EY=AA=CP(1)./1000.0
WRITE (6+101)
101;F0RMAT(1H1'39H51MURAT10N OF AUTQMATIC STEERED COMBINE)
CWRITEC6+1) .
1 FoRMAT(1H0-5x~21HHANDoH INPUT AT FIELD)
WRITECOY102YN*KK*DT'DRIVEYTR*TLGMC*CR
102 FORMATC(IHO2HN=T8+1X+3HKK=18+1X43HDT=F10¢5+1X+4HDRIVE=F10+5+1X\3HT
1R=F10+¢541X43HTL=F1045+1X43HGM=F104541X+2HC=F104:541X+3HCR=F10.:5)
WRITECO6+103)AMP+ T4PST+CVRISSRIAJRVAMRIRDZWAIRSR
103 FORMATCLHO2X v 4HAMP=F10¢5+4X2HT=F10+544Xv4HPSI=F10.544X+4HCVR=F10
145¢4Xv4HSSK=F10+5%4XY4HAJR=F 10+ 594X+ 4HAMR=F10+5///+1H $5HRDZW=F10.
25|4X04hRSH =F10+5)
WRITEC64104)AMP T-PSI~CVL~SSL~AJL AML «FDZWRSL
104 FORMATCLHO2X*4HAMP=F10s5%4X Y 2HT=F10+5Y4XY4HPS|=F10:« 594X 4HCVL=F10
14514X2s4HSSL=F1045+4X+4HAJL=F10s5+4Xy4HAML=F10+5///+1H +s5HFDZ¥=F10.
25v4X s 4HRSL=F10¢5)
. WRITE(6+105) - .
105 FORMAT(1HO» 12Xt21HLOCAT10N OF CENTER OF +4X918HLOCATION OF MIDDLEY6
1X111HLUCATION OF +11X+s11HLOCATON OF s 8X+11HARGUMENT OF)
WRITE(61106)
106 FORMATC(1H ~12X~7HGRAVITY-17X.9H0F SENSER*15X+12HFRONT SENSER+10Xs1
11HREAR SENSER» 8X s THCONB [NE)
WRITE(b'IOT) :
107 FORMAT(1H0~2X‘6HNUMBER 1OXsLHX 010X s 1HY 98X 2HXS+B8X 1 2HYS 19X s 3HXMF 49X
143HYMF ¢ 9XCBHXMROBX03HYMR08X05HTHETA.5X03HMRY1BXQSHSRY)
X0=0:0 i :
X0=0.0 '
XS0=0:0
YS0=0+0 I
. THETAO=DRIVE
L=0
M::? ‘.,;..,L
11 I=1 _
*WH!TE(6-204) o '
204 FORMATC1H: '31HBEGINNING OF STRA]GH| TRAVELING)
CT=COS(THETAQ)
ST=SINCTHETAD)
CGCaGM/(CxC)
- CGmC/GM . -
-PTﬂPHl'THETAO
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DSP=DGS*SINC(PT)
DCPaDGS*COSCPTY .
CeDT=CLxPT - -
- CTCG=CT%GC
STCG ST*GC .
. MSCT=MS*CT/2.0 . .
MSST=MS%ST/2.0
MWCT=MW*CT/2.0
MWST::MW*ST/Z o -
12 Cl==2+0%FLUATCI) _
FR= TR*(2-O*EXP(CI)+1 10y
FL=TL®(2,0%EXP(CI)+140)
" FRLC=(FR+FL)*CTCG
FRLS=(FR+FL)*#STCG
Al==CGDT#FLOATCI)
L Ll=k+1
. X(L)=K0+FRLC*(EXP(A[)+cGDT*FLOAT(l) 1.0)
T YCLY=YO+FRLS* (EXP CAI) +*CGDT#FLOAT (I)=1+0)
XSCLY=X(L)*DSP )
YSCLY=Y(L)+DCP
XMF (L) XS (L) +MSCT+MWST
YMF (L) =YS (L) +MSST=MWCT
XMRCL)=XS (L) =MSCT-MWST
YMR (LI =YS (L) =MSSTHMWCT
MRX (L) =X5(L)+0+08%CT
ONN=0+15%FLOAT(M) +1.587 "
IF (MRXCL) *GE+DNN)GO TO 35
IF(MRX(L).LT DNN)GO TO 36
.35 M=M+1 .
: [F(MvEW ;MM1YGO' TO 112
36 MRY(L)=CP(M,/1000 0+EY
SRY(L)=CP(M=1)/100040+EY
MOSL (L) =MRY (L)Y =YMF (L) °
SDSR(LI=SRY (L)=YMRCL) '
WRITECO+108)L s XCL)¢Y(L)-XS(L).YS(L).XMF(LD.YMF(L).xMR(L).YMR(L) TH
1ETAQ*MRY (L) vSRY (L)
108 FORMATCIH 2Xs1841X4v11F1146)
IFCLYEWINIGO TO 111
IF (MDSLCL) 1 LE+0:0)GO 'TO 600
FF(SDSRCLY » Ge-—RDZW)Go TO 1300
I=1+1 "
GO TO 12~
600 wRiTE(6.601> . C o - '
601'FORMAT(1H0~45HBEGINNING OF CONTACT OF FRONT SENSER WITH ROW)
602 I=1+1" ~ )
L=L+1 - - '
. AI—-CUDT*FLOAT(I)
C . XCL)=XU+FRLC*(EXP (A1) +CGDT*#FLOAT([)=140)
C T Y(L)=YO+FRLS*®CEXPCAT) +CGDT#FLOATCI)=140)
XS (L) =X(L)+DSP
YSCL)=Y(L)+DCP
XME (L) =XS(L)+MSCT+MWST
YMF (L) =YS (L) +MSST=MWCT
XMR(L)=XS(L)=MSCT-MWST
YMR(L)®YS (L) =MSST+MWCT

S S S S PR PO
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MRXCLI=XSCL)+0.08%CT
DNiv=0s 15%FLOAT(M)+1.587
1F (MRXCL) s GE+DNN) GO TO 60
IF(MRX(L)-LT DNN) GO To 61
60 M=M+1
IF(M+EWeMML) GO -TO 112
6l RY(L)=CP(M)/1000 O+EY:
SRY (L)=CP(M=1)/1000+0+EY
WRITE(6v108)L " X(L)'Y(L)'XS(L)'YS(L)OXMF(L)‘YMF(L)'XMR(L)OYMR(L)OTH
1ETAQWMRY (L) +SRY (L) :
RMDSL (L) =(MRY (L) ~YMF (L) ) *CT
RSDSR (L) = (SRY (LY =YMR(L))I*CT
IFCL+EWaNIGO TO 111
IF CRMDSL (L) +LE+~FDZW) GO T0 700
1FCRSDSR(L) GEo-RDzw)Go To 1300
GO TO 602 o ,

700 WRITE(boTOIJ P

701 FoRMAT<1H0~22HFR0NT SWITcH ls IN SET)
IFC(LE@e N)GO T0 111 .

J=0.

702 J=J+1 -
I=1+1
L=L+1 -

1=-CbDT*FLOAT(I)
DCL=CVL*DT*FLOAT(J)
X (L) =XO+FRLC* (EXP(AIY+CGDT#FLOAT(1)=1+0)
Y(L)=YO+FRLS*CEXPCAI) +CGDT#FLOATCI)=140)
C XS(L)=X(L)+DsP
CYS(LY=Y (L) *DCP
XMF (L) = XS(L)+MSCT+MWST
YMF (L)Y=YS (L) +MSST=MWCT -
XMR (L) =X5 (L) ~MSCT~MWST
YMR (LI =YS (L) =MSST+MWCT
o MRXCLI=XS(L)+0.0B%CT -
DNN=0s15%FLOAT(M) +1.587 = .~
IF-CMRX (L) +GEXDNNYGO TO 75
1F(MRXCL)*LT+DNNYGO TO 76
75 M=M+1
IF (M+EWsMMIIGO TO 112
-T6: MRY (L) =CP (M) /1000:0+EY
- SRY(LJI=CP(M=1)/1000+0+EY -
RMDSL (L) = (MRY(L)-YMF(L))*CT :
WRITEC&*108)L Y X(L)'Y(L)'XS(L)'YS(L)'XMF(L)'YMF(L)'XMR(L)‘YMR(L) TH
1ETAQAMRY (L) ySRY (L)
[FCLWEWsNIGO TO 111
LF (DCL:* GE!bSL)GO TO 800
GO TO.-102 .
800 WRlTE(b.BOl) R
801 FORMAT(lHO-ZGHBEGlNNING OF LEFT STEERING)
X0=xcl)
S YORY (L) . ; ; _
- x50=xS<L) e S
YS0=YSLL) - - -t '
YMFOﬂYMF(L)
C 2 YMRO=YMR (L)
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J=J+1.'
K=1 .-
I=1+1 -
ACL=AML/CR o
AJCL = AML*AJI}(CR*CR)
802 AiZ—-CR*DT*FLOAT(K)/AJL
I=1+1. T
L=l+1 L
THETACK) = AJCL*EXP(AI2)+ACL*DT*FLOAT(K)'AJCL
BTT=THETA(K)=THETAQ
XCL)Y=XU+DGRL# (SIN(BTT)+S5T)
Y(L)=YO+DGRL*#(COS(BTT)=CT)
ALTT=ALAMDA+THETAU=THETA(K?
ALTO=ALAMDA+THETAO"
XS(L)=XSO+HSL*(COS(ALTT)-COS(ALTO))
YSCL)=YS0=KGL*(SINCALTO)=SINCALTT))
CTTLCC=COSCTHETAO=-THETA(K))
CTTLSS=SIN(THETAO=THETA(K) Y
XME (LI =XS(L) +MS*#CTTLCC/ 21 O+MW%CTTLSS/240
YMF (L) =YS (L) +MS#CTTLSS/2+0=My»CTTLCC/240
CXMRCL)Y=XS(L) ~MS*CTTLCC/210=MwxCTTLSS /20
YMR(LI=YS (L) =MS*#CTTLSS/2 ¢ O+MW#CTTLCC/240
MRX (LI =XS(L)+04+08%CTTLCC
DNN=01 15%FLOAT(M) +1.587
IF(MRXCL) +GE+DNNYGO TO 92
G IFC(MRXCL) sLTWDNN)GO TO .91
92 M=M+1
[F(MEQ«MML)GO TO 112
91 MRY(LI=CP(M)Y/1000+0+EY
SKY (LI =CP (11=1)/1000.0+EY
WRITECOY8L0)LYXCLY Y (LY *XSCLY *YSCL) $XMF (L) *YMF (LY *XMR(L) *YMR (L) *TH
LETACK) sMRYCL) »SRY (L)
810 FORMATCIH 42X ]841Xe11F1148)
RMDSL (L) = (YMF (L) =MRY (L)) /ZCTTLCC
IFCL«EQINYGO TO 111
IF(RMDSL(L) LE» FDZW)GO TO 900
K=K+1."
GO TO 802
900 WRITE(6+901)
901 FORMAT(lHO‘ZOHEND OF LEFT STEERING)
: X0=X(L)
YO=y (L) .o
xso=x5(L);'> o
YSO=YS(LY. = -
YMF O=YMF (L) -
YMRO=YMRCL) -
'THETAO=THETAO-THETA(K)
IFCLeEWe N)GO To 111 -
GO TO 11~
1300 WRITE(b.1301) R
1301 FORMAT(1H0c21HRFAR SWITCH IS IN SET)
TF (LB N)bo TO: 111 e :
JrO - ‘ e
1302 J=Jel
[=]+1
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L=l#1 e .
Al=-CGDT*FLOAT(l)
DCR=CVR*DT*FLOAT(J) -
X(L)=XO+FRLC*(EXPCAT) +CGDT*FLOAT (1) =1.0)
Y(L) = YU*FRLS*(EXP(AI)*CGDT*FLOAT(I)-l 0)
XSCLY=X(L)*+pSP
YSCLY=Y (L) *DpCP. .
XME (L>=XS (LY +MSCT+MWST
YMF (LY =YS (L) +MSST~MWCT
- XMRCL)=XS (L) ~MSCT=MWST
YMRCL)=YS (L) =MSST+MWCT
MRXCL)SXS(L)+0+08%CT .
DNN=Q«15#FLOAT (M) +1+587
IFCMRXCLY «GEWDNN)GO TO S0
TEC(MRXC(L) sLT«DNNYGO TO 51
50 M=M+1
~ o 1F(MeEWWMML)GO TO 112
S 51 MRY(L)=CP()/1000+0+EY.
SRY(L)=CP(M=1)/1000+04EY
RSDSR(L)=(SRY(LY=YMR(L))/CT
WRITECO1086)L X (LYY (LY YXSCLYYYSCLY XMF(L)‘YMF(L)'XMR(L)!YMR(L)‘TH
1ETAOMRY (L) +SRY (L)
AFC(L*EQ+NIGO TO 111
TFA{DCR* GE+SSRI GO TO 1400
GO To 1302 . .
1400 WRITEC6 1401y ¢
1401 FORMATC(1HOY27THBEGINNING OF RIGHT STEERING)
. X0=X(L)
YO=Y (L)
X50=X%S (L)
Yso=YS(L)
YHME 0=YMFE (L)
YMRQO=YMR (L)
J=+1
K=1
ACR=AMK/CR
AJCR=AMR*AJR/ (CR*CR)
1402 B11=~CR*DT*FLOATCK) /AJR
L=L+1
I=1+1
J=J+1
THETACK) = AJCR*EXP(BIl)+ACR*DT*FLOAT(K)'AJCR
ATT= =THETA(K)+THETAQ
X(LY=XVU+DGRR* (SIN(ATT)~ST)
YC )=YO+DGRR*(CT=COSCATT))
DTT=DELTA+THETAO=THETA(K)
DTO=DELTA+THETAO
XS(Ly= KSO+RSR*(COS(DTT)-COS(DTO))
YSCL)=YSO+RSR*(SIN(DTO)=SINCDTT))
CTTRC=COS(THETAO+THETA(K))
CTTRS=SIN(THETAO+THETA(K))
XMF (LI =XS (L) +MS*CTTRC/2 4 0+MW%CTTRS/2.0
YMF (L) =YSCL)Y +MSHCTTRS/2+0=MWCTTRC/2+0
XMR (L) =XS(L)=MS*CTTRC/2+0~MW*CTTRS/2+0
YMRCL)=YS (L) =MS*CTTRS/240+MW2CTTRC/2.:0

- - . R :
st ‘..-' 1 B B A
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MRX(L)=XS(LY+0.08%CTTRC
DNN=0«15%FLOAT(M) +14587
1F (MRXCL) ¢ GE+DNN)GO TO 85
IF(MRX(L)OLTADNN)GO TO 86,
85 M=M+1 -
IF(MesEWeMML)GO TO 112 . .
86 MRY(L)=CP(M)Y/100040+EY
SRY(L)=CP(M=1)/100004gY . . ' ‘
WRITE (691403 L +X (L)Y L) XS(L)’YS(L)'XMF(L)'YMF(L)Q)(MR(L) YMR(L)'T
ITHETA(K) «MRY (L) sSRY (L) - g
1403 FORMATCIH +2Xv184¢1Xa11F11>» 6)
RSDSR(L)=(YMR (L)~ SRY (L)) /CTTRC
IF(L+EWsN)GO TO 111°
IF (RSDSR(L) +GE*RDZW)GO -TO 1500
K=K+1 '
GO TO 1402 .
1500 WRITE(641501) -
1501 FOKMATC1HO*21HEND OF RIGHT. STEERING).
X0=X(L)
Yo=Y(L)
XS0=XSC(Ly ~
YS0=YS{L) L
YMFO=YMF (L) .
YMRO=YMR (L) S e e
THFTAO= THETAO+THETA(K) B )
IFCL E(Q‘N)GO TO 111
GO TO0°11 =
112 Go 71O 111
113 sS7OP- -
" END
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