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ABSTRACT

1 i

' The'objectQVe of this study was toidesign a

, S N L
microprocessor-controlled system for applying a liquid

chemical to forage during harvest. A preliminary study was
performed to obtain information on‘the operation and

calibration of such a system. A control and a monitor system ,

~

were de51gned based on thlS 1nformatlon.
L4

‘A-sensor to measure the feed rate of forage ths?ugh a
forage harvester, based on .the. dlsplacement and rot onalw
veloc1ty of the’ feedroll, was de51gned and tested' A“
:mlcrocomputer system using a Motorola 6802 m1croprocessor’
was designed to control the chemlcal appllcatlon ana\ls
'efea51ble. A monltorlng system u51ng a ZT-4 dr1v1ng ‘computer .

was designed, and_1s capable of monitoring the system

variables.

a3, N 3
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1. INTRODUCTION

.

Chemical preservatives are'applied.torforages and hay

“to inhibit the growth of moulds, decrease losses 1n ' ] 7'Z
nutritional value and dry matter, and decrease the r1sk of _:
serlous heatlng (Holden & Sneath '1978}). The chemlcal may beg,ﬂx
_applled to the crop at any of many stages of harvest, from o

‘phgor to cutting untll in storage (Benham & Redman 1980)

Lo

Present chemical- appllcat1on systems do not apply the

chem1ca1 in proportlon to the crop mass thenefore, then e

o3

requ1red chemical appllcat1§n rate’ 1s rarely malntazned B

Furthermore, ‘the harvest st ge at whlch the chemlpal Ls,;
L

appl1ed and the method of chem1cal appllcatlon can greatly

"influence the chemical losses and chem%caI‘q:strlbut1on. v e

’! ] ~,

through the crop A chemical appl1catloﬁ‘control system

Bl

which could malntaln a constant spec1fied chemlcal -;@ e

. : VTR
application rate (chemlcal mass / forage mass) durlng the T
: o s ®” .

harvest could result in chem1ca1 and Crop sav1ngs. The ;

,1ntroductlon of the chem1ca1 to the~ forage as it 1s chopped AN

o -
. v 3

or baled may prov1de the most effectlve appllcatlon control;

To maintain a constant appllcatlon rate,”the cqntrgl_
system’'must have a means of measurlng the forage wfeed rate‘-;" 4
and controlllng the chemlcal flow rate. Malns (1983) fouJ§§ ;“t
that the feedroll dlsplacement on ‘a forage harvester 1s a .

“good 1nd1cator of the forage feed rate.‘Therefore, the feed~°~

. -~ ‘,‘,

rate could be obtalned by measurlng the feedroll ﬁ-{7 . »'qgnfjtz
vt -v, . ‘/ e -+ s ‘.,':: )

dlsplacement A bank of appl1cator nozzles on &he forage

r”ﬁ
o

harvester could be switched on and\off ‘to: s1mply and

Lot

~

T . . : , . . Co
1 : ‘ ’ Ca o ’ T g



effectiyely provide the reqnired flow rate of liquid
» chemlcal to the forage. A m1croprocessor is well- su1ted to
control app11Catlons such as thlS, and could be an

inexpensive and s1mple controller.

The objectives "of this study were (i) to de51gn and

v;test a forage feed rate sensor based on Malns (1983)
.conclu51on that the feedroll dlsplacement is a good
1nd1cator of’ the feed rate, and (11) to des}gn a
m1croprocessor -controlled system to control a ligquid .
chemlcal appllcatlon to forage durlng chopplng The chemlcal
'appllca ;on system should ma1nta1n a constant chemical flow"
-

urate relatlve to the forage feed rate The system should

also dlsplay, to the operator, the ‘values of forage feed

,rate, chem1cal flow rate, appllcatlo rate,vcumulatlve

: y - a . ! ' ' P
-~ forage mass, and.cumulative chemic#1. ’



2. LITERATURE REVIEWI

2.1 CHEM\CAL TREATMENT OF FORAGES AND HAY
In northern cllmates, nearly half of the annual forage

crop must _be preserved as hay or silage. Cllmatlc conditions

durlng harvest often result in hay losses (Harrlson 1983).
Hay which is baled at moisture contents above 20% may
~undergo heatlng,.mouldlng,‘and deterioration, and is
,p0551bly responsible for some health problems in cattle and
farmers (Charl1ck et al. 1980, Benham & Redman 1980). There
can also be substantial losses in silage_due to moulds;.A 15
to 90 cm (6 to 36 in)'layer of spoiled silage is common on
the top of poorly sealed horlzontal 51los (Anon. 1979)
Losses in tower silos are not as 51gn1f1cant because of the
JSeduced area of exposed silage; however, the capltal cost of\:>
tower s;los is considerable. The less costly horizontal
silos a:e more common-in western Canada. -

| Chemlcal preservatlves can inhibit the growth of
moulds, decrease losses in feedlng value and dry matter, and
deCrease the risk of serlous heatlng in damp hay and forages
(Holden &.Sneath 1979). This can be accomplished by the “
‘reduction of available water, reduction of oxygen'
concentration, -alteration of pH, or destruction or
inhibition of fungl, moulds, and bacterla‘gBenham & Redman
1980) . Several chemlcals are be1ng used or 1nvest1gated as

preservatlves for forages or hay. These 1nclude anhydrous

ammonia (Kuntzel et al. 1979), proprionic ac1d (Nehrlr et

-



al. 1978, Knapp et al. 1976), ammonium bis-propoanate
(Holden & Sneath 1979), and sulphur dioxide‘(Mathison et al.
1979, 1981). Sever 1 chemicals are effective as
preservatives, and the use of hay preservatlves can be. cost

s

effective (Klinner & Holden 1978)

' 2.2 CHEMICAL Al’PLICA’TION SYSTEM

Chemical preservatives may be applied tolthe standing
crop, during mowing, raking, baling or, chopping, or in.
storage (Benham & Redman 1980). AppliCation of the chemical
to the forage as it]passes throughpthe harvester or hay
baler may permit the most effective application control
(Klinner & Holden 1978). The limit on the power available to
the harvester (and to a lesser extent the baler) ensures a
relatlvely even forage feed rate past the appllcator
-'Furthermore, the physical sensing of some component of the
harvester or baler which changes with the feed rate could
prov1de for the measurement of the forage and subsequent
adjustment to the chem1cal flow rate. Applylng the chemical:
at the forage harvester also permits better m1x1ng of the
chemical 1nto the forage than if the chemlcal were appl1ed
__1n.storage. In addltlon, 1t minimize® any chem1ca1 losses
due to exposure which‘would occur if the chemical were
‘applied prior to piCkup In field chemical appllcatlon has a
\’dlsadvantage over 1n store appl1catlon in that it requ1res
that the chemlcal be transportedJIn the field.

Alternatively, chemical application done in-store is
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‘difficult, time consuming, and in general, impractical. The
S ‘ \

AN

application of preser&atives during baling or chépping
involves the least change to the harvestlng system (Benham &
Redman 1980) and for this and other reasons alrea&k\noted

the study shall focus on the application of a chemical to

forage as it is chopped.
| Present chemical (presertative, fertilizer, herbicide)
.application systems depend uponithe Qpetator to make any
adjustments in the chemical flow rate with respect to the
feed rate (eg. anhfd;bus ammonia application to corn
silage), or maintain a constant chemical flow rate’withi
respect .to time or vehicle ground speed (eg. herbicide, |
fertilizer application) (Boprnas‘1969 PAMI ‘1980, 1982). Any
'of these systems, 'if used for applylng a chem1cal to forage
durlng chopplng, could result in an uneven and 1neff1c1ent

-chemleal.d1str1 utlonvthrqughout the forage.
The requirements'ot an idealized ehemical application
system for a foragezharvestef are. that : ‘
1. the chemicalnbe applied evenly-thrpughout‘the mass,‘
2. the chemical . loss be minimized, |
3. large varlatlons in feed rate be recognlzed and the
chemical flow rate adjusted accordingly,
4, the system be simple, economieal, and'easily
installed on the harvester, |

5. and finally, the safety of the operator not be

o ‘\
is toxic (Benham & Redman 1980) o ‘ }

N
[NAY

comprom1sed ~an 1mportant consideration if the chemical

L)

I



ﬁith information provided by a feed rate sensor'on a
harvester, a microprocessor could-determine the optimal
chemical flow.rate at any time and activate the solenoids.
for the corresponding applicator nozzles. With such a system

the chemical would be distributedZthrough the forage based

upon the input from the feed rate sensor. The.accuracy of
the system would be limited only by the accuracy of the
sensor, and by the available applicator nozzles.,
ismicroprocessor—eohtrolled system wieh a range of
applicator nozzle.sizes and an adequate feed ratéﬁsehsor
should_be'capable'of handling large feed rate fluctuations:
“and adjusting the chemical floQ rate to maintain a'gonstant
applicaéfon rate. Microprooessors have been used in numerous’
coﬁtrol applicaﬁions similaf to‘this'one (Kruse et al. 1983,
McLendon et al. 1983) and are'practical and felatively
1nexpens1ye. A mlcroprocessor controlled system has a much
fastdr response tlme_than‘any manual system. In addltlon,
tﬁe_micropfocessor,“yith a simble and relatively standard
sopport system - can accurately and.rapidly'make decisioﬁs
based upon numerous varlables (Page et al. i977) Tﬁe-
de51gned mlcroprocessor control system might also be adapted
to.contrgol ‘the appl;catlon of chemlcals to hay as 1t is
" baled, 3& possibly to grain as it ‘is combined-or'eleyated

for storage..



2.3 FORAGE FEED RATE MEASUREMENT
| A chemical application control system requires‘a“Sensor
which is capable of rapidly and accurately measuring the
forage feedgrate through a forage harvester. There are three

s

\ methods of measuring forage feed rate when picking up a '

windrow (Mains 1983). The first is.to'continually weigh the .
forage ‘wagon into which the forage is be1ng collected The
second method is to measure some component of the forage
harvester which varies with the forage feed rate. The third
p0551ble alternat1ve is to measure the swath height whichi
according to Mains (1983) has been found to be ‘related 'to
the throughput of ‘hay in a baler.

Research has been done on the second method by
.measuring the displacement of the rear upper feedroll of a
forage harvester as the feed rate varies (Mains 1983) The
feedroll displacement was found to be a good indicator of -
the mas$ flow rate of crops through a forage harvester. ngh
coefficients of'determination.were found'for the regression
‘equations predicting feedroll displacement as a function pr
teed rate_and dry matter content. The form of-these‘ |
.eguations'is- -' - | |

f-= a+ by +c-m (corn) ......};;.........;..;,,... 2.1.

f-' a + b y + C- m + d Y m (alfalfa) '.0-"‘."..0,.'0’.’- .'ao.o‘n 2.2

/' where.f

.forage feed~rate ikg/min)

feedroll displacement'(mm)_

4
i

5 N
l

percentage of crop.dry. matter

a,b c, d = constants for each particular crop.
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Mainsv(f983) found‘a7poor'correlatfonabetween;the
) A

.summatlon of the feedroll dlsplacement and the cumulative

7 ¢
amount of crop harvested ever a short t1me 1nterval (one

:

4
second) 'He noted that the poor correlatlon was probably

caused by short-~ “term var1at1on of* the ‘feedroll displacement,

o

9

“and suggested that a better correlatlon could probably be

obtalned if the t1me perlod were longer (ten seconds)

However a ten second 1nterval Tepresented up to 23 m

(77 ft) of w1ndrow 1n ‘Mains' (1983) research Any feed rate
“varlatlon w1th1n thlS length of windrow would not be_

,detected if the measurements were 1ntegrated over ten

',seconds Malns (1983) correlated the average feedroll

t

dlsplacement durlng a glven time: 1nterval to the forage
throughput durlng the- same tlme 1nterval However, there is
a tlme lag between the forage dlsplac1ng the feedroll and
ex1t1ng the harvester to be welghed Th1s t1me lag- w1ll
compr1se a larger proportlon of a one second measurlng |
1nterval than a ten second 1nterva1 hence, the error w1ll

be less, and the correlation will be greater durlng the

’longer tlme interval. In add1t1on, Ma1ns calculated the datav

for the ten second 1ntervals ‘by averaglng the data -from ten

'consecutlve one second 1ntervals. Therefore, the ten second _

interv=_.s would result in fewer data polnts w1th less‘
variatic-, and hence, a better correlatlon."

Theé -~onstants for these equatlons vary w1th each crop>
In additior, each part1cular forage harvester,'and the

feedroll spring tension on the harvester,_would_necessitate



. a unidue set'of:constants ;f use these equatlons, it would
A

probably be necessary to calibrate each harvester belng used
with each crop being harvested |

xA'microprocessor-controlled chemical application

‘SYStem, which is based on Mains’ (1983) conclusion that the

feedroll dlsplacement is a good 1nddcator of the forage feed

'rate, would requ1re a device capable of measurlng the.

feedroll displacement and commun1cat1ng this valpe to a
microproceSSor‘ Transducers or sensors change phy51cal
quantltles such as mpt1on into electrlcal s1gnals wh1ch can
be transmltted to a computer or a recordlng system Common
transducers measure dlsplacement, force, pressure,
temperature, light, and magnetic fields (Henry 1975, Barden
1982, Spitzer 1972, Malmstadtfyésd). SRR
Many‘transducers.are available fbr‘measuring

dlsplacement. The LVDT (llnear varlable dlsplacement

z]transformer) is an analog dev1ce for sensing dlsplaoement

kd

':and 1s commonly used in experlmental and developmental work'
. (Hen5¥\~975) "The versatlllty of the LVDT makes it

~well sulted to research however, it 1s relatlvely expen51ve

and requ1res analog to- dlgltal 51gnal mod1f1cat10ns if it is -
to be connected to a m1croprocessor (Henry 1975) Optlcal

and magnetlc sensors have a d1glta1 output 'and are more

‘ popular in mon1tor1ng and control appllcatlons (Morris 1980
‘hnone 18807 . They can>be relatlvely 1nexpen51ve, and the1r
'_dlgltal output 51gna% is more readlly compatlble w1th a

'm1croprocessor systemvthan the analog output,from some of

e
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the other types of transducer. In addition, the absence of
moving parts in these sensors allows them a long life, not
limited by wear or fatigue. - C

Optoelectronic light sources {usually light emitting

diodes) and detéctors (usually photo-transistors) are widely

used as displacement or velocity sensors. Honeywell (1976)

and Anon. (1980) discuss the two types of optoelectronic

‘sensor. In the first type, reflective object sensors, the'

light emitter and detector are located side by side. When a

reflective surface is placed in front of them, the light

‘5,beam from the emitter reflects onto the detector, 1nduc1ng B

[

~an output voltage from the detector. When the reflectlve

surface is movedvor\blocked the voltage drops. The second

type of optoelectronlc sensor is more ‘common than the

reflect1ve object sensors. W1th thls sensor, the emitter and

detector are located opp051te one another w1th collnearr

axes, S0 that an output voltage is 1nduced from the detector
(~ . N

‘when a. transparent medlum is between them.1When an opagque

object blocks the path between the em1ﬁler and detector, the
detector s output voltage drops.

. Malmstadt et al. (1973) and. Morr1s (1980) descrlbe

/several appllcatlons, including dlsplacement measurements,
r_1n whlch an encoded disk or plate conta1n1ng opaque and

~transparent sectlons rotates between an em1tter and

detector. These encod1ng,dev1ces can make either absolute

or 1ncremental" measurements Absolute encoders use d1sks‘

-w1th opaque/transparent patterns which can 51multaneously
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actuate several detectors; together, these detectors output
a digital word'representing the absolute positiondof the

encoding device. Each transparent section on the disk allows
passage of a light beam from an emitter to the'correSponding

detector Whlch then outputs a "hlgh" voltage. An opaque

section blocks the light beam, -and the detector output is
"low". Several coding techniques‘are used, 1nclud1ng a'
*straight binary code" ."Gray code" and "sine- cos1ne code
(Malmstadt 1973). Incremental encoders contain avunlform .
pattern of equally spaced radial llnes (opaque,llnes on a

-,

nsparent surface,;or vice versa) -which results in

deector output voltage pulses as the disk rotates.

Optoelectronlc dev1ces can be 1mpract1cal in d1rty and

dusty environments. In these 51tuatlons, a magnetlc

(variable reluctance) pickup sensor<(hnon. 1380 ﬂHoneywell

1976) is often used for measuring motion. The simplest
N ¥

. magnetlc plckup o;n51sts of a wire c01l around a permanent

magnet. A ferrous metal object (& magnet is often used)
approach1ng or mov1ng away from the sensor changes the .

permeance of the magnetlc fleld Since the sensor output

voltage is proportlonal to the rate of- change flux through

the co1l magnetlc p1ckups detect mov1ng targetS'only. As,_

the object ‘s veloc1ty approaches zero, ‘the voltage change‘;#

for the output pulse becomes too small to be measured
Magnetlc Sensors requ1re no. ‘external power source, and have

successfully measured Speeds up to 600,000 rpm. They have

the_advantages-over.other sensors ofrbeing capahle of

t
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loperation.ln temperature rangeSJbeYOnd*those’allowed by
solid state devices, due to.the absense of electronic
elements, and being impervious to shock.

Magnetic sensorshare commonly used as displacement and

. velocity sensors in agricultural machinery. A magnet is

mounted on the driveshaft or a wheel, “and is detected on
_every rotatlon by a nearby detector which outputs voltage ‘-
pulses with a frequency proportlonal to the vehlcle
veloc1ty;vor a count proportlonal'to the distance traVelled.
.These sensors are used in sprayer‘control systems'(J&H 1982)
and many other.machinery monitor and control.applications |
’where‘inforﬁation on the vehicle.speed or area covered (as
calculated from theldisplacement‘and a'specified*width of
the machlne) is required In addition, they are used;for
monltorlng rotatlng grain or fert111zer shafts durlng
"seedlng (Senster 1983) o o

A second type - of magnetic sensor, the'ﬁall—effect;
sensor, is descr1bed by Honeywell (1976) ln a Hall—effect
sensor, a constant control current is passed through a th1n
str1p of semlconductor ‘material (Hall generator) The |
ocontacts are placed across the narrow d1mens1on of thev
strlp, and a small voltage appears across them as a magnet s
f1eld is dlrected at rlght angles to the face of the
vsemlconductor. The Hall voltage reduces to zero aga1n ‘as the
“magnet ;s»removed. If the current flow through the element

'is held constant, the Hall voltage-ls proport;onal to‘the'

“magnetic field. Since the'Hall'effectisenses a magnetich
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field, the magnet doesn't have to be moving in order for the
dev?ce to operate. Hall effect proxlmlty sensors are used as
position indicators and 11m1t switches for the stacklng

tables on Sperry New Holland s m1croprocessor—controlled hay

bale stacker (Honeywell 1979).

2.4 MlCROPROCESSORS - MONITOﬁS-AND COﬁTROLLERS

A computer consists of an arithmetic 1o§ic-unit (ALU)
which performs arithmetic and logic_operations, input/outputh
circuits, gates’and registers,tohcontrol and coordinate the
operatlons of these c1rcu1ts, and memory for storage of
programs and values (Greenf1eld & Wray 1981 Hlnkle 1982) A
m1n1computer 1s of a smaller size and has more 11m1ted
capab111t1es than. a full-size computer- however, it performs
the same functlons Smaller than a m1n1computer, the
m1crocomputer can also prov1de all of the functlons of a
larger computer, "but 1t is usually ded1cated to one use or
-control functlon ‘The m1croprocessor is one component of a
m1crocomputer, and was produced when the above\mentloned
1ntegrated circuits (ie. gates, reglsters, and ALUs) were
COmblned into a 51ngle component or ch1p ThlS chip 1ncludes’
most of ‘the functlons of a computer' however, 1t cannot
function by 1tself (Greenfleld & Wray 1981)

Mlcrocomputers can be used as monitors (1nd1cators) or
as.controllersp(H;nkle-1982). ln elther_case,-the_‘
microprocessor‘reads the input and_qalculateshan output-A
based on these~inputs."In a monitoringusituatlon, the
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mlcroprocessor would read the signal from a transducer
convert the value into a more useful number, and d1splay‘
thlS number . In a controlllng capac1ty, the mlcroprocessor
would read the 1nput signal(s), make a decision regardingh

the output (1e. switch "on" or "off") based on calculations.

or loglc, and send a control word capable "of 1mp1ement1ng “

this-decision‘to the proper output_dev1ce._1t could alsp_
display an appropriate value.

Microgomputers are useful in applications;which require

' rapid.and precise contrcl or data acquisition (Walker 19871).

A microcomputer has numerous advantages over a‘mechanical or

manual data collectlon or control system These advantages
~ L4
include fast data collectlon during complex tests or

experiments, exact timing and triggering of simultaneous or

-sequential events, automatic-control.of numerous devices or

‘operations, versatility of operation through program

control, and ease of interfacing to printers and récording -

Systems‘(Walker 1981). In control.applications,'af

[

~4m1crocomputer system is superlor to- mechanlcal or hard-wired

logic systems because of its versatlllty and adaptablllty A
m1crocomputer system can be 51mply and qulckly modlfled by

reprogrammlng, ‘to functlon in a new. or different 51tuat10n.,

A mechan1ca1 ‘or hard-wired loglc  System could also be

_adapted' however, it %ould be more t1me consumlng and costly

to rebu11d or structurally modlfy the system.
‘Microprocessors are becomlng more and more common, in

everyday appllcatlonsx and are 1mprov1ng the eff1c1ency and



economic operation of many systems,~They are being used 4n
manyhmonitoring and control systems in agriculture (Isaacs
| 1982). Sprayer Coﬁtrol System (Raven Industries 1983) uses a
microprocessor to moniﬁor the vehicle speed of an |

agricultural sprayer, and control the flow rate of a

15

chemical with a regulating valve to maintain a specifiéd
appllcatlon rate per unit area. A m1croprocessor is also
available for 1nstallat10n on comblnes to monitor grain loss
and ground speed (J&H 1982),_and a microprocessor is being
.used to control a hay bale stacker (Honeywell 1979).

Microcomputers are becoming increasingly popular as,
monieors in_automobiles also, A driving computer with a
clock,'megnetic deéector and magnees on the afiveshaft, and
adflowﬁeter in the fuel line can measure the time and -
‘distance driven and the fuel used on a trip. It can
calcuLeee the fuel remaining in the tank, the current or
avérage fuel consdmptioh rate,'the'fuel.needed on a trip,.
and the distance which can be tpaQelled en the feﬁsinidg
fuel (Zemco 1983). o _ .

Agrlcultural machlnesy research has 1ncluded the
investigation of such d1verse~m1croprocessor control
appllcatlons as the use of a groundspeed controller for a
comblne (Kruse et al. 1983), an apple-harvester
microproceséor—Based steering cont;df'system (McMahon et al.

-

1982), and the_microprocessorlcontrol bf alcohol fuel

A ¢

fumigation (Walker 19871).

W

4y



3. PRELIMINARY STUDY ‘ p R

3.1 PROCEDURE

'k : s : - ‘ ) \

3.1.1 OBJECTIVE

Prior to the design of a chemical application‘system
controlled by a microprocessor, information and data on the
variables‘influencing‘such a system are necessary. The. .

prelimlnary study-consisted'of "system trials" and = Y

'"calibration trials". The system trlals were done on prlvate
‘farms, and examlned the operatlon of a controlled chem1ca1

vappllcatlon system, The callbratlon trlals, done at the-

Unlver51ty.of Alberta's Ellerslle Research Statlon,

'callbrated the feedroll dlsplacement to the forage feed

1

-’rate. The callbratlon trlals were done w1th ‘barley and
alfalfa at a range of‘morsture'contents and theoretlcal

lengths of cut (Kepnerbet alQ 1972);,

ForAthﬁs preliminaryrstudy, a chemicalvapplication

system (" d1rect system ) for sulphur dioxide (Harrlson 1983)

.was mod1f1ed for . control by a m1n1computer. Malns (1983) had

v found that the feedroll dlsplacement on a forage harvester-f

vThe pressure in the mod1f1ed system was’ monltored

>

fwas a good 1nd1cator of forage feed rate. Therefore, the

‘modlfled appllcatlon system was de51gned to ma1nta1n a

constant chemlcal appllcatlon rate w1th respect to the

-forage feed rate as measured by the feedroll dlsplacement

“and the/~ff§\\

’

cumulatlve amount of chemical applled was: calculated

16
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3 1. 2 EQUIPMENT AND INSTRUMENTATION .

The "d1rect system". developed by Harrlson (1983) for
applying sulphur d10x1de is readily adaptable to allow
.control of thelflow rate. The direct system was modified for

use in this preliminary study by replacing the‘single

~ solenoid valve_and nozzle by a bank of solenoid valves and
correspondlng nozzles; The solenoid valves, and
conseguently, the" chem1ca1 flowrate from the’ nozzles, vere
| controlled by a.m1n1computer. The number ©f no-zles- used
and their capac1t1es, were -chosen to:allov‘a flexible and
wide range of chemlcal flowrates ThlS flow range would |
"accomodate a- reasonable spread of forage feed rates at a’
chemlcal appl1cat10n rate of 0. 35% (wet welght ba51s)
(Mathlson-et al. 1979) An appllcatlon rate of less than
- 0. 35% would not adequately protect the forage, and an
overappllcatlon of chemlcal would have no beneflt and would
be wasteful‘ ThlS modified system was 1nstalled on a forage
vharvester (Hesston 7150) and used to control the appl1cat10n
of sulphur dlox1de to forage during chopp1ng .

Durlng both the system trials and the callbratlon
trlals, the minicomputer and a paper: tape punch collected
'data ,on the feedroll dlsplacement cumulatlve mass of forage‘
harvested chemlcal l1ne pressure, and chemlcal appllcator
nozzles 1n‘use. The m1n1computer controlled the appllcator
| nozzles, and therefore, the chemlcal appllcatlon rate, basedl.

»upon the forage feed rate as 1nd1cated byuthe feedroll

'dlsplacement. The m1n1computer used was a MINC PDP- 11/23

- .
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with full analog and digital 1nterfac1ng capab111t1es. ThlS
general purpose m1n1computer was used for these prellmlnary
study trials since a m1n1computer is more versat1le, and

easier to reprogram, than a dedicated microprocessor.

The control system used in this‘preliminary~Study, and

subsequently used in the des{gned applicatfon system, was a -
single—variable feed-forward open-loop control arrangement
(Appendlx I) | B

A tractor (Massey Ferguson 2805) ‘towed the forage'
haruester, the nurse wagon with the chemical tanks and an
'lnstrumentation van. The forage wagon»collectlng the |
harvested forage vas: towed alongside the harvester by a
second tractor (Figure 3. 1); This forage wagon was supported
- by four load cells to- allow contlnuous mon1tor1ng of the
mass of forage in the wagon (Harrlson\Q983) |

The dlsplacement of the upper front feedroll on the
forage harvester was measured with an LVDT An LVDT was used
for th1s measurement since ‘it was readlly avallable and
~could be s1mply and qu1ckly 1nstalled 1n the system. Slnce
‘the maximum dlsplacement of the feedrol (17 to 18 cm)
exceeded the max1mum p0551ble dlspﬂgégéint of the LVDT

;.8 cantllever beam arrangement was used to get a

LVB'.dlsplacement smaller than but proportlonal to, the
feedkoll dlsplacement. One end of a 38. 1 cm (15 1n)
cantile er rested on, and dlsplaced w1th the upper frontv
‘h feedroll, The other end was h1nged to a statlonary 1lid on

- the foqage harvester-(Flgure 3.2): The LVDT measured the
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’Figﬁre‘3.1g Forage harvestlng for data collectlon and
: oo and’ chemlcalxappllcatlog control durlng the

prellmlnary study



Figure 3.2 -

o~ e P P

COLOURED PICTURES -
Images en couleur

-

LVDT (feedroll dlsplacement measurement) and
chemical applicator nozzles durlng the
prellmlnary ‘study. ‘ :

20
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d1splacement of the cantilevey at one thlrd of the
‘cant1lever length from the hlnged end |

Four spray nozzles for applying the chemicaltwere
located between the table auger and the front feedrolls of

N

the forage harvester (Flgures 3.2, 3.3) .The feed rate

~ sensor (LVDT) was located o the front upper feedroll,_thus
the chemlcql appllcator ‘nozzles were as close as p0551ble to
the sensor 1nfluenc1ng thelr operat1on. The nozzles were .
rated at 0.38, 0.57, 0.76, “and 1.14 L/min (0. 10, 0.15, 0.20,
and 0.30 USGPM) at a pressure of 415 kPa (60 p51) At these
ratlngs, the four nozzles would prov1de the proper chemlcal
flowrate for feed ratesrfrom 9 to 27 t/h when used ”
h1nd1v1dually,iand for feed rates up to 68 t/h when all the
nozzles were 51multaneously active. In- addltlon,_the
hzgradatlon of nozzle capac1t1es allows a maximum p0551ble
_dev1at1on of 25% from the requlred flowrate at any 1nstant
'j(assumlng that the feed rate is not less than 7 t/h) -and

the average- dev1at1on over a length of time should be less

' 'than this. The callbrated capac1t1es (Append1x A) dlffered

.sllghtly from the rated capac1ty values, and the ‘maximum -
.;p0551ble dev1at1on is 1ower Wlth the callbrated values As:
':1n the dlrect system (Flgure 3 4) the solen01d valves were
"located 1mmed1ately behlnd the nozzles,v51nce the sulphur'
’dlox1de-freezes the 11ne between the nozzle and the solenold“
valve upon shut off ‘A pump was located between the chemlcalfd
_tank and the solen01d valves, and a back pressure regulatlng

B 3

,valve ma1nta1ned the pressure at approx1mately 550 kPa (80

%
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Sprayer Nozzle \.Nlth".' ,' élowerl
- Solenoid 7 1 -

Cuttln§ Cylinder
' N

- 'vTabi'e.“A.ugor .

 PickUp’ . FeedRolls
" Forage Harvester T

-

. :f‘igufe 3..3 | Diégram,_of' the er,agé ..ha"r.",eéfe:; R
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Back Pressure Regulative Valve - -

_Pressure Gauge

i-

12/110 Volt Solenoid .

‘ Spray Nozzle

™50, Supply Tank with
Riser or Dip Tube . .

o

Sulphur Dldxide Appllcatlo'n Usinga

" High Pressure Spraying System

I

Figure 3.4 - Diagram :of”the "chemi'calj fl’ow"'syst'eﬁ‘\...”f’
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psi) (Harrison 1983) . A pressure transducer was located

‘bereen the pump and the solen01ds to monltor the line
_pressure for fluctuatlons which . could affect the chemlcal
‘flowrate. The calibrations for the LVDT, forage wagon load

" cells, applicator nozzles,.and’pressure“transducer are

'recorded“inwﬂppendixWA¥~Thewnoazlemcalfbratlons~we€e-done-~¥—j-
‘1w1th water, and consequently, prov1ded approx1mate‘or‘ ‘ |
prellmlnary flow values. Since the sulphur d1ox1de fflashes"
_‘(partlally goes.from a llqu1d to a gas state)‘asrlt passes-b
5{tHrough the nozzle, the callbratlons should re done with‘e
'sulphur ledee to obtaln accurate values. :

A schematlc of the w1r1ng can be. seen in F1gure 3 5
fThe.mlnlcomputer,_the paper tape punch,’and a.slgnaly
'conditioner were located ln thetinstrumentation van. The
_51gnals from all of the. transducers (LVDT load’cells,
pressure transducer) were w1red 1nto the 51gnal condltloner.’
The 51gnal cond1tloner prov1ded the exc1tatlon voltages for
'rthe transducers, ‘as - well as ampllfy1ng the output 51gnals
The . solen01d—control output llnes from the m1n1computer were
'connected to the 51gnal condltloner, as well as to the |
fsolen01d valves From the 51gnal condltloner, the LVDT load :
;gcells, and pressure transducer 51gnals vere sent to the MINC -
m1n1computer. The paper tape punch also recorded these |
htransducer s1gnals, and the solen01d control 11ne voltages,
Awhlch 1nd1cated the act1ve nozzle(ss "The smgnals 901ng't0'
-_the paper tape punch were dlrected from the 51gnal\ L

-:condltloner 1nto an’ 1ntegrator to average the 51gnals over
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each sampling period then 1nto a multlplexer which
coordlnated the1r transfer to thexpaper tape punch

All 51gnals to the m1n1computer and paper tape punch
vere analog or were treated as analog s1gnals The4 ;

- solen01d control outputs from the m1n1computer were d1g1tal

slgnalsT~51nce the—voltage and-current- output—from the- MINwa ------ —

'm1n1computer was not large enough to actlvate a soleno1d |

valve, the odtput 51gnals were routed through a power . _.‘ﬁ

jtampllfler (Appendlx B) and then to the solen01d valves

| A‘groundlng problem was‘encountered‘w1th'the,

ihstrUmentation such’that the mihicomputer and'the7signal

, condltloner were at dlfferent grounds. Th1s resulted in all

of the 51gnals wh1ch were sent to the m1n1computer belng |
offset from the output 51gnal of the 51gnal condltloner by ae
’constant voltage. Slnce i't ‘was not p0551ble to obtaln a'?'

' common ground for the 51gnal condltloner and the -

m1n1computer an addltlonal w1re was. run from the 51gnal

».condltloner to the m1n1computer allow1ng the m1n1computer

to read the voltage dlfference between grounds, and correct

- for 1t.

'.3 1. 3 MINICOMPUTER PROGRAM

A llstlng of the FORTRAN program used by the MINC .

7m1n1computer for thlS research is in Appendlx C Both the

’FORTRAN and BASIC languages are avallable on the MINC The'
,.FORTRAN language was chosen for use since a FORTRAN program

operates faster than a’ BASIC program and_can operate
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w1thout acce351ng the dlsk drlves on this system._The disk

: [
drives were used only to 1n1t1ally load the program, since .

' the disks or disk heads can be damaged if the unit is v

_operateg wh11e in motion.

The m1n1computer program read all of the 1nput l1nes

and-set- the outputml1nes -once— every~13 to- 14—second3-The~M~muﬁi——

readlngs of the LVDT and forage wagon load cell 51gnals were‘

l'used to determ1ne whlch nozzles were to be turned on. The |
:pressure transducer read1ngs were used 1n to monltor the

"system performance.. P ‘ 4

After 1n1t1allzat10n of the varlables; the program

‘ entered a. contlnuous loop wh1ch was only halted by an |

A1nterrupt manually set at the 51gnal condltloner. The

program loop began by sampllng the 51gnal from ‘the LVDT one
'hundred tlmes, and averaglng the readlngs These one hundredh'

:readlngs were spaced over a 5 second 1nterval :The LVDT, -
sampllng 1nterval had to be long enough to be representatlve

of the ent1re t1me perlod of the program loop and to yleld a
good correlatlon between the feedroll dlsplacement and the
forage feed rate. The 1nterval had also to be short enough

that an exce551ve amount of forage had ‘not been harvested
before the sampllng was completed. The'program loop requ;red_ -

vapprox1mately 9 seconds to execute the other functlons and-'

5 seconds of- sampllng the LVDT was chosen as a reasonable

comprom1se between the above spec1f1catlons. W1th one.

hundred read1ngs, a value was obtalned for every 0 05

seconds durlng the 5 seconds. Based upon the graphs of
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feedroll dlsplacement versus t1me (Mains 1983) these one

hundred readlngs should have detected any fluctuatlons in

the feedroll‘dlsplacement, and in addrtlon, would have»

‘averaged and eliminated errors due to minor fluctuations in

the 51gnal voltage from the 51gnal cond1t10ner.'

Each of the remalnlng transducer 1nput llnes was then'

readings and‘ca-:ulated.varlables~were then-copled to a

‘psampled twenty~t1mes, and the readlngs averaged to ellmlnate
'i_mlnor 51gna1 voltage fluctuatlon errors. The dlfferentlal
ground voltage was subtracted from. all of the ‘readings. The

required’ chemlcal flow rate was calculated based upon the

A

© LVDT dlsplacement and a cal1brat10n value-(feed rate per
._'LVDT dlsplacement) whlch was calculated in the prev1ous
‘loop, and the correspond1ng opt1mal arrangement of nozzles

twas chosen. The d1g1tal word.which would actlvate the proper
.-soleno1ds was then sknt on the output llnes, and an updated

-,callbratlon value for the next loop was calculated based on ’

the eguatlon:ar

a = w‘/,(vjt) }.}..I;...t,.r......;..;........}.... 3.1a

'//ff ‘where a = calibration value (t/(hzmv))

umulatlve mass : of forage harvested (t)

W =
current average of all the LVDT readlngsi'
taken durlng thlS run- (mv)

t1me 51nce the start of the run . (h)

t

hSeveral addltlonal var1ables (1e actual chem1cal
’appllcatlon rate, forage mass harvested dur1ng the prev1ous

'1loop)-were.also Calculated (Append1x C) The . transducer

N

oy

v

A\
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prlnter, and program executlon returned to the beginning of
the loop |

The program could also run when the load cells from the
'foragg!wagon were not connected into the system, or were. not

be1ng used to calculate the callbratlon value. In these

i

e CASES A~ calibration. value from a prev1ous run was entered

via the minicomputer keyboard and used for the entire run. -
This feature allowed a second non-instrumented forage wagon
to be used dur1ng harvest, while retaining*the'minicomputer

_ operatlon for chemlcal application control

3.2 RESULTS

- 3. 2 1 SYSTEM ANALYSIS - APPLICATION RATE ‘AND - LINE PRESSURE
The harvest runs on the private farms (system runs)

. were to examlne the operatlon<of the mod1f1ed app11cat10n
system, and ranged from 96 to 586 seconds in length the
time requ;red to flll a forage wagon. The data (Appendlx D)
were collected on the minicomputer printer only, at 13 to 14
second 1ntervals. The crops harvested were barley and a
barley- oats mlxture. The range of moisture contents (as

measured with a CENCO m01sture balance) was quite narrow

- “

(52% to 66%, wet'bas1s) and one length of cut was used for
the major1ty of the runs.b o _ - = -
The appllcatlon rates of sulphur d10x1de to forage’for

bheach of. these runs are recorded in gable 3.1. The chemlcal,

A agp11catlon ‘control ‘for each run was based on one of two

4
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Table. 3.1 Harvest variébles and the chemical appligatidn
. rates for the system runs (preliminary study).
: o C ' S

Tength Tength —%a1" value . applic.

Run a\crop of run of cut ° (t/hr/mv) rate -
# ’ (s) <~ (mm) . calc. used (%),
S ] 448 19, 0.356 .-----=  .0.40
> 2 : 504 - . 6 . 0.235  =——-- - 0.33
~\1\ o112 6 0,208 ----= ~ 0.28
SN 504 6 T ----- 0.235 0.44
5 k_ ¥2 574 6 0.206 -—--- 0.44
6 % . . 602 6 = —-——- 0.205 0.47
7 . *3 - 532 6 0.242 -m——- . 0.34
8 - 574 6 === 0.240 0.39
9 . 574 6 V. memm—- 0.240 0.46
10 *4 518 6 0.215 + —-=—=- 0.30
crop : *1 = Farm #1, day 1, 40% d.m. content barley.
" %2 =-Farm #1, day 2, 48% d.m. content-barley. _
%3 = Farm #2, day 3, 40% d.m. content barley/oats.
x4 =

- Farm #3, day 4, 34% d.m. content barley.

N
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possihle'calibration'values. The first run with each crop

had to calculate the calibration value for that particular

o

crop; therelore, these runs used a calibration value which

vas belng contlnuously updated (Table 3. 1, "A1 calc. ).

I

’Later runs w1th a s1m11ar crop could \use the callbratlon
\value»whlch had been calculated in a prev1ous run ("A1

used"), The spec1f1ed chemlcal appllcatlon rate was 0.35%

v(wet weight ba51s) and the rate actually appl1ed dur1ng the .

rins u51ng contlnuously updated callbratlon values ranged

from O. 27% to 0. 44% (mean 0. 35%) The runs u51ng a constant

prev1ously calculated cal1brat10n value had appllcatlon

jrates ranging from 0.39% to 0. 47% (meanFO 44%), with an

,average dev1at10n of 25% from the spec1f1ed rate.

_The equatlon used by the anlcomputer program forv

"' ulatlng the feed rate during the- trlals was: ' L
. > | f =b.y .;....‘,.,--..n.....'~.."..‘-.;-..f....-....'.\..-_.;'.....' 3.\1b

where f = forage feed rate (t/h) o vQ.
"h'='ca11brat10n value dt/(h cm))
y_= feedroll dlsplacement (cm)

, The value of - b was. calculated durlng each run, and was not"
.‘_necessarlly constant over several runs hav1ng 51m1Iar crops'”“
at. the same m01sture content ~and (length of cut. Th1s

equat1on is not the one wh1ch W ld be used 1n a

mlcroprocessor controlled chemlcal appllcat1on system and
subsequently, the appllcatlon control was not as accurate as’
it would be w1th the mlcroprocessor controlled system. The

.
equatlon Wthh would be used in a mlcroprocessor controlled



system could not- be calculated until the callbratlon of the‘

forage feed rate to the feedroll dlsplacement had been

completed“‘and“these system- tr1als~were done— pr1or_to thea. 444444 S
calibration trials '
Addltlonal -inaccuracy was 1ntroduced 1nto the
appllcatlon control system 51nce the mlnrcomputer only
> sampled-the'LVDT readlng dur;ng'a‘S second ;nterval during
each program cycle. An 1mprovement 1n the accuracy of the‘
‘appl1cat10n rate should be ev1dent in a system which uses
the. Callbratlon, and which measures the feedroll |
dlsplacement contlnuously | |
The varlatlon of the pressure 1n the chemlcal l1nes-
’durlng a typ1ca1 system run can be seen in F1gure 3 6 The -
préssure fluctuated between 360 and 640. kPa, w1th an averagej_
pressure of approx1mately 550 kPa, durlng run #6. The |
fluctuatlons 1n 11ne pressure appear to be related to the =
! chemlcal flowrate. A large drop 1n pressure corresponded to‘
one of" the larger nozzles ‘being swltched ‘on. A pump was ¢
located between the chemlcal tanks and the solen01ds, and a
" back pressure regulat1ng valve regulated the pressureh,
”However, the: valve would not be able to 1nstantaneously‘
respond to a drop in l1ne pressure when a larger nozzle
'sw1tched on, or to an 1ncrease in line pressure when a
':smaller nozzle was actlvated The fluctuatlons 1n 11ne'
pressure probably were due to the response t1me of the
valve, whlch appears ‘to be several seconds..These |

fluctuatlons in pressure, whlch\were a result of a. changlng
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chemical flowrate, and which in turn affected the flowrate,

were taken into account in the design of the

microprocessor:controlled_chémicallapplication;system,lm;_l;e;ll
I,,. R o ’ D ) .
3?2‘2 CALIBRATION — FEED RATE AND FEEDROLL DISPLACEMENT
The harvest runs done at the Ellersl1e Research Statlon.g-
were to callbrate the feedroll dlsplacement The length of
e.the tr1als ranged from 55 to 286 seconds, w1th the data
be1ng collected on paper tape at half second 1ntervals. A
range of‘crop.m01sture contents, lengths of cut and forage
feed rates'were used infthese trlals.‘The crop moiSture

content was varled by allow1ng the crop to dry for dlfferent'

. lengths of t1me between cuttlng and chopplng ~The length of

‘cut was varled by a 51mple gear: adjustment on the harvester

_and a range of feed rates was obtalned by varylng the

o tractor speed and by rak1ng crop rows together.

The average forage feed rate and the average feedroll
'dlsplacement were determlned for each callbratlon run. The r',t
lfaverage forage feed rate was found bv f1tt1ng avﬁgralght |
line through the data on ar graph w1th forage mass in the
"wagon~as a funct1on of t1me The slope of thlS 11ne ‘is- the’.'
feed rate. Flgures 3 7 and 3. 8 are representatlve of the.
"data collected (Append1x E) It can be seen that the feed
arates remalned constant dur1ng each run. The feedroll ‘f
dlsplacement measurements taken durlng each run were |
averaged to g1ve the average feedroll dlsplacement over the

o

‘Entlre run. -
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Flgure 3 8 Callbrat1on run #9 w1th alfalfa-‘mass of
forage in the forage wagon and feedroll
dlsplacement versus tlme.f
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~ The relationship between two variables'can usually be

expressed by a- polynomlal exponential‘ or logarithmic

multlple 11near regres51on program the data collected at-

Ellerslle was f1tted to these equat1ons, and was found to

best f1t the logarlthmlc equatlon.

f‘ = 'a + b'log(y l) ....;‘.'.-.‘-‘..-v’......-‘_.._»..'.'-'....'...'.‘.._3v.‘2._

HWhere £ = forage feed rate (t/h)
f'y:= feedroll dlsplacement (cm)
1= theoretlcal length of cut (mm)

- a, b ‘constants for each crop

The flfteen data p01nts for barley f1t thlS equatlon w1th ‘a ff~*

'R squared value (coeff1c1ent of multlple determlnatlon) of

= :O 7773 and constants of "_j- e
‘a.;389
b= 5.85. Lo o

f’The coeff1c1ent of multlple determ1nat1on 1s the proportlon

S

- of varlance in the’ dependent var1able (1n this case, f)

accounted for by the relatlonshlp of 1t w1th'the 1ndependent

,_4var1ables (Steel & Torrle 1960) Values of R- squared range_':

from 0 to 1, w1th a perfect f1t of data to an equatlon

’ result1ng in an R squared value of. 1; The R—squared value-v
forrthe n1ne alfalfa'data po1nts was 0. 4895 w1th1constants'jf K

of: a = B.73

b= 3.69.

4Craphs‘of the data points, andithefbestjfit equation‘canvbecs

“seen in Figures 3.9 and 3.10.
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R- squared values of 0 5407 for the barley data and

7

0. 3998 for the alfalfa data were obtalned when the data was

‘fltted to theillnear (polynomlal) equation:

. ..'

IR £ N S R R PR ce. 3.3
where f =.forage feed rate (t/h)' B - o
y = feedroll displacement (cm) '
.l =vtheoretlcal length of.cut (mm)
- Ja = constant for ‘each crop

It was noted that by deletlng the data po1nt for
| alfalfa at the 19 mm. length of cut the R- squared values
‘1ncreased to 0 7732 for equat1on 3.2 and to 0. 5786 for‘
equat1on 3. 3 There is no justlflcatlon for cla1m1ng this
p01nt to ‘be "bad data" and deletlng it. However, equat1ons
3. 2 and 3. 3 are to approx1mate, not descr1be, the phy51cal
relatlonshlps between feed rate, feedroll dlsplacement and -
_length of. cut Therefore, an extreme length of cut qould |
yleld a data p01nt whlch is radlcally d1fferent from the
data p01nt5'at the less extreme length of cuts, and 19 mm is‘
the longest (most extreme) length of cut avallable on the
forage harvester used Since 1t is unllkely that the 19 mm
length of cut w1ll be commonly used the 19 mm data p01nt"
- could be deleted to- allow the f1tted equatlons to better.
approx1mate the feed rate at the: lesser lengths of cut. The
'constants for the alfalfa data f1tted to equatlon 3.2 when '.
deletlng this po1nt are.' | '
a = 8.38
b= 5.010 | : | e
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§

'The data point for barley at the 190 mm length‘of.cut is'not

‘as dlfferent from the other data p01nts ‘as the alfalfa 19 mm

_“l_m;mw__data p01nt is, possibly because of the dlfferent

'lcharacter1st1cs of the two crops.

. Mains - (1983) d1d not 1nclude the length of cut as a
'-varlable in hlS research however, 1t has been 1ncluded in
equatlons 3.2 and 3.3. The length of cut-on a forage
harvester is varled by changlng the ratlo of the gear drlve-
of the feedrolls, which changes the feedroll sﬁeed The
"relatlonshlp between the feedroll dlsplacement feedroll

hspeed, and theoretlcal length of cut can be expressed as

_ '(dlsplacement) ) 1/speed)_
and  (speed) . (length) - SRR S
thus A(dlsplacement) - 1/length) B

.'Slnce the length of cut 1nversely 1nfluences the
rdlsplacement 1t was 1nserted 1nto the equatlonsbas a
multlpller of the dlsplacement.,Although the relatlonsh1p
“between length of cut (feedroll speed) and dl@placement may
not be an exact llnear 1nversely proportlonal one,‘the.
results obtalned w1th equatlon 3.2 are deemed adequate for

thlS appllcat1on.b

The varlable of dry matter content wh1ch was 1ncluded

in the equatlons found by Malns (1983) was not 1ncluded in

a equat1on 3.2 since it 1s unllkely that 1t would be known.

——

."Equatlon 3.2 should be reasonably accurate over the range of °

v-crop dry matter contents normally encountered durlng e

harvestlng.



. 4. DESIGN AND TESTING

e OBJECTIVE S RN t

The purpose of thlS study was to- de51gn an eff1c1ent
and economlcal control system for apply1ng a llqu1d chemlcal
to forages, 1nclud1ng~such.chemlcals‘that arelonly in a
11qu1d state at amblent temperatures 1f the1r pressure is
greater than atmospherlc. The system must - be capable of
«measurlng the forage feed rate through a harvester, and of
controlllng the chemlcal flowrate to g1ve a spec1f1ed ‘
chem1cal appllcatlon rate w1th respect to forage mass.<In
add1t10n to the control system a mon1tor1ng system would be

7advantageous. The monltorlng system would prov1de
1nformatlon, such as the forage feed rate and the total )
chemlcal used to the operator..Elther system could be ‘used’’
1ndependently w1th a. forage haryester, or both systems could _

be used together W1th some modlflcatlons,(ifther system | ’

mlght also be used w1th a baler,

4 2 MONITOR
| The monltor from the.ZT 4 dr1V1ng computer package‘f=7
Tl~(ZEMCO San Ramon, Callfornla) was used for ‘the- monltorlngv
'system to prov1de 1nformatlon ‘to the operator. ‘When used
‘IWIth an automoblle, ‘the vehlcle dlstance travelled and the‘
fuel usage are mon1tored The monltor has an 1nternal clock
4to glve a readout of t1me and allow calculatlons of the

vehlcle speed and the fuel flowrate, and it is de51gned to

42



,operate'from an automobile battery (Zemco 1983).

-

A

The 2T-4 monitor was chosen fori this application since

its automobile measurements and calculations parallel those

‘whlch are necessary in the monitor for this chemzcal

application system. 'In addition, the ZT 4 computer package
1nc1udes,a flowmeter which could be modlfled for use with
thlS system, and a magnetlc detector wh1ch had the potentlal
for use in a magnetlc feed rate sensor ‘

The spec1f1catlons and c1rcu1t dlagram for the ZT 4

monltor were not avallable. The flowmeter was des1gned for

A

‘use w1th this monltor, therefore, no lntermedlary c1rcu1t
» | L

was necessary between the monitor and flowmeter The

A

c1rcu1try necessary to allow connecblon of a feed rate

\sensor to the monltor is discussed 1n sectlon 4 3

‘

/

ro C e

4,3 FEED RATE SENSOR

Dur1ng ‘the callbratlon trlals 1n the prellmlnary study,

‘dthe forage feed rate was callbrated to an exponentlal
functlon (equatlon 3. 2) and a llnear functlon (equatlon 3..3)

“of the product of the feedroll dlsplacement and/thEOretlcal

@'

,length of cut (or rotatlonal veloc1ty) “A sensor.capable;of

-measurlng thls product to. be used 1n these equat1ons, was,

requ1red The feedroll dlsplacement was effectlvely measured

with an LVDT dur1ng the prellmlnary study,,and the

f rotatlonal veloc1ty could be ea51ly measured with a dc

tachometer However, both of these transducers are analog o -

_dev1ces, and are therefore not d1rectly compatlble w1th a

4
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A"“

microprocessor which accepts only dlgltal 1nformatlon ‘With

some 51gnal conver51on, the LVDT and tachometer could be

less‘expens;vensensors with a,dlgltal output are avallable
and.more'feaslble. | | N U )
| ’Thehfeed ratefls;calculated with'the value of feedroll:;“
dlsplacement tlmes rotatlonal veloc1ty The 1ndependent
values of feedroll dlsplacement and rotatlonal veloc1ty are
'-not required; therefore, a single sensor could be used to
measure the1r product. Three sensorsbwere con51deredrfor use'”
"‘1n measurlng this product Each of the feed rate sensors
ons1sted of a patterned d1sk “and a correspondlng detector
located nearby The d1sk was to be connected to an upper
feedroll on the harvester xand rotate and dlsplace with- it.
The detectors exam1ned for the feed rate sensor were a

,magnetlc detector,.a reflectlve object detector and an

ulnfrared llght em1tter ‘and detector; The dlSk used in each
. g

"system would have a pattern of objects or holes to wthh the

"*partlcular detector ‘was sen51t1ve. ‘The locatlon of the

‘._detector -and the pattern would be such that the number of

f,objects,or holes detected ‘and therefore, the number of‘
T-detector'outputrsignal pulses, ‘is proportlohal‘to‘the~4
A“,dlsplacement timesfvelocity;jUnlike’thez"enCOded disks”

"

'.hdlscussed 1n the . l1terature rev1ew, whlch sense rotatlonal

dlsplacement or rotatlonal veloc1ty, these patterned dlsks"f

‘would be used to sense the product of rotat1onal veloc1ty

ﬁzand 11near dlsplacement/(/ R
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The circuit diagram for a sensor using magnetic

"‘detectlon of magnets on a dlSk is shown in Figure 4.1. The

magnetlc detector can be wired dlrectly 1nto the monltor.

‘The addltlonal c1rcu1try in thlS dlagram is requ1red for

. ampllfylng and cond1t10n1ng the detector s1gnal to make 1t

compatible with ‘the m1croprocessor control‘system. The

,magnets on the dlSk could be elther long and narrow, aligned

~along the rad11 of the dlsk or they could be smaller and

located such that the number of magnets detected at any

radlus on the dlSk would be proportlonal to that rad1al

&

dlstance. S R "'”‘.' | _> R gt

The c1rcu1t for a sensor u51ng a- reflectlve object

detector, 1s d1agrammed in Flgure 4, 2 As w1th the magnets,

reflectlve strlps -on the dlSk would be patterned such thatA

the. number of strlps detected ‘would be proport1onal to the

‘radlal dlstance. The reflect1ve ob]ect detector would be

.'ﬂallgned with the vertlcal ax1s of the dlSk

~e .

T

Flgure 4 3 shows “the c1rcu1t dlagram for the th1rd

ﬁsensor, w1th an. 1nfrared l1ght emltter and -an 1nfrared l1ght
_detector located on-opp051te 51des of a dlsk The dlSk could

‘have slots, follow1ng a\pattern 51m11ar to the one‘for-the.

\

eflectlve str1ps and the long magnets, or an arrangement of

ghoies in a pattern 51m11ar to the small round magnets.,Each

t1me a- slot or hole passed between the emltter and the

detec the detector would ‘sense ‘the 1nfrared l1ght and

pu. & "hich" voltage on . the output llne. The emltter and

detector would have to be offset fTom the dlsk center to
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7S

Magnetic

Detector | - |

'  Figufe 4.1 

N LM358N

- Circuit diagram for the-magnetic,detéctor.y-_,‘:
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=  MCA7
. Reflective:
Object Detector

 Figure 4.2. Circuit. dlagram for the reflectlve object‘”, o

detector

-
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MC7805

Voltage MT8020
Regulator "~ Detector

ME71 24
Emltter 2

2\
@l

5

'FiQUre 4.3 C1rcu1t dlagram for the 1nfrared llght emltter<'
o and detector : .
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allow for the shaft which fastens the disk to the feedroll.
. "v ‘ Since the monitor was designed'to lnterface with a
»~¥aAf-—~magnet1c detector_onwthe 1nputm51gnal llne_belnglused by_thel;ilm
feed rate sensor. The 51gnal generated by the magnetlc |
detector was therefore examlned and the feed rate sensor”
hvc1rcu1ts were de51gned to output a 51gnal compat1ble with’
the monltor. There are. two 51gnal l1nes from the magnet1c
detector to the mon1tor. The 51gnal on’ one of these l1nes‘1s
.a voltage pulse wh1ch goes from a "hlgh"'pos1t1ve voltage t0y‘
a "low"‘negatlve voltage. The second line 1s connected t0-'
ground The mon1tor detects the pulse on. the f1rst llne when.
the voltage drops below the voltage on - the second 11ne (1e._
bﬁ.when the voltage drops below 0);vTherefore, the feed rate I
A -].1‘ sensors had to output a 51gnal wh1ch went from a po51t1ve touf-
| a negatlve voltage, relatlve to the monltor. The 51ngle cell_h'
battery 1n the c1rcu1ts 1n Flgures 4,2 and 4. 3 was used to |
P _
drop the output of 0 to 5 volts down to an output of —1 5 tof;;
”hl3 5 volts. Prior to 1nsta111ng the battery, attempts were; ’
= made to 1nput a small p051t1ve voltage on the second l1neftob v
be used as the threshold voltage at. wh1ch the pulse was | )
h”ffiy' detected however,_the second 11ne is. grounded 1ns1de theh
. mon1tor, and consequently, thls alternatlve d1d not. work<.
The magnet1c and’ reflectlve object feed. rate sensors.ev
‘were brlefly examlned The magnetlc feed rate sensor was not7"

built 51nce the fewer number of problems assoc1ated w1th the__,n

1nfrared 11ght em1tter and detector made that sensor more.

S

’ fea51b1e. mhe c1rcu1t for “the- magnetlc sensor is more

—
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complex than the em1tter and detectgr circuit, and”the
(

v - dlstlnctlon between an "on" and an "off" voltage from the

magnetlc detector is questlonable The magnetlc detector

h'51gnal 1s analog, WIth the magnltude/belng depe?dent on. the
E magnet1c f1eld 1nduced Thls magnetlc f1eld varlgs w1th the
strength:of the.magnets, the. dlstance between the magnet and
.theldetector,:and the'veloc1ty ofAthe magnet' therefore,.the
'ch01ce of a cutoff voltage to d15t1ngu1sh between a d1g1tal
l51gnal fon"‘and "off" 1s arb1trary and the sensor would have’
to be'. callbrated for each dlSk and each feedroll speed or
flength of cut o : |
;lh'fw i The feed rate sensor.ut111z1ng a reflectlve object.
:fdetector wa% bu1lt and found not to be fea51ble._Str1ps ofv
reflectlve tape, such as that used on blcycles and: Ry
’automoblles, were placed on a dlsk To respond to the’”
_reflectlve strlps, the detector had to be parallel to the,
‘»’ax1s ofwdlsk-rotatlon' hOWever the ax1s of the feedroll can a
e tllt.fln addition‘ the reflect1ve strlps vere not detected
iat a dlstance of more than 1 cm from thls detector,‘and w1th
some forage harvesters, a clearance of at least 1 cm would
;-be necessarg_to allow for the t11t on- the feedroll ax1s. The
;~reflect1%e object detector was also very. sen51t1ve to
‘ amblent l1ght and would requlre a shleld to block out - mostlu_
'of the dlrect and dlffuse amblent 1lght. A feed rate sensorl

' u51ng a reflect1ve object detector m1ght be fea51ble w1th a

‘;;2///more powerful detector,.more reflectlve and

mult1 d1rectlonal str1ps, and a sh1eld



The feed rate sensor using the'infrared light emitter

'hand detector was more thoroughly tested Tests were done

'wlth_the,llght emitter_and. . detector _and_ several d;sk

patterns (Flgure 4.4). S1nce the maximum feedroll

.dlsplacement measured with the Hesston 7150 forage harvester

- during the pre11m1nary study was approx1mately 10 cm, a;

radius of 12.7 cm (5 in) was used for the disks. Durlngvtheu

‘,prelininary:study, it was also found that‘the'choice of the

'f feedroll dlsplacement as. llttle as 1 cm. Therefore, the,

,ﬂdlsks de51gned requ1red a senszt1V1ty of at least 1 cm of . N:

~ 11 o . : W

lﬁdlsplacement ‘ ‘2_f:j ~ .V - . ' p

~optimal nozzle todbe turn/dyoncou1d he dependent on a.

N ) v

1 Perforated round hole screen d1sks were tested aS=well N

fas a dlSk with a unlque pattern of holes,'and disks w1th

fslots The dlSkS made w1th the perforated round hole- screens

(Figures 4.4a, b, ¢) had hole diameters of 0 79 1.27, and

__2 54 cm (0. 3125 0. 5 “and 1. 0 1n) The spac1ng between any .

two adjacent holes on one of these dlsksﬂwas the radlus of a

hOle. L ..,[ , T” ST f&"

ﬂuThé»Uﬂiquethle’diSk (Figure 4, 4d) had 2.2 cm“(O 875'.

,:’in)_diameter'holes“ Wh1ch were located at 1 .cm radlus

incrementS- This- allowed ‘a sllght overlap between the holes

in adjacent 2 cm width rlngs.,For any 1nteger "X" between 0

'and 12 the-number of holesrdetected at any.rad;al"

dlsplacement‘between "X-0.5" and "X+0.5" cm was "X". This.

pattern provided a‘dgsplacement sensitivity of .1 cm. The two

~ slotted disks examined had displacement ;sensitivites of 1 cm
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and 0.5 cm. These patterns (and the corresponding sensor)

were offset from the disk center‘by 1 cm to allow space for

the shaft of the disk. The locations of the holes or slots;

_on the disks gave a maximum'spacing between holes or slots

.more eff1c1ently In addition, thisleven spacing'allowed

at the same radial distance. ThlS spac1ng resulted in a

@

vsensor output s1gnal frequency wh1ch is as unlform as

p0551ble, reduc1ng ‘the 1nc1dence of high frequenc1es which

might exceed the limits of the COntrol or monltor sYstem,

and allowing the controlling,microprocessor program to run

. accurate dlsplacement readlngs when the feedroll had a-

rvarylng d1splacement

'Jlocated at several dlstances from the dlsk center. These .- ..

'patterns, arid holes which, were too close together to be 3&@@

‘runs tested for "dead spots 1n the dlSk poor hole

The dlSkS were mounted on a drlll ‘press for test o
9

purposes, and the dlSk was rotated at 120 rpm, a typlcal

“feedroll speed The detector output 51gnal 11ne was o g

connected to the monltor and to ‘a pulsepcounter. Output

s1gnal counts were .then taken w1th ‘the emltter/detector

=

1nd1v4dually. In add1tlon; the runs checked that the- mon1tor ",’;

jcould successfully read the signal being generated with the:

4‘\:"'. . ' . .
designed circuitry. - L , : - e
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The flowmeter used was supplied with the monitor and is

designed for measuring the fuel consumption in a vehicle.

. ,0’

This flowmeter uses an optoelectronic sensor to measure the

‘flowrate A llght emltter and a detector are located on

opp051te sides of -a raceway channel in the flowmeter. As

llqu1d £lows through the raceway, a small ball 1n the

alsplaced and travels around the raceway,.

L3

he light beam between the emltter and
'frequency of these 1nterrupt10ns, andlof'the

4
-t detec&zr output 51gnal 1s proport1ona1 to the

llqu1d flow rate.l

The flowmeter was mod1f1ed by replac1ng the rubber

S

“seals and components, whlch_were susceptrbleuto attack by.

. sulphur dioxide, with teflon parts. The modified flowmeter

. was calibrated with water in the range of flowrates which
:would be‘used in.a fielddapplication.with'thevchemical
.sulphur dlox1de Thls range was. from 0 28 to 1. 84 L/m1n
»based upon a chemlcal appllcat1on rate of 0. 35%’(wet welght)
4‘and-a forage'feed rate ranglngﬁfrom 9 to 45 t/h. The“output‘
151gnal from the flowmeter was connected to the monitor and
.to a pulse counter, and a measured amount of water was |

:passed through the flowmeter. The pulse counter aﬁd monitor- . -

readlngs wvere. compared to determlne whether any 51gnals

‘m1ght have been mlssed by the_mon1tor due to flowrate ‘

_l1m1tat1ons or other problems in ‘the mon1tor.

-

’ ’



4.5 APPLICATOR NOZZLES

The soleno1d valves for the nozzles were controlled by

i ___.__the. mlcroprocessor. Slnce the mlcrocomputer was 1ncapable of

outputtlng suff1c1ent current to energlze the solenoid,

léntermedlany c1rcu1t was requ1red to. boost ‘the control
".signal. The 1ntermed1ary c1rcu1t used was the same as thet
'c1rcu1t located between the m1n1computer and the solen01ds
~in the prellmlnary study (Appendlx B) . It was ant1c1pated

: that the system would use four appllcatorcnozzles of the

same. capac1t1es as used 1n the prellmlnary study, for the

same reasons; however,~more or fewer nozzles, or nozzles of_'

different- capacities, could be accomodated

4 6 MICROPROCESSOR CONTROLLER ‘
W

A m1crocomputer system wh1ch could respond to the

51gnals from the feed rate sensor and the flowmeter, and

produce the optlmal chemlcal flowrate, was requlred In

addltlon, the mlcrocomputer system had to be easy to

callbrate since. the system must be callbrated to the type of

érop belng harvested and the requlred chem1cal appl1cat10n"

rate. The m1crocomputer should be de51gped to Tun from the'““"'

12 volt tractor power supply,'and the m1crocomputer
components should be readlly avallable, 1nexpen51ve, and
rugged _ o -ﬁf“‘ '?'_ f:'_f %

The Motorola 6802 m1croprocessor vas chosen. The 6802¢

1,1ncorporates the 6800 m1croprocessor with an on- ch1p clock.

osc111ator and 128 bytes of RAM (random access memory) ThlS

. Pz



‘ eliminates the need for these two additional chips in the.

microcomputer system. The 6800 is ‘an 8-bit microprocessor}-

- and is capable of addressing 64K bytes -of memory. The 8-bit

A
Cow

: need not be mass produced at - the factory Thls feature makes

data bus is multidiréctional These features allow the 6802

,m1croprocessor the capabllltles requ1red in this-
- appllcatlon, yet the 6802 is still simple and small enough
:to be practlcal Similar m1croprocessors are avallable from
fother compan1es, such as. the zllog Z2~-80 and the Intel 8080
'ser1es These m1croprocessors have the same capabllltles as‘d'
d’the M6800 but the M6800 was chosen because of «its
' ava1lab111ty and greater popularlty (Motorola~1981 réégé et
”al 1977, Cralg 1982 Hlnkle 1982) The 6820° PIA (perlpheral '

'~F1nterface adapter) for I/O (1nput/output) operatlons, and

the MCM2716 EPROM (erasable programmable read only megpry)

T

.for program storage were selected The MCM2716 memory is

permanent in the event of power fallures or shutdownS{
however the program and permanent ‘data can be stored.

(wr1tten) 1nto memory by an 1nd1v1dual system de51gner'and

@

“

the MC2716 EPROM econom1ca1 and fea51ble for non mass

°r]1productlon syStems, and permlts the de51gner to erase ahd
';rewrlte 1nto the memory, thereby mak1ng ‘future mod1f1catlons

'hd,to programs p0551ble. A voltage regulator allows the ‘ s

m1crocomputer to run from the tractor battery, and a crystal'r

'rc1rcu1t prov1des the 1nput to the on-chip clock All of

“;these components met the requlrement of belng 1nexpens1ve,

f,‘z"@é&»

. rugge and.readlly:ava1lable. (Cralg 1982 Gréenfreld=1984,‘_°



: ’ ‘ ‘ <

Motorola 1981, Hinkle 1982, Pag&1977

The circuit dlagram for such a m1crocomputer system can
N\

'be seen 1n.Flgure 4.5 (Cralg 1982). The operator callbrates_

i

the system by settfng a series of elght "0n/off“ sw1tches»

Four of these sw1tches 1nd1cate the requ1red chemical
appllcatlon rate. The remarnlng four:sw1tches are set
'accordingxtoZtheftypeiofICrop'being harvested andxharvester,
being used. The microﬁrocessorihas several sets of feedroll
equatronpconstants'in its memory, and it would retrieve the
'smOSt appropriategsetjof constants for the‘t%pe of harvest
‘run:specifiedlby these‘four syitches.‘These switchestare'
connected to eight of the Sixt'en i/O lines ofbthe PIA, The -

f”}feed rate sensor 1s connected to one of four 1nterrupt"

»1nes on the PIA On a voltage pulse from the feed rate ‘,Aww
sensor, a count ofvthese pulses would he 1ncremented. The
.flommetervis simiiarlyiconnected to.another of the L
“interrupt" lines. Four of the rema1n1ng elght PIA I/O 11nes _

‘ » are used to output the 51gnal from the m1crocomputer to the B
'ffféﬁﬁdpower ampllfler which sw1tches the solen01ds. The four .
}remalnlng PIA 1/0 llnes remaln unused in thls system but‘“
:could 9e connected to add1t10na1 solen01d valves, 1nd1cator.-

llghts (1e. extreme feed rate condltlons) or;add1tional>
,monitoring transducers.- P _; | o

When the m1crocomputer system 1s'powered on, the

m1croprocessor would beijn executlon of the program to
j~control the appllcatﬂbn of a chemlcal to a forage. A llstlng

]
of thlS program is recorded 1n Appendlx F. Upon start up,

$

Y . T ’ ‘("é

o
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* .

the program samples the switches sét:by the,operator and

stores “the resultlng value. The program then enters a : C)‘

Y

-w¥~——~u~cont1nuous looplwhlch is. 1nterrupted only by the feed rate
sensor or flowmeter 51gnals._Each t1me there is an;

1"interrupt"' the m1croprocessor Jumps to a subroutune wh1ch
. AN )
i detenmxnes Vhlch SEnsor has sent the pulse and then

-l
e N =

1gdrem£ntswfhe pulse count f&i that sensor. Every secc:d,

LV .
tﬁ;ﬁmr{fbprocessd@ reads the feed rate sensor couqt and

lfﬁalfﬁlates the forage feed rate over the prev1ous second and4'
hd );lm"' o R .

the requ1red chemlcal flow,rate fon thlS feed rate, based

_the nozzle or nozzle'comblnatlons wh1ch w1ll glve a flow

,rate nearest to thefrequ1red flow raté ‘and instructs the‘ﬁ
< »‘
,PIA to acg1vate thelcorrespond1ng solen01ds.,The T

.-', L

mlcroprocessor thenVcalculates the chem1caﬂ flow rate”fromz:

A i "b ‘Y‘r

;uthe flowmtter count:over the prev1ous second If° the flow'

_jrate measured dIffer§’51gn1f1cantly from ‘the expected

~ -

capac1ty of the actlve nozzle(s) then the nozzle capac1ty o

a0 _value is updated to t?e measured flow'rate value,‘for use
M ~._ [ w Q . o .
'Asdurlgg the remalnder ofgthe run.




5. DESIGN RESULTS AND DISCUSSION

-

5.1 MONITOR

_In the chemicatl appl1cat10n system de51gnedfwg ZT- 4
dr1v1ng complto was used as the monltor whlchrﬁl vided a
readout of the forage harvested based upoﬁQE%Q;gnal 1nput

1from'an optoelectronlc sensor, and the chemical: used "based

vupon a 51gnal 1nput from a. flowmeter. The monltor also ,'j}gr .

:calculated and prov1ded a readout of the forage feed ratg?”*“

chemical usage rate, and the forage welght harvested per‘7V;

-

chemlcal welght applled h - ”vi.‘
‘The monrtor calculates. the forage welghtLgased upon
~f1bequ§&1on 3. 3; the llnear relatlonsh1p between the feed” gate"
and the feedroll dlsplacement tlmes rotatlona; veléc1t9 As
can be seen from the R- squared values in sectlon 3 2.2, he
11near eguatlon does not yield as accurate estlmates of the

:dependent varlable as the hggarathmrc eQUatlon The monltor,'

v (2T-4 dr1v1ng computer) ;s permanently grogrammed w1th a ‘f

v‘lelnear relatlonshlp far 1ts orlglnaiwzn@bnded use of j- '.!7

e measurlng the dlstance‘%ravelled by a vehlcle, and the B
: S

, ”»;convenlence and low cost of the dr1v1ng computer package

‘fjustlfy the use “of ZT 4 monltor, desplte the less accurate

i
i

T 'estlmates.

The monltor was used 1n tests w1th both the feed rate
' ¥
senSor and the modlfled flowmeter. Rellable readouts (as

Q

‘3 verrf1ed w1th a pulse. counter) were obtalned w1th the unlque

1 4

?v’hole and slotted dlSkS in- the feed rate sen51ng system and

9};@5 : , _f S l; S e ‘
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‘with the flowmeter. The tests were done with the range'of

ed rate sensor Signals and flowmeter signals which would

‘be \en ountered normally

5 2 FEED RATE SENSOR

Cone | The feed rate sensor with the best potent1al was judged
to be the one w1th the - 1nfrared l1ght emltter and. detector. T

A schemat1c of the l1gh£lem1tter and detector and the dlsk -

can be seen in Fagure 5’14 The. emltter and detector could be

e

placed Ib'to 5 cm apart The circuit did nbtﬂdetectih'

on a brlght day, and' the design (Flgure 5. 1f§§jB§E§dT°
y e
sunl1ght to prevent thlS. The s1gnal from the ciy

) can be
-y ‘kmﬂ‘,sk ("‘n( i e

‘read by the monltor and should be compatlble w1th the
vmlcrocomputer controEler as well = | ,
-Of the six disks tested w1th‘the infrared light emitter

and detector system the slotted dlSkS were the most A':-Aﬂ, i;Qf_

Py

) effectlve for measurlng the product of feedroll d1splacement
f and rotatlonal veloc1ty (Appendlx G) W1th the disks" made
from perforated round hole screen, a llmltatlon wasf

“ 5,\)'4
"\encountered with the’ monltor wlth regard to the frequency”oé;
“} / : s .1

pulse w1dth of the 51gnal The mon1tor was unable to respggg ;'“
'accurately to- the 51gnal at the larger radlal dlstances on‘

e the small and medlum round- hole screens of 0 79 and 1. 27 cm
s O ,.’»,’!’ B .
hole dlameter. It responded to the. s1gnals at any radlus on

B N

" the large (2. 54Jcm d1ameter) round Hole screen only

Furthermore, the round hole screen dlsks d1d not: have a

-

R - L en



L SR ' aaj;‘Emitger/ﬁétectorAssembly_——/_ T B

A ’ . L R -



AS ) T ,,l.
. satisfactoryvpattern.ofﬁh%les; The number of_holeS'was-not

| R ) a o ' | . . " .
proportional to the radial distance, particularly for the

.o ) ) . ’ i St
" large round-hole screen.. e

The unlque hole dlsk effect1vely 1nd1cated the

dlsplacement w1th a sen51t1v1ty of 1 cm; however,.lt would

-

not be. reasonable to make a 51m11ar d1sk w1th a greater
.sens1t1v1ty The manufacture of such a disk would be

time- consum1ng and 1mpract1cal due to the large number of
holes requlred and the complexlty of the hole pattern. Such
a dlsk would also have smaller holes,aand it is probable

"that. the monltor 11m1tatlon on 51gnal frequency or«pulse

.w1dth encountered ‘with the round hole screen dlsks,.would

. also ‘be encountered w1th thlS d1sk

2

The two slotted d1sks w1th the emltter and detector

system proved to be an«_ffect1ve 1nd1cator of feedroll f

d1splacement tlmes vel'%
14
’dlstance on the~dlsks was compatlbre wlth the monvtor, and

xthe 51gnal output was proportlonal to the radlal dlstance.

ty‘ The output s1gnal at any radlal

-.5The hlghest 51gnal frequency measured by the monltor 1n the _
dr111 tests,'w1th the 21 slot dlsk (Flgure 4, 4f) at a radlal

'dlstance of 11 cm (20 slots detected) was: 40 Hz.. The upper

3

/"feedrolls on forage harvesters have rotatlonal veloc1t%§
R

‘between 60 and 200 rpm~ however, the feedroll dlsplacement

~

lwould be lower at the hlgher veloc1t1es.bTherefore, a 51gna1

v‘frequency greater than 40 Hz sshould not be normally B ‘A;K

encounteregﬁ_
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5.3 CHEMICAL FLOW SENSOR - S :
The pulse counter and monitor‘readoutvvalueS’for'the.

: : S . . D : : )
calibration done on the flowmeter are recorded 1n Appendix

(”/these h1gher flowrates and the flowmeter could be'

“H. The flowrates uséd:in,this.application arebhigher than

the'fuel flowrates ordfnarily measured by‘the'monitor;

*however the flowmeter and mon1tor functloned eff1c1ently at

successfully»callbrated, !
5 4 MICROPROCESSOR CONTROL SYSTEM
' The complete m1croptocessor controlled and mon1tored

chemlcal appl1cat10n system 1s,d1agrammed in’ Flgure ‘5.2. The,

;{flowmeter and>gted nate ‘sensor argﬁlnputs to the '

t . wgw : ~,;a‘;,, S o
m1crocomputér system wh;c@lcontrols the solen01ds of’ the»

appllcator nozzles. The soleno1ds are actlvated based on a

Tw

”callbratlon value set by the operator as well as the forage[,h -

: feedgrate and the flow rate. The. feed rate sensor and

flowmeter are also connected to a mon1tor (the ZT 4 dr1v1ng ;m
‘Computer) whlchvlndependently provldes 1nformatlon on_the o
‘system to the operator.-t.

Theuaccuracy of the control system is 11m1ted by the

:iyaccuracy of equat1on 3. 2 relatlng ;Qe product of feedroll

:dlsplacement and veloc1ty to the feed rate, and the
avallable flow. rate settlngs of the nozzles. The number of

3noz§les, é;d the1r capac1t1es, could be changed w1th llttle

"‘-

’,change to the mlcroprocessor program. Four ‘'nozzles w1th flow

rates of 0. 38,. 0. 57, 0.76 and 1.14 L/min provide an adequate:

" ~
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Figuré 5.2 jBlock?diagrah of the micrqprocessof—controlled -
- and monitored chemical application. system. -



" range for treatlng forage with sulphur ledee at the\

ﬁappllcat1on rate -of - O 35% of the wet matter (1% of the

dry matter)

 The controller and the monitor will have to be sy

. calibrated for each forage harvester. Furthermore, the

sprlngs on ‘the. feedrolls may be adjusted, so that the
'callbratlon for a forage harvester may be rendered useless

by an adjustment to the sprlng tension. Callbratlons would

o

requ1red for each crop to be harvested (ie. barley,

alfalfa) In the present system, several sets of cal1brat10n

, constants are stored in the m1crocomputer memory and the

PN

.operator spec1f1es the set of constants to be used by -

settlng four,sw1tches Th1s control syste: could be mod1f1ed

'to allow the operator to callbrate his particular: fo?age'f

_harvester and crop, rather than ch0051ng the set of - ﬁ

wconstants for the harvest condltlons which most closely

.resemble'hls ‘own.

The control system could funct1on w1th a pressure

_,-"g

~--,;_.--,«transducer in the chemlcal llne, rather than @@flowmeter

‘This would 1nvolve a mod1f1cat1on to the M1croprocessor_

program in whlch the flowrate for. a nozzle would be
calculated from ‘the measdred pressure, rather than be1ng
measured d1rectly Slnce a pressure transducer has an analog
output and the: control system uses d1g1ta1 s1gnals only, it

would be necessary to add an analog to d1g1tal converter to

the m1crocomputer system W1th such a control system, thes

accuracy yould be further limited by the equatlon relating.v

N
R
- -

L4 y Tt st
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" the nozzle flowrate to the line pressure, and the inability

ofﬁthe,system-togknow whether a nozzle was-partially'or

-

‘wholly blocked. Furthermore, the monitoring system would not. .

’:6 functlon w1th ‘the pressure. transducer unless- the control

system calculated the flow rate and sent the approprlate #
51gnal to the monitor. With a pressure transducer rather
than a flowmeter vthe monitoring system ‘could. no longer be .

1ndependent of the control system. o ¢
- Since the system monltor and the controller are two
-3separate entltles,‘lt 1s p0551ble to use one or the other or»
y . both The mlcroprocessor controller could calculate and

' output uhe system 1nformat10n é6n a dlsplayc The addltlon of o
‘a monltor 1nto the control system would ‘be 51mple in the

) _ o
mlcroprocessor program. However, . this would ellmlnate the

«

_optlon of u51ng the monltor&only, and. suff1c1ent I/O llnes

A

£

':to accomodate such a dlsplay are not avallable 1n the_»
present m1crocomputer system An addltlonal PIA would have
to be added along w1th a dlsplay In addltlon, a flowmetern

.‘as su1tablEUas the one prov1ded w1th the 2T-4 dr1v1ng

> computer'would have to be tound and purchased. The ZT—4" i

‘monitor was therefore considered to be the-most versatile -

‘and fea51ble monltorlng opt1oj.
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' 6. CONCLUSIONS

A sensor to measure the forage feed rate through a

forage harvester w1th reasonable prec151on »s fea51b1e The

regbing
RS

the forage feed rate,7cumulative welght*

feed rate sensor developed measured the product of the
-feedroli‘displaeement and rotational veiocity to obtain‘a
measure,of the feed rate, independent~of,the iength of'cut:
An infrared iight emitter‘and detedtor,band auslotted'
diSk'conneoted.to‘the’feedrbll, were used to obtain the’ |
product Of'displaeement and velocity. The.optoelectroniot.
-sensor'was judgedlto‘be more Suitable'than‘the magnetic:
sensorifor this applicatfon . o |

A monitoring‘systep, whlch used the developed feed rate

‘ .
a.' g

of,fOrage cut,

~and modified flow rate sensors, was cao of_lndlcatlng

'chemical flov rate, CUmulative"weight'of chemical'used “:and

the appllcatlon rate. The prec1syon of such a system is” ?isz

N 11m1ted by the 1naccurac1es of the feed rate and flow

o

sensors, however, 1t 1s»much more prec1se than v1sual

‘, r

est1mates offthe forage feed rate and of the flow rate of a

st
-

chemlcal at varylng pressures. R q-rw=a

+The mlcroprocessor control of a lquld chem1ca1

.appllcatlon system, wh1ch 1s capable of controlllng the

- >app11catlon rate of the chemlcal to the forage u51ng the

developed feed rate and mod1f1ed flow sensors is also

fea51ble As w1th the monltor, the prec151on of=the system

N 1s 11m1ted by the 1naccurac1es of the ‘two sensors, and also BPRRE

‘hy.the capacrties of the applloator ‘nozzles be1ng used;




however, this system would

manual control method.
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7. RECOMMENDATIONS a o
- Callbratlon values, to be employed by the control

system must be obtalned for the crops and forage harvesters

ylnstallatlon of add1t1onal.sw1tches for 1nput;

components.

"éleVated forfstorage;v

“used,-As~an alternative to storing a set.of»cal1bratlon

values: for'each’unique harVeSt-condition in the .
m1crocomputer memory, the operator could callbrate the

system for his partlcular cro; and forage harvester Thié

J;vwould requ1re mod1f1cat10ns to the control program and the

I

The m1crocomputer af, the control system should be built
. &f&! -

'and the control program should be’ run to test . for program

errors and 1nterfac1ng problems between the mlcrocomputer

¢

The cost effect1veness of ‘the control system could be

‘»detarmlned by u51ng a computer s1mulatlon program to model

.;the operatlon of the m1croprocessor controlled chemical
'appllcatlon systemqand ‘a manually controlled appl1catlon
'system and comparlng the chem1cal used W1th the two

"systems.'

The feed rate sensor mlght be adapted to measure the

feed rate of hay dur1ng bal1ng or- graln durlng comb1n1ng A

»

yd1fferent sensor would be requ1red for measurement of graln'

“in ‘an auger. The m1croprocessor controlled chemlcal

appl1catlon and mon1tor1ng systems could Ehen be used for

,ﬂhay;as it ;s ba'led, or for graln as 1t is comblned or
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Calibéatioh ofﬁthe'LVDT

The s1gna1 condltloner prov1ded the excitation voltage and .
conditioned the output signal from the LVDT. The sigrdal
conditioner ou%put was .recorded for measured displacements
over .the entire range of the LVDT. 'The feedroll ».
——displacement is three timesraslarge-as— the-LVDT
dlsplacement because of the cantllever arrangement.

o
~ * co - . .
L2 . . oo - . - - . )

po LVDT dlsplacement e 51gna1 condltloner
(cm(ln)) S output (mv) ., " .
- -‘l o : ; ;- 13
'c?oo A B T IR
.0.88 " (0.33) ¢ oot 116 *1 -
1.65 (0.65) - L., 239 7o ¥

. 2.337:(0.92) Tt 352 . |
e 3,47 (1.37) .o 539 .y

4.66 (1.83) - . 716, T
,5.25. .(2.07) s 816 . s T,
TR .5_._-~,, S (2.288 & C.o904  F ot
;.‘-;((N@;@Q (2 52) - maxlmum . 990
"é::’ ’ '-“ B : P . -,3_»‘.7»"1" ..:.‘";;" A ‘ , v _ '»"\
. A _ o . ‘ . s N "}_A,._n.;"",‘ .A .o L#
f“N;" e y,w=‘0\éb6464gz S Qe e fiu

s+ where yy = LVBT*dlsplaCement (cm)
I : ¥z & feedroll displacement (cm) ]
SRR o z = 51gnal conditioner output (Ww)u

D

< '_"\ : T
a
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- Callbratlon of the Forage Wagon Load Cells
‘: K v

The four load cells were each w1red 1nto a 51gnal

conditioner channel. Eath ¢hannel provided the- exc1tat1on A
“voltage and- output signalfconditioning for .its load cell.¥ . waﬁg

The signal:conditioner outplts were recorded for a “know .u-v~}'ﬁ;¢

“1oad on-thg front load cells and on~ the“réar“load‘cells,§”~
- The load cellils were calibrated in palrs sin the welgﬁt{h¢
of only one corner resulted in reaction fofgsg at all -four
load cells, whereas the weighting of one end of the. wagon
prlmarlly 1nfluenced only the two load cells at that %p o

. N I . 3‘ ) R N 'A % NS
mass (kg) on. load cell ;, . output (mv) on ch%gnel #o .

| i Bty L L&

) AL s - » i

AT v 5 = T
prls C e

. w3 .10 L 87 =13 st
d ‘ LA .4\’ . 6 - 8 . s .:‘-0.'. . _7 ) *«r_;‘
Naverage - 2 . /9. 4 =10 & '
SR * ",69 ,_’:‘ 96 = 6 N _24‘& v
0+ . 807 w83 -1 o -T4&
~“aq¢ra§ev;,71 90 3 =19 -
s gl 5 64 gm67 T

: gaaveragé &l.z7h;5‘ 764 - 66

o]

((7122) "+ 190-9)) mv'.xfg -

S e 3
- Load Cells 1 & 2 : (100 + 100) kgt
' 150 my

)T o200 kg
: - - dy = 1 ‘33 dax ‘} ‘ RRCREATES — ©
: e 3 ' ””n,ﬂ%%@ﬁf'. o
A where dy =*change in mass". on the o R LW
" load cell (kg) L =
o | : R dx,é change in- readlng (mv)
‘Load Cells 3 & 4 : (100 + 100) kg - ((64-4) + (6§+1o)) nv
I 200 kg = 136 mvoo . _
: ST e e e dy f.1 f o { :
i ARSI 2 .
(J*r. ” .. _— - - / »a + e 1
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Callbratlon of the Appllcator Nozzles'

The welght of wateerhach passed through each nozzle over a

‘given. time - perlod and at-.a"controlled water _pressure, was

measured aﬁd the flow rates were calculated.

i

[

S “t. R S - ot - S .
o, . * [ : . v g -
: : - . . L . . .

nozz&e # g t1me 1nterval e welght of water (g)

P

E anduratlng _ (s) S 415 kPa (60lp51) 552 kPa (80 p51)

B .r L A | B
80010 30 5 L ﬂ 247.8" . 20,2,
S s T 28009 L 292.6

(0 38 L/mln %ﬂ ey T b 248 2 . 285.8

*

ks

.g:: Pt

C(6tio useem) . Y. .. Maspis 7 288.3 .

at: 415 kPa) ;;j’-fﬁ;, SR, 248.24 1 L . 290 o,.w -
- &“ "“'*”average 249 5 ?-S'ﬂ h
53 G 1 348,8 - ‘z |
S 1 mﬂw,‘x'“ L el LK 347, 4~*0¢ ‘ 98.. 3 .
(o 57 L/nhn R '»‘;_“"“348 2 LT L4010
(O,JS*USGPMﬂ) T 346 5»;-‘;,; - 1396.0"
AR : ‘twg. “_ :350. 4'“}¢ﬁ” . .'398.3

-2

T k695, RS X-TE WA
S “agslL2” ht T542.7)
A 475, e T 85006,

461037~ % 549.0

14661 . .552.8

i587.8
523.2

6 L#mrﬂ *@-'5»

©524,0 -4
©.519.0 -
' .520.2
526.3
BRI - o a51.3 . 524.8. .-
LT C .7 .7 ake.8 -~ - . 516.3
. o average ‘" 450.1 o 521.8 .

(114LAmn*W'aﬁfvﬂ
o 30 USGPM)) o

"

4

et average CaeBl3t ol 398.0 . "y

520.6 . .-
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@ e ? ¥ BN '
L N flowrate /(L/r‘n""in and T{0SGBM) ).

%4., nozzle # 415 kPa 552 kPa ‘
80010 0.50°(0.13)  0.58.(0.15) -

80015 —0:70-(0:18) - 5:-0+80~(0+21)

. .80020 W3 (0.28) .10 (0.29) -
“80030- 1857 (0.36) 4.57" (0.41)
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Calibration of the Pressure TranSducer

The signal condltloner problded the excitation voltage and

the output signal ‘conditiening for the pressure transducer. “xﬁ

The output voltage from the signal conditioner was recor'ded -

at dtmosprrlc pressure and at 552 kPa (80 p51) of pressu,;. ,
N W, (I

.atmospheric(pregééét C101;3 kPa (14.7 psi)) S
readings’ =~ -36.43, -33.53, 34,10, -31.31, 35 70 mv
avérage*é‘-34 21 my % s ,

552. kPa (80 psi) presSure RN el ,

‘V‘ff readlng§ = =-12,05, -11 .26, -]6.32}‘;10.94, ;17.80 mg}Q
average = -13,67 mv : e : -

/S ' ' ) .
R y = 851, 15 + (21 93 x) w0
. . O
where y = 5essure (kPa) ,
.. x = reading (mv) " - ‘-

% . A 9 ' .o SR ";,'
@ : . -» "’_ . e . .






) PN N “ ‘*
. ‘1. , .‘;'- N 82
‘” 4: . 'S
. ' K R
\ . ,k‘ }
o ‘b ’.
: * > T
. S "
+05vOo—
v .‘I ‘N:. M
il - R g
1200 O ‘
, -. ,
S e -~
‘. ;.
' * T
. Sl 4N25
e Opto-lsolator

€, ‘-
.o s

: -4 < K s
- . :' ' Y A3 ‘ - . - . -y N
o el ‘ - oo :
‘ 4 ..'“ ’ "_4 . ' : R oY &
Kl . ‘ I"- ‘ s , N ° e : a
o :‘ A T’{! : _ ; 3 or ‘ o s L T
' 7 ~ 0.7 B O A
el “ - R ,jt.f PRI ~
RS . LI PR
IFigu}e B1 . C1rcu1t dlagram of the power ampllfler°i$cated
between the MINC- minicomputer and each
v durlng the pre11m1nary study.

gplen01d




. : PR 4
. . v'@‘k ) ‘ 4 -
. ‘ ‘ T
oA Lo
e o ' » " !
AFPENDIX C °
A S .
Co Bt T
T o o T,
i -
~ ’ . ) o °
. &
) R . 3
» * )
. L BN )
) -
) ?
B - "' N .., ‘ﬁ'
- - N '
o
- . R AT
, . (A
. ! .’ - !
‘ roe . &> ’ :
.y C }
: e L :
L .o *
T e . -’
SP - PO e :
.
..' ." ’ " - o
VA e
" " . i d : T
¥ St '
: : )
] . ‘. '
- » ‘
o ..
. 83 -
. ”




R ‘ o e .
Flowchart of the chemical application control
program for the MINC minicomputer during(the“v

et e »
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interrupt
set 7

operator input
' - ,nwai\tu OP
reinitiatize”

operétor input
- llstopll or .
"continue"
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,Chemical appllcatlon control program for the MINC
‘'minicomputer during the preliminary study.
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MINC MINICOMPUTER PROGRAM FOR DATA COLLECTION ON THE
DIBPILLACEMENT OF A FORAOE HARVESTER FEEDROLL. FORAGE

. FEED RATE, CHEMICAL APPLICATION RATE AND CHEHICAL
APPLICATION PRESSURE, AND FOR THE MINICOMPUTER CONTROL .

* DF THE CHEMICAL APPLICATION RATE (CHEMICAL WEIGHT / FORAGE

HEIGHT).

JULY 1882 DEPARTNENT OF AOQRICULTURAL ENGINEERING
UNIVERSITY OF ALBERTA

SANDRA STURTON » ' N

— = 8 e - = - = e . b " e o o e s i e e b 0 e e S Y T . T = 5. et At " e e =

INITIALIZATION

OPEN(UNTT=2,NAME= 'LP{ ")

DIHENSION INFD(40)

INTEGER#4 ITIME.IHRS.IMIN.ISEC.ITCK

- INTEGER I1.JAS,JAG,JCAL,13

REAL LOAD!.,LOADZ.LOADSI., LDADG:LUI-LOZ:LDS'LO4 FORATE.T4,FLO
REAL INFOWA,LAFOKWA,CUIFOWA,T2.T3.FL1,PR1.TB.LAFLO

REAL TERRUP.PRESS.,OFF1.0FFSET.A5,INL,T3,T6,T7,T7T9,CA

REAL INIWAG.LVDTSU.Al,AZ,TO,TL,DCAL.LVDTOT,WAFLOK,CUFLO, CB
REAL INFOLV,CUFDILV.LVDT.LVDTO,LUDTF.LVDTC,CUAPR2

N

IDATA IS THE VALUE OF THE OUTPUT WORD WHICH CONTROLS THE NOZZLES.

IOUT IS THE OUTPUT WORD WHICH CONTROLS THE NOZZLES.

FLO IS THE CURRENT CHEMICAL FLOK THROUGH THE NOZZLES (FROM
CALIBRATIONS AT 350 KPA OF PRESSURE). .

:ﬁFLD 18 THE CALCUIATED CHEMICAL FLOW REGUIRED.

THE NOZZLES ARE INITIALLY TURNED "OFF" = NO CHEMICAL FLOHN.

aonnaoaoon

IDATA=0111

IDUT=DOUT! , + IERR. [DATA) :
FLD=0.0 .
HAFLOHW=0.0

GTIM AND CVUTTIM ARE MINC SUBROUTINES TO READ THE CURRENT TIME.
TIME *ZERD" IS WHEN THE MINC IS POWERED ON.

acoaooanon

TS 1S THE STARTUP TIME OF THIS PROGRAM 1IN SECONDS.

CALL GTIM(ITINE) | ; A
GALL CYUTTIM(ITIME, IHRS, IMIN, ISEC, ITCK) /
T9=(IHRS#3500)+ ( IMIN#*E0) + ISEC+(ITCK/60) /
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MRITE (2.30)

WRITE(2,31)

HRITE(Z,32)

WRITE(2,33). | ,

WRITE(Z,34) \

WRITE(2,33) - :
30 FORMAT({’ T1 T4 AS | A3 )
31 FORMAT(’ -PRESS = LUDT') L
32 FORMAT(’ LOAD! LOADZ LOAD3 LOADA /)
33 FORMAT(’ CUFOMA  CUFOLY  INFOWA  INFOLV')
34 FORMAT(’ CUFLD  CUAPRZ‘) \ ' .
35 FORMAT(’ FORATE  KAFLOW ~ FLO \ 1DATA’)

180 WRITE(Z,38) \ . T R
36 FORMAT ('’ .;ocoanlo.oqcDioo..lnc&ll.u&lob&l’y

e e e e = i e e i m e im em s e = e e o ek e o A 6 s e - e R T e M M emm e e eSS S e S e

L1 AND L2 ARE, IDENTIFIERS OF THE KIRST PROGRAM LOGP IN
EACH RUN, AND ARE USED TO SET THE INITIAL LOAD CELL :
READINGS. , Lo

a0a0000n

Li=0 ’ ‘\ ’ T
L2=0 1~ : .

LAFLO=0.0 \ ,
LAFOHA=0.0 : \ .

CUFQOLV=0.0 \

CUFLO=0.0 .

LYDTOT20.0 ! _
CA=0.0 \ : : ‘ .
CB=0.0 _ L

—— - — . —— e ————— - - -

LUDTO IS THE CURRENT KREADING FROM THE LVUDT AT ZERD DISPLACEMENT.
N LVUDTF IS THE CURRENT READING FROM THE LUDT AT MAXIMUM DISPLACEMENT.
I.LUDTC NAS THE READING FROM THE LVDT AT MAXIMUM DISPLACEMENT FOR
THE RUN FROM WHICH THE CALIBRATION CONSTANTS FOR THIS RUN
WERE OBTAINED. THE. VALUE OF LVUDTGC IS EGUAL TO THE LVDTF VALUE IF
THIS RUN IS CALCULATING CRLIBRATION CONSTANTS AS IT PROGRESSES.

anoonoonanno

JAT IS A "FURAGiHAGﬂN HOOKED IN™ IDENTIFIER.

180 WRITE(G.10) ) ’ |
. }
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aaaano an

"noon

0oOoonn

10

11

12
13
14

200
13

. 220

16

17

230

240

18
20

*

o

FORMAT( ' ENTER LVDT READINGS AT NO, FULL, CALIB DEFLECTION")
READ(3.,11)LVDTO . .
READ(S.,11)LVDTF )
READ(3,11)LVDTC

FORMAT(F8.2)

WRITE(Z2,12)
WRITE(2,39)LUDTO. LUDTF LVUDTC

FORMAT(’ LVDTO LVUDTF LYDTC") N
WRITE(B,13)

FORMAT(’ FORAGE WAGON HOOKED IN? YES--1. NO--0') -
READ(3.J4) JAS

FORMAT(I1)

IP (JAS.EQ.O0) GO TO 230

IF (JAS.NE.1) GO TO 190

HRITE(2,13) '

FORMAT(’ THE FORART WAGON IS HOOKED 1IN’ Y

IF THE FORAGE WAGON IS HOOKED IN. THE PROORAM CAN RUN

USING PREVIOUSI Y CALCULATED CALIBRATION VALUES OR
CALCULATING CALIBRATION VALUES AS IT PROGRESSES.

JCAL IS A CALJRRATION RUN IDENTIFIER.

WRITE(E, 16)

FORMAT(’ CALIBRATION RUN--1: NOT--0')
READ(S.14) JCAL

IF (JCAL.EG.0) GO TD 24¢ h
IF (JCAL.NE.;) GD TO 220

WRITE(2.17)

FORMAT(* CALIBRATION RUN’)

B80.TD 250

1F THE FORAGE WAGON 1S NOT HOOKED IN. THE PROGRAM MUST
’ USE PREVIOUSLY CALCULATED CALIBRATION VALUES.

WRITE(2,18)

FORMAT (* THE FORAGE WAGON IS NOT HOOKED IN‘)
HRITE(2.,19)

WRITE(6.20)

FORMAT( NON-CALIBRATION RUN')

FORMAT{‘ ENTER CALIBRATION CONSTANTS., CA AND CB‘)

CA AND CPB ARF THF CALJBRATION CONSTANTS, Gé FORAGE
HARVEST WEIGHT PER LVDT MILLIVOLT READING- -
AND ARE ENTERED ON THE KEYBOARD BY THE OPERATOR.

READ(J.2))CA

" READ(5,21)C8B

FORMAT(FB.3)
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MRITE(2,22) - , "
RITE(2,23)CA,CB
22 FORMAT(‘’ CALIBRATION CONSTANTS,CA AND CB ARE ! ‘)
23 FORMAT(FB.S5,1X.FB.3) .
250 CLOSE(UNIT=2) *

Cmmrm e em e e e it e e e e e e e im e e m
cC READ 100 LUDT VALUEG (VOLTS) AT 0.05 SECOND INTERVALS, AND CONVERT
c THE AVERAGE TO MILLIVOLTS. N
c ______________________________________________________________________________
C ILUDTEI) 18 THE SUM OF THE 100 LVDT READINGS DURTNG THIS LODP (VOLTS).
c LUDT IS AN INDIVIDUAL LVDT READING DURING THIS LOOP (VOLTS). AND IS
C THE AVFRAGE OF THE 100 LUDT READINGS OUTSIDE OF THE LOOP (MV).
c OFF1 IS THE SUM OF THE 100 GROUND DIFFERENTIAL READINGS DURING
c THIS LOOP (VOLTS).
c OFFSET IS AN INDIVIDUAL GROUND DIFFERENTIAL READING DURING THIS 007
C (VOLTS). AND IS THE AVERAGE OF THE 100 GROUND DIFFERENTIAL
> OUTSIDE DF THE 1.00P (VOLTS). -
> T1 IS THE TIME AT WHICH A PROGRAM CYCLE BEGINS. (SECUNDS)
c .
c N ;e
261 CALL GTIMCITIME) ' .
CALL CUTTIM(ITINE, IHRS,IMIN, ISEC,ITCK) ' L
T1=(IHRS¥3600)+( IMIN#E0)+IEEC+(1TCK/60) : L.
280 OPEN(UNIT=Z,NAME="LP: "), T
OFF1=0 , . . g
LUDTSU=0.000 ' : : S
DO 300 I1=1,100 . i,
A2=11#0.03 , A : T

320 CALL GTIM(ITIME) :
CALL CYTTIM(ITIME,IHRS, IMIN, ISEC,ITCK) : o :
3-(IHRSl3800)+(IHXN#BO)*ISEC+(ITCK/BO) C S .
T2=T3-T1 .
IF (T2.LT.A2) GO TO 320
LUDT=CAD2FP (IADINP(0,6))
LUDTSU=LYDTEBU+LYDT
OFFSET=CADZFP(IADINP(O.11))
OFF 1 =OFF 1+0FFSET -
300 CONTINUE - _ ‘
OFFSET=0FF1/100 . ‘
LUDT= (LUDTC/LYDTF)# (LUDTSU- OFF1)#10-LUDTO B
CALCULATE FORAGE FEED RATE AND THE. REGUIRED CHEMICAL
FLOWRATE.
FORATE IS THE CALCULATED FORAGE FEED RATE (TONNES/HOUR) OVER,
THE PREVIOUS FIVE SECONDS, BASED, UPON THE CALCULATED (A1) OR
KEYROARND-ENTRY (CA, CB) CALIBRATION VALUES.
WAFLOW IS THE REQUIRED CHEMICAL FLOWRATE (LITERS/MIN)
BASFD UPON THE CURRENT FORAGE FEED RATE, A CHEMICAL

acooaoaoan
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APPLICATION. RATE UF 3.3 KG SULPHUR DIOXIDE / TONNE FORAG._.
AND ‘A SULPHLUR DIOXIDE DENSITY OF 1 39 KG /- LITER. b

300

IF(JCAL.FR.0) GO TO 302 -
FORATE=LVDT#Al - o - L
Qo TO 304 - W : A .
302 FORATE=CA+(LUDT#CB) - . . o
304 WAFLOW+FORATE#0.04197 , R -
c __________________________ . e e e o ot e e et e e e P o S e e = o e —— -
«_ ' » READ PRESSURE TRANSDUCER., : : :

. FORAGE WAGON LDAD CELLS 20 TIMES, ° , ,
AND AVERAGE EACH OF THEM. . T . -/
PRI IS THE. SUM OF THE 20 PRESSURE TRANSDUCER READINGS: ounruu THIS

LOOP (VOLTS), .
PRESS IS. AN INDIVIDUAL- PRESBURE TRANSDUCER READINU DUR ING THIS
LnnP‘(UDLTq). :
LO1¥ LOZ, .LD3 AND LOA4 ARE EACH' THE SUM OF ONE OF THE % FORAME
" WAGON L.DAD CELLE DURING THIS LOOP (VOLTS).
-- LOAD!., LOADZ, LOAD3 AND LOAD& ARE EACH ‘AN INDIVIDUAL FDRAGE
HAGON 1.0AD CET.L READING nunrnu THIS LOOP (VOLTS). :
THE SIGNAL FROH LOAD'CELL 1 HAS‘INPUT oN .CHANNEL 1.
. THE SIGNAl FROM THE SUM' OF LDAD CELLS 1 AND 2 uAs INPUT ON
7 - CHANNEL 2. "
THE SIGNAL FROM LDAD CELL 3 WAS INPUT ON CHANNEL 3. L
THE SIGNAL FROM, THE.SUM OF IDAD CELLS 3 AND 4 NAS INPUT on’
" CHANNEL &, ~ 7

noooonnNoonoNnaoonaona

~

PR1=0.0 . e ' 5
LO1=0.0— ) . : ' , L ‘ i
LO2=0.0 . , ' » o ‘ 5
Lp3=0.0 » : o ‘ .o ’
LD4=0.0 , ‘ . ' S ) -
.00 72 K3=1,20, o
PnEss-CADZFP(IADtNP(o.7))
PRi=FR1+PRESS . . , . -
LOAD1=CADZFP(IADINP(O, 1)) : o o
LOADZ=CAD2FP(IADINP(0,2))~LOAD1 . '
LOADI=CAD2FP( IADINP(0,3)) _ : - ST
v LDADA-DADZFP(IAD!NP(O.4))rLOADS . o o JIETE '
LD1=L01+LOADL—— - RO - - C e e : “ s
' LO2=L02+LOAD2Z : : ) ' : . : S
LO3=L03+L0DAD3 - ’ ’
LOA4=L04+L0ADS ] ,
72 CONTINUE 4 . .

e

c’ CONVERT LINE PRESSURE AND FGRAGE SHITEH nEAnrqu 10
c- MILLIVOLTS. . o

R _ . N . g AR . e .
N Cov v R e f ‘7?.,‘1,5-,

&,
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CDNUERT FDRAGE HAGON LODAD CELL READ!NGS To KILOCRAHS.

INIWAG THF SUM OF \THE INITIAL FORAGE WAGON LOAD CELLS (KG).

LOADL » LDAD‘v LDADI AND LDAD4 ARE EACH THE AVERAGF WEIGHT
MEASURED BY ONE OF} THE FORAGE WAGON LOAD CELLS (KQ).

PRESS IS5 TIIE, AVERAGE RFADINB NEABURED BY THE PRESSURE
TRANSDUCER™ (MU), .

THE DIFFERENTIAL GRBUND READING HAS BEEN SUBTRACTED FRDH
AlLL OF THF READINBQ.
LbADl=(LDI/LO-OFFSET)'JSSO
LDADZ=(LOZ/ZO-DEFSET)51330 ‘ : v
DAD3=(L.03/20~-0FFSET) #1470
-CDAD4=(L04/20-0OFFSET) #1470
IF(L1.08T,0) GOTO 340 .
INIKWAG= LOADI+LOADZ+LDADS+LOGD4
Li=}
340 PRESS=(PR1/20- -OFFSET) #1000
- IF (1.2.67.0)-GOTO 480 . . o . - o .
L2=1 . . S , ~

g et ———— - et =N e e e e o e -

4so‘xnara-oxxo
-FLO=0.580 .
IF(HAFLOW.GT.0.70) IDATA=110}
IF {WAFLOW.GT.0.70) FLO=.798 - .
1IF (MAFLOW.BT.0.95). 1IDATA=0010 o ‘ .
IF(WAFLOW.GT.0.95) FLO=1.096- ‘ ' .
- 1F.(HAFLOW.GT.1.3%) IDATA=111L | -
: IF(WAFLOW.GT.1.35) FLO=1.358%
IF(KHAFLOW.GT.1.6%) IDATA=1100
IF (WAFLOW.GT.1.65) FLO=1.673
IF (HAFLDW.GT.1.80) IDATA=1001
IF(NAFLOK.GT.1.80) FLO=1.881
IF(HAFLOH.GT.2.15) IDATA=0101
IF(WAFLON.GT.2.{¥) FLO=2.361
IF(HAFLOW.GT.2.35) IDATA=1011
IF(WAFLOK.GT.2.5%%) FLD=2.BFR1
IF (WAFLOW.GT.2.85) IDATA=0100
IF(HAFLON.GT.2.85) FLO=2.941
; -10UT=DOUT (" IERR, IDATA)

T3 IS THE TIME AT HHICH THE PREVIDUS NDZZLE HWAS TURNED

"+ .ON (SECONDS).

TS.1S THE LENGTH OF TIME FOR WHICH THE NOZZLES WERE ALL
"OFF" DUE TO AN "INTERRUPT" (SECONDS).

T4 1S THE LENGTH OF TIME THAT THE PREVIOUS NOZZLE WAS

anooaan
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‘-‘ . . . .

DPFRATING (LFNGTH OF PROGRAM CYCLE) (SECONDS). | o e

‘T8 IS THME PRESENT TIME ~ THE TIME AT  WHICH THE PRESENT o oo
NOZZLE HQS TURNED. ON (SECONDS). '

“TS=T8B r

CALL GTIM(ITIME)

CALL CUTTIM(ITIME.,IHRS,IMIN, ISEC,ITCK)
TB-(IHRS’SSOO)*(lMINlSO)+[SEC+(ITCKlBO)
T4=TB-TS5-T9

"T9=0.0

,CRICULAIE SYSTCM PARAMETERS

[}
1
|
<
H
{
1
5
|
!
N
]
1
H
i
!
t
l
]
i
[}
i
1
|
|
1
i
1
1
t
i
]
|
|
i
!
|
]
|
1
|
|
i
]
t
]
|
t
1
i
1
i
1
1
|
[}
[
]
!
I
1
!
1
§
!

»

INFOILV IS THE. FORAGE WEIGHT HARVESTED (KG) DURING THE PREUIDUS
PROGRAM CYCLE, BASED UPON THE LVDT READING.

LVDTTOT ., IS THE: SUM OF THE LUDT READINGS (MV) OVER THE EVTIPE RUN

CUFLD IS5 THE CUMULATIVE WEIGHT OP CHEMICAL USED (KG), . .
RASED UPOM THE CAl IPRATED FLDNRﬂTES OF THE NOZZLES. -~ . '

CUFOLY. IS THE CUMULATIVE WEIGHT DF'FDRABE HARVESTED (KG). BASEN
UFON THE 1L.YDT RFADING.

CUFOWA. IS THE CUMULATIVE CHANGE IN FDRAGE WAGON WEIGHT (KG)y BASED
UPNON THE FORAGE WAGON LOAD CELL READINGS. . )
INFOWA IS THE 'CHANGE IN FORAGE WAGON HWEIGHT (KG) DURING THE PREVIOUS
PROGRAM CYCLE., BASED,UPON THE FORAGE WAGON LOAD CELL READINGS.
CUAPRZ IS .THE. APPl XCATION RATE (KG / KG) SINCE THE START OF THE RUN.
BASED UFON THE FDRAGE WAGON LOAD CELL READINGS AND THE .
CALIRRATED FLOWRATES OF THE NOZZLES.

LAFOWA IS THE CUFONA DURING THE PREVIOUS -PROGRAM CYCLE (KG).

LAFLO IS THE FLO DURING THE PREUIDUQ PROGRAM CYCLE (L/HIN)

1NFOLU=FORATE'T4/3 B8
LYDTOT=LVDTAT+LYDT
CUFLO=CUFLO+(LAFLO#T4#0.02317)
CUFDLV=CUFOLV+INFOLV

CUFOHA= LDAbl*LDADZ+LUAD$+LOAD4 INIHAB .
INFOHA=CUFOWA-LAFOKWA

IF (JCAL.NE.O) GO TO 6000

CUAPR2= lOOiCUFLU/(FUFUHA-(CUFLD/Z)) . i

UPDATE THE "PREUIOUS CYCLE?_UALUEB.

LAFOWA=CUFONA . .
LAFLO=FLO o . o . . . e

e e et e e e e e e e e e e e M et e e i o e e 8 e o ot v = e o

WRITE(2.38)T!, T4, AS.,A3

WRITE(Z,41)PRESS.LVDT

WRITE(Z,37)L0ADL,LOADZ,LOAD3, LOADS
. .
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WRITE(2,37)CUF3ONA,CUFQLV, INFOWA, INFOLV
WRITE(2Z.,41)CUFLO,CUAPRZ : : . -
WRITE(Z,40)FORATE ,HAFLOW.FLO, IDATA ’ :
37 EORMAT(A(FR,Z2,1X))
38 FORMAT(2(FB.2/1X) 1 2(FB.5,1%))- "
9 FORMAT(3(FB.2/1X))
0 FORMAT(3(F8.2,1X),18) . .
41 FORMAT(2(FB.2:1X)) . . : T
CLOSE(UNIT=2) o ’

C ______________________________________________________________________________________
c LOOP UNTIL, TIME TO START ANOTHER INTEGRATION
c _________________________________________________________________________________
c T7 IG THE TIME IN SECONDS SINCE THE LUDT READINGS WERE
C BEGUN FOR THIB CYCLE.
c : . _ . .
c NOTE THAT T7 15 NEVER LESS THAN 5.0, AND THE PROGRAM
c PROCEFDS IMMEDIATELY WITHOUT LOOPING BACK TO 700.
C THI1S LOOP WAS INCLUDED TO ALLOW MODIFICATION OF THE
c X CYCIF TINE OF THIS PROGRAM.
c : .
700 CALL GTIM(ITIME) N
CALL CYUTTIM(ITIME, IHRS, IMIN, ISEC, ITCK)
TE=(IHRS#3G00 Y+ ( IMIN#G0)+ISEC+(ITCK/60)
T7=TE-T! '
IF(T7.LT.5.0) GOTO 700 .
v m e e e e e e e e e e e e e et o e e e et e e e e 2 i i e e e et am e ¢ i e . 0 o o e e s - e e m
(o] CHECK FOR AN INTERRUPT '
e e vt m e e v - e e e e e e e
750 TERRUPx1.0#CADZFP(IADINP(0,10))
TERRUP=TERRUP-DFFSET o
IF(TERRUP.GT.0.5) GOTO 7000 N
GO TO. 261 ) .
c- P e e et e e e = et g e T e e 2 e ot e e e e e B e o e e ———— m—————————— e
c CALIBRATION SUPROUTINE. e o '
Cs _______ s e T TR e e e = e -t S — . S G W — - = = - —
c AS JS THE CALCULATED CALIBRATION VALUE (FORABE HARVEST RATE / LVDT
c READING, = TONNE / (HOUR # MY)) BASED UPON THE CHANGE IN FORAGE
c WAGON WEIGHT AND THE LUDT READING DURING -THE PREVIOUS PROGRAN
c CYCLE.
c A) IS THE CALMULATED CALIBRATION VALUE (TONNE / (HOUR #* MV)) aasso
c UPON THE CUMULATIVE CHANGE. IN FORAGE HAGON WEIGHT AND THE SUM
g OF THE LYDT READINGS.

5000 AS=({INFONA#3.G)/(LVDT*T4) .
Al=(CUFONA%3,6)/(LUDTOT#T4) _
GOTO 420 ' —

c . v . INTFRRUPT SURROUTINE
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7000
2910

44

7604
57

~a0aa000an

aana

\
@

9000

38

ON A INTEARURT, ALi, OF THE NOZZI.ES; ARE snur\gﬁrr'
THE OFERATOR HAS A THOICE OF RE- IN)TIAL!ZJNGL#HE nuu. OR
OF TEHMPORARILY HALTING THE Rpﬂ TR T D

DPEN(UNIT=4,NAHE"’LP:’2 s

= : i A
10U D= IDATA Y t>&y S
1DATAROL 1 b
1OUT=DOUT! . » IERR » IDATA) -~ g
WRITE (B,44) -\*} “”Q§P

FORMAT(’ INTERRUPT.. RE- INIT-—tﬂ qaxr-—o'} -
READ (5 14) JAG N oL

1F¢JAG.EG. 1Y GOTO 180 RN
IF(JAG.NE.O) GOTOD 7010 ‘

WRITE(2,37) .

FORMAT(’ sror. UAIT, CONTINUE ‘)

IF THE OPERATOR HAS TEMPORARILY HALTED THE RUN
* HE MAY CONTINUE WHEN READY OR STOP THE RUN FNTIRFI(.

IF HE CONTINUES. THE TIME DURINB WHICH THE RUN WAS .
HAL TED 1S CALCULATED. THEN THE NDZZLES ARE RETURNED

’ TO THE STATE IN WHICH THEY WERE OPERATING BEFORE
THE INTFRRUPT. . ‘
Y
WRITE(6.,358)

FORMAT(’ ENTER NUMBER TO CDNTINUE (0 TO STOP) ")

READ(S.,14)13
IF(13.ER.0) GOTO 8000

CALL GTIM(ITIME) -
CALL CUTTIM(ITIME, IHRS.IMIN, Isec.xrcx)
Tg=( IHRS#3600) + (IMIN#EO) +ISEC+(ITCK/GO)
T9=TO-T6O {

IDATA=10OLD :

10UT=DOUT(, ., ERR, IDATA) ¢

GO TD 250

IF THE OPERATOR STOPS THE RUN, THEN ALL OF THE NOZZLES
ARF TURNED "OFF*". ‘ .

IDATA=0111

10UT=DOUT(, » IERR: [DATA)

KRITE(2,59)

FORMAT( * STOPFING PROGRAM EXECUTION‘)

CLOSE(UNIT=2)"

GO TO 2. »

STOF"

- END

wr
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- Table D1 System run #1; Farm #1 (Ron Bienert) with 40% dry-
' ~ matter content barley at 19 mm length of cut.

- time forage mass feedroll disp. chemical flow

(s) - (kg) - (cm) . , (L/min)
0 0.0+ 0.0 . 0.58
14 -25.3 0.0 0.58
28 , 43.8 1.7 0.58
42 . 109.9 0.1 10.58
56 116.1 -0.0 . 0,58
70 101.5 . 0.0 - 0.58.
84 107.0 2.5 . *1.57
98 130.9 0.6 ‘ 0.58
112 ~ 206.6 0.9 0.58
126 309.3 0.3 0.58
140 345.7 0.0 0.58
154 - 402.5 1.1 0.58

‘168 465.5 0.3 0.58 .
182 491.2 1.4 0.80"
196 : 633.3 1.0 0.58
210 -. 665. 2 1.4 0.80
224 . . 750.7 1.2 0.80
238 . 819.9 1.4 . 0.80
252 961.6 0.7 0.58
266 1014.1 6.4 0.58
280 1145.1 1.3 ‘0.80
294 1236.2 2.0 1.57
1308 1 1278.9 1.3 1.10
322 ©1332.1 7 0.3 . . 0.58
336 1373.1 0.0 L 0.58
350 ' 1380.7 0.8 , 0.58
364 1495, 1 1.1 0.80
378 1554.7 0.7 0.58
392 1645.8 0.2 0.58
406 ° 1725.3 B 0.80
420 . 1808.5 0.7 0.58
0.2 0.58

434, 1769.4
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Table D2 System run, #2; Farm #1 (Ron Bienert) with 40% dry L
matter content barley at 6 mm length of cut.’ ‘ :

Ty

\

‘l
time

(s).

forage mass

(kg)

feedroll di

(cm)

SR. .,

cheﬁicai‘fIOWI <
©ae (L/min) e

0
13
26
40

54
68¢

82

96 .

110
124
138
152
166
180
194
208
222
236
" 250
264
278
292
306
320
334
348
362
376
390
. 404
418

432 '

446
460
474

488

0.0 -
45.0
173.6
245.0

327.6 .
370.7
433.2
504.5
571.7
658.8
-800.9
§57.9
920.0
1004.2

1040.2 .

1088.8
1158.2
1248.3
1341.6
1392.6
1437.2
1581.8
1641.2
.1700.6
1741.5
1848.6
' 1880.6
2014. 1
2146.7
2213.2
2254.4 .
2337.1
2441.6
2500.7
2652, 1
' 2760.3

.7

-

X

°. # & e s & e & * e o ‘s s e e ' % & »

« e s o s o L )
VPEOILANPRWERIBENON S OWOOWOAN 2 =0V WON WR R~ WWN Ul

i

S“NNONNWRN=SNON SO0 20 5 alh D000 4 o -
- L] » . L) L ] v . ) » L) .. » - .

e e s

4
)
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£l
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o
L
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»
I
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. ..0.58
. '0.58
.58
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R
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“0.58
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Table D3 System run #3; Farm #1 (Ron Bienert) with 40% dry
matter content barley at 6 mm length of cut..

Py
i)

time - forage mass feedroll disp. chemical flow

(s) (kg) ‘ (cm) _ ‘ (L/min)
7 0.0 2.3 0.58
13 102.9 1.8 0.58.
27 .247.8 2.2 0.58
V40 . 310.9 1.8 0.80
\54 368.0 3.0 1.10 .
8. 477.6 2.1 0.80
82 527.1 0.4 0.58
1 .0.0 0.58

96 . 566.
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Table D4 System run #4; Farm #1 (Ron Bienert) with 40% dry
matter contewt barley at 6 mm length of cut.

1
|
- !

time. . forage mass feedroll disp. chemical flow
(s) (kg) ‘ - (cm) (L/min)
0 | 0.0 1.3 0.58
14 -27.8 2.7 1.57
28 72--3 2.6 110
42 168.3 1.6 0.80
56 265.8 2.3 1.10
70 290.9 3.5 1.67
84 363:8 1.8 0.80
98 ° 508.2 2.2 1.10
112 , 524.8 2.6 " 1.10
126 644.2 2.6 1.10
140 679.3 2.7 1.57
154 775.8 2.1 1.10
168 937.6 1.0 " 0.58
182 991.0 2.4 1.10
196 - 1048.0 2.0 1,10 -
210 1131.7 2.1 1.10
224 1273.4 2.9 1.57
238 1340.8 2.6 1.10
252 1418.4 2.3 1.10
. 266 1460.2' 1.6 0.80
280 1566.2 1.9 1.10
294 1562.6 0.2 0.58
308 1683.°0 2.3 1.10
322 T—1780.0 2.5 1,10
336 1813.5 , 1.2 -0.58
350 1950.3 3.0 1.57
364 1958.8 2.2 1.10
378 - 2028.4 2.3 1.10
392 21271 2.3 1.10
406 . 2238.0 2.1 1.10
420 2334.6 2.1 1.10
434 24489.7 2.2 1.10
448 2472.5. 1.5 0.80
462 . 2538.8 2.4/ 1.10
476 2652.7 0.7/ 0.58
490 - - 2752.6 0.4 0.58
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Table D5 System run #5;'Farm #1 (Ron Bienert) with 48% dry
matter content barley at 6 mm length of cut.

time forage mass feedroll disp. . chemical flow
(s) (kg) (em) "(L/min)
\ 0 0.0 0.0 0.58
.14 35.0 1.1 0.58
N 2- 481 1=-2 0-.58
42 150.3 1.4 0.58
56 189.8 0.0 0.58
70 187.1 0.8 0.58
84 289.5 1.6 1 0.80
98 . 390.6 2.8 1.57
112 © 437.8 1.4 0.58
126 : 492.6 1.1 0.58
140 614.5 © 0.6 0.58
154 596.8 0.1 0.58
168 598.2 0.0 0.58
182 - - 594.6 0.0 0.58
196 668.8 . -~ 0.5 0.58
210 68140 . 0.1 0.58
224 : 733.2 1.0 0.58
238 728.8 0.0 0.58
252 778.2 2.9 1.67
266 832.4 2.4 1.10
- 280 © 859.7 2.5 1.10
294 1007.8 0.9 0.58"
308 1075.4 1.8 0.80
322 1165.5 1.6 0.80
336 1231.6 2.2 1.10
350 1303.7 1.9 0.80
364 1381.9 2.0 0.80"
378 1409.7 1.9 0.80
392 1480.8 2.0 0.80
406 . 1599,5« 2.6 1.10
420 1659.9 t 2.4 1.10
434 1711.2 : 1.9 0.80
448 1801.4 2.0 0.80
462 1867.8 1.8 ‘0.80 .
476 1903.4 1.0 0.58
490  2017.7 1.7 0.80
504 2014.5 1.4 0.58
518 2080.2 - 1.4 0.58
532 2197.1 1.8 0.80
546 . 2244.9 0.7 0.58
560 2240.5 0.0 0.58
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o \ .
Table D6 System run #6; Farm #1 (Ron Bienert) wiﬁh 48% dry
matter content barley at 6 mm length of cwt..

@ ) \

. , , \
time forage mass feedroll disp. chemical\flow
(s) (kg) (cm) (L/minY

0 - 0.0 0.0 | 0.58
13 -16.1 0.0 0.58
27 31.4 . 0,0 0758
T4 - 37.8 1.3 0.58 :
55 . 93.3 " 1.8 s 0.80
69 147 .1 - 1.5 0.58 -
82 - 203.0 1.2 0.58
96 296.1 2.6 1.10
110 235.7 2.3 - 1.10
124 : 325.4 0.0 0.58 .
138 283.0 0.0 0.58
151 284 .7 1.0 - 0.58
165 323.3 . 2.0 0.80
179 376.7 1.4 0.58
193 434.9 } 1.0 ~0.58
207 . 460.4 1.6 0.80
221 532.4 1.3 0.58
235 563.5 1.6 - 0.80
249 * 687.4 0.8 - 0.58
263 709.9 . 1.9 0.80
277 760.7 1.7 0.80
291 869.0 2.3 - 1.10
305 . 932.6 1.4 0.58
319 - 1007.3 / 3.9 1.67
333 1026..8 1.2 0.58..
347 1157.2 1.7 0.80
361 1122.5 2.4 1.10
375 1168.1 1.4 - 0.58
389 1264.3 1.1 0.58
403 1281.8 1.2 0.58
417 1408.0 1.2 - 0.58
431 . 1442.0 0.5 0.58
445 1474.1 1.1 0.58
459 . 1513.7 0.8 0.58
- 473 1574.0 2.2 1. 10
487 1657.8 2.4 1.10
501 1757.0 1.8 0.80
515 1810.3 2.9 1.10
1529 ©1930.9 1.4 - 0.58
543 1935.6 1.4 0.58 -
557 . 2012.6 1.4 0.58
571 2072.2 1.6 0.80
585 . 2120.6 1.9 0.80
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Table D7 System run #7; Farm #2 (Ron Stelter) with 40% dry
matter content barley/oats at 6 mm length of cut.

time forage mass feedroll disp. chemical flow
(s) (kg) (cm) . (L/min)

0 0.0 1.6 0.58
14 . 64.4 0.9 0.58
28 103+8 14 -—0+58
42 163.8 1.6 0.58
56 ‘ 250.2 2.3 0.80
70 312.0 a 2.0 0.58
- B84 s 369.4 0.7 0.58
98 442.8 0.6 0.58
112 534.8 . 2.0 - 0.80
126 564.3 2.7 1.10
140 668.1 1.5 0.58
154 781.1 1.8 0.80
168 .~ 830.5 3.0 1.10
182 " 923.7 1.6 0.58
196 - 968.0 2.1 0.80

210 1054.2 1.2 0.58
224 \ 1128.5 1.3 0.58
238 1206.8 1.9 - 0.80

. 252 1355, 1 2.0 0.80
266 1362.4 - 1.0 0.58
280 . 1461.5° " 2.2 1,10 .
294 - . 1568.1 1.4 . 0.58
308 . .1612.0 0.4 0.58
322 1655.3 0.3 0.58
336 1710.4 1.5 0.80
3502  1669.1 41,8 0.80
364 1778.3 1.4 © 0.58
378 - .1862.8 1.0 - 0.58
392 1894.2 1.2 0.58
406~ 2017.9 0.9 0.58 .
420 .- 2009.0 0.3 - 0.58.

o 434 , 2088.4 0.5 0.58
448 2131.8 . 0.5 0.58
462 2126.3 0.5 0.58
476 . 2208.9 0.6 0.58
490 - ¢y 2274.1 0.4 0.58
504 \ 2337.8 1.0 - 0.58 .
518 2391,6 + 0.4 0.58 -
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Table D8 System run #8; Farm #2 (Ron Stelter) with 40% dry
matter content barley/oats at 6 mm length of cut.

. t 1me forage mass feedroll disp. . chemical flow
n (s) (kg) (cm) (L/min)
0 0.0 11 0.58
14 90.8 1.3 0.58
28 118 2.0 .10
42 176.4 1.9 1.10 \
56 245.4 0.9 0.58 "
.70  233.5 . 1.4 0.80
84 330.1 1.5 - 0.80
98 4221 3 1.5 0.80
/ 112 476.9 2.0. 1.10
126 593.2 1.2 0.58
140 622.9 0.7 0.58
154 646.5 1.0 0.58
R 168 772.7 0.9 0.58
182 : ©787.2 1.4 0.80
196 940.2 | 1.5 10.80
210 .- 972.4 1.7 0.80
224 1038.4 1.6 0.80.
238 1042.2 1.6 0.80
252 1164 .8 2.5 - 1.10
266 11714 . 1.3 . - - 0.58
280 -1293.3 0.8 0.58 -
294 1321.9 0.8 . 0.58
. 308 . 1476.8 1.1 -+ 0.58
322 © 1468.8 . 1.3 0.58
336 . . 1577.0 0.7 0.58
349- 1688.3 1.1 0.58 -
363 1654.6 1.2 0.58
377" 1729.8 1.4 0.80
391 1780.5 1.5 0.80
405 _ 1840.0 1.0 0.58
419 1854.0 0.5 . 0.58
433 7 1917.1 1.0 - £ 0.58
447 . 1961.3 7 0.7 0.58
461 ' 1988.8 0.3 0.58
475 2040.2 0.2 0.58
489 |- 12067.7 0.3 0.58
503 /. - 2083.1 - 0.0 0.58
517 2157.7 0.2 0.58
531 2145/1 0.5 0.58
545 2252.9 1.4 0.80
0.0 - 0.58 "

55 - - 2292.5
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Table D9 System run #9; Farm %2 (Ron Stelter) with 40% dry
- ‘matter”content barley/ocats at 6 min length~of cut.
I R , : §‘L

A . o
. '

} ! 14 .I - ‘;\b' . \ .
- time ,, forage mass feedroll disp. Ychemical flow
(s) 0 (kg) o, o+ Tii(em) | (u/min)
P - ; T
0 - .0 ' 2.3~ 1,10
13 . N7 3.4 L 1.67
27 7111 1.1 | 0.58
41 . 183.8 1.0 - . 0.58
o 55 . 183.8 SR - Y 0.80
' 69 308.2 SRR Y |\ 0.80 -
83, 418.4 1.3 , 0.58 .,
97 471.1 1.8 . 0.80 -
110 ° 633.6 “ 1.6 0.80
124 "~ 637.0 7.8 2.94
138 639.5 3.3, 1,67
152 747.5 0.8 0.58
166 - 869.3 1.2 0.58
180 890.8 1.0 0.58
194 1044.9 1.6 - 0.80
208 - 1058.8 S .. b.s8
222 - 1105.3 2.5 - - 1.10
236 1096.5 2.7 ‘ “1.57 -
250 . 1330.1 3.0 1.57 -
- 264 1405.5 2.0 1.10 -
277 . 1390.3 1.8 0.80
291 - 1521.0 2.9 - 1.57-
305 1642.9 - 1.5 - 0.80
319 . 1671.1 1.6 0.80°
333 - .1699.0 1.3 0.58
347 - . 1739.0 - 1.6 0.80 " . .-
361 . 1821.2 - 0.9 . 0.58
375 . 1918.2 1.1 0.58. -
389 1944.1. - 3.6 '1.89
403 ¥ - 2026.4 3.2 1.57 ]
417 - 2178.0 2.2 1.10
431 2037.6 0.8 0.58 oy
445 7 2213.6 0.3 0.58-
459 ’ 2376.6 2.5. 1.10
473 ' 2409.5 1.6 - §.80°
487 2460.0 1.0 - 0.58
50 1 2538.7 1.2 . 0.58
515 2519.0 1.8 1 0.80
. 529 2585.5 1.7 0.80
. 543 2704.8 0.2 0.58
557 2656.2 0.2 0.58
. B
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Table D10 System run #10; Farm #3 (EQ Nickel) with 34% dry
- ' - matter content barley at 6 mm length of cut.

490 . 2814,
504 - - 2874,

time forage mass feedroll disp. chemical flow
(s) - (kg) | - (cm) Lo (L/min)
0 0.0 2.4 0.58
14 448 0+7 —0758
28 94.6 . 1.6 . 0.58
42 147.2 . 2.8 - 0.58
56 243 .1 1.6 0.58
70 348.7 2.4 - 0.58
84 406.7 " 3.2 1,10
98 531.4 2.4 0.80
112 : 621.4 2.3 - 0.80
126 699.6 2.0 0.80
140 - 772.9 1.2 0.58
154 - 861.0 1.2 0.58
168 . 950.5 - 1.6 -0.58
182 ©1033.1 0.7 0.58
196 - 1066.0 1.6 ‘0.58
210 1128.6 1.3 0.58
224 '1258. 1 1.7 0.80.
238 " 1349.4 2.1 . 0.80
252 - 1432.4 2.2 1.10°
266 - 1530.7 4 1.9 0.80
280 - 1656.0 3 1.7 - 0.80
294 1756.7 . 2.1 1.10 ..
308 ' 1806.8 N 1.9 . -0.80
322 '~ 1886.5 1.4 " ’ 0.58
7336 1971.6 = 1.5 .0.80
. 350 . 2007.5 1.7 - 0.80
364 . 2110.1 - 1.0 . 0.58
378 . 2201.1 2.6 1,10
392 2222.6 . 1 0.58
406 J2332.1 2 2.0 £ 0.80"
. 420" - - 2388.9 - 1.9 0.80
434 . 2530.3 K 1.5 -0.58
- 448 o 2566.0 2.0 -1.10
462 ©.2606.0 2.3 -~ 1.10
476 - 2743.8 2.0 . 0.80"
1 1.3 0
1 1.8 0!
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Table E1

4

4

Ellerslie

108

Barley calibration runs doné at
- (p{eliminary study).
crop length feed - feedroll
Run time d.m. - of cut rate disp. '
# (s) (%) (mm) (t/h) (cm)
1 206 52 6 23.8 3.2
2 302 52 6 19.2 1.9
3 104. 52 6 14,2 1.
4 202. 52 6 . 19.9 3.6
5 81 . 39 6 1701 1.2 ‘
6 171 ~39 6" 18.7 2.0 #
"7 298 - 46 "6 . 15.9 1.3
8. 58 . 41 6 - 15.0 1.0
9 102. 41 4 20.4 3.4
10 112. 41 16 - 20.8 1.1
11 94 41 19 11.7 0.3
12 121. 41 11 16.6 1.5
13 107 41 8 20.1 1.1
14 125 41 6 7.2 0.3
-15 173. 41 6 14.6 - 1.6
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Table 'E2 Alfalfa callbratlon runs done at Ellerslle
o (preliminary study).

crop. length feed feedroll

Run time . -d.m. of cut .rate - disp.
# (s) (%) (mm) (t/h) (cm)
S : " <
1 60 23 6 1071 073
2 65.5 J 23 4 15.0 1.4
3 92 T . 23 19 9.8 0.3
4 65 23 16 16.0 . 0.3
5 68.5 . 23" 11 9.6 0.2
6 - 90.5 23 8 10.1 0.1
7 -~ 86.5 .26 6 5.3 0.1
8 110 327 6 . 13.5 0.6
9 ! 6 19.8 1.3

100 - 34
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dlsplacement versus time.
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forage in the forage wagon and feedroll
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forage in the forage .wagon -and feedroll
dlsplacement versus time.- '
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" Figqure E14.
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forage in the forage wagon and feedroll
 d1splacement versus tlme.
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Flgure E18 Ca11brat10n run #3 W1th alfalfa

forage in the forage wagon and feedroll _
dlsplacement versus. time. L N ]
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'Flowchart of the m1croprocessor program for .

chem1cal applicat1on control

T S "set‘défault5
Rpokt g?;'ﬂfg; |———»{ capacities
o set riagEv. . o] of nozzles

_*regd switches,
store value

Y :défine'~ LT def1ne
~interrupts - ilkf—————-_ llnegutpqt

e

[

~ enable - [ 7%
“_interrUpts» '
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Clock N\
‘count=1 secC
" v

TYyes.

zero clock
cQunt

1

read and store
flow count,
‘1zero. flow

'néad feed
- .count:

~count - - |

feed count .

get log of

(from table) |

N Tstore':thg‘]@g

‘zero feed -
- count -

1

[

- get "a"
(from table),

- store "a




|
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get jnb’ll .,
(from table)

’w] t'ip]y }u'.bu.-.
and log. (mult|
subroutine).

'add "a" to

ub X -log'u.- - ,

(=feed;rate)

sélect.

nozzle

3

activate
nozzle

~appropriate " ———————

. store feed

rate (ffr") 

get :

rate. ("ar")

application -

_¢

. multiply
""ff‘ [ and n ar "

| (=required

. flow rate)




0

~subtract last

~flow count
from nozzle
capacity value

difference
>1 ?

no

subtract
- Inozzle capacity
- from last -
~flow count

\ f1a§=l 

- 138

differenc

Lot ?

[ves

replace nozzle

capacity value

—" Tlwith Tast flow|.

count-
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~ INTERRUPT SUBROUTINE interrupt

clock
interrupt ?

flow

: interrupt ?

:ﬁ.yes

' .incremeht.  ¥} L ingremeht .
. flow count | - §IQck.coung

- clear
Cinterrupt |

~Feed
.interpupt:?'

Tyes -

Tincrement = | .
feed-count_

clear |l
~interrupt’ . -




- s . . '. . 140 ‘

MICROPROCESSOR PROGRAM FOR CHEMICAL APPLICATION ‘CONTROL

_The elght sw1tches to be set by the operator are connected
to PIA lines A0 to A7. The value entered on four of the

e

........ switches_represents_the_application rate the value

‘ ‘entered on the- other four switches represents the" type'_
of harvest run: (ie. crop and harvester).

The output-to the power- ampl1f1er and then to the solen01ds
is on PIA lines BO to B3. P

The clock is connected to PIA interrupt llne CAT. ,

. The clock is 60 Hz; therefore, one second.is 60 pulses

The flowmeter is connected to PIA interrupt line CB1.

The feed rate ‘sensor 1s connected to PIA; 1nterrupt line CBZ'

\ ' \ '

Memory addresses $0000 to $007F are RAM.| .
Memory addresses $0800 to $0FFF are EPRdM

)

~ PIA data/dlrectlon' A address (DDA) = $0400

 PIA control/status A address (CSA) = $0401° -
PIA data/direction B address (DDB) = $0402
B address (CSB) = $0&03

PIA control/status : .
. . . "'3 . . : l"
.ThlS program has been written for four nozzles, with
increasing capacities from nozzle #1 mhr0ugh nozzle #4.

The output values which will actlvate the s1ngular nozzle.

or nozzle combinations provided for - jin this program are:

nozzle 1 : 0001 (b1nary) =1 (deqlmal)

‘nozzle 2 : 0010 =.2 i ¢
“nozzle 3 : 0100 = 4 ; ’
nozzle 4 : 1000 . = 8 d

nozzles 1+3 : 0101 =.5 (. -
nozzles 2+3 20110 - = 6

u'J'j

Note. this program has not been callbrated to a spec1f1c
' -set of nozzles, flow rate sensor, or feed rate sensor.
The values correspondlng to a part1cular nozzle 51ze—
flow rate sensor, or feed rate sensor, and thi%//’“
“equation constants for different harvest gondifions
have been replaced by dashes (= )lln thlS program.
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!

Programeistfng,r'

ADDRESS OPCODES.

*

NAME

* INITIALIZE SECTION

ok

>

° MNEMONI CS

% Start. program ‘at location $0850

*
40050
$0051

'$0052

$0053 -

40055
j$0056,‘

$0059°
$005A

$0058

$005B

- .$005C.
- $005D
. $005E
. $005F
$0060. .

40061
$0062

. $0063
$0064 -

$0054

$0065

¥

'+ Set

*

$0859

.$085C.

'$085D
$085E

 $085F

$0861-

$0864 .

$0866°

$0869 -
- $086B

$086E .
$0870
1$0873

'$0850 -
.. $0853
- $0856°

thevinffiél values.

“TF
JTF
7F

- 01
01

T01

86 -- -
7 0059
86-.-— . .
‘0053

‘B7

B7

7F:

© CLOCK -

FLOW

~ .FEED

0050

0051 .
0052 .

005F

86 —-—

 ‘37
86

B7
86

005B

oosc”

CROP

APPL

CHOIC

" LACHO

LAFLO

NOZZ1
NOZZ2

NOZZ3

- NOZZ4

NOZZ5

--NOZZ6

FIRST

CONA

- LOG
MULT 1
. 'MULT2
' - MULT3-

?FRAT

e

RMB

RMB
RMB.

RMB

RMB.

RMB

1

1

1

—_

RMB 2

RMB

:RMB'
"-RMB

RMB

RMB
.RMB .
RMB

RMB
RMB

" RMB

RMB

RMB-
RMB
/RMB

. CLR
CLR
'CLR

CLR

NOP.

. NOP

NOP -

LDA

- STA..

LDA
STA

-~ LDA

STA

LDA -
STA -
LDA

. =

CLOCK
FLOW
FEED

FIRST -

->>>y>>>>>

#$;f-'..

NOZZ1
#$-—

NOZZ2

$__

_NOzZ3
#$--

NOZZ4

#5--

Capac.

141 - -

COMMENTS

a

__*:Use memory_locatlonsm$0050 to $001E_for data and buffers.m_m_

Clk pulse count
Flowmeter count.
Feed rate sensor

‘pulse count. o
Type # of harvest
“run (switches).

‘Applic rate #

. ‘(switches). :

"Nozzle # chosen.-

Nozzle # -used in

previous second.
"FLOW" ‘count .in
'© the previous sec.
 Capacity nozz 4.

Capacity nozz,2.
Capacity nozz 3.
Capac1ty nozz 4.

Capac. nozzs-2+3,

- -Flag for 1st sec.

.. "Temporary .storage-
"~ of values.
calculated.

Zero élockvcount.

~.Zero flow count.

Zero feed count.
Zero flag. '

Store capac1ty

o of nozzle 1.

nozzs 1+3. .
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40875  B7 005D STA A NOZZ5 .

- $0878° 86 -- .. - - . LDA A #$-- .
$087A B7 -005E ~ STA A NOZZ6
$087D. 01 " - 'NOP: |
$087E 01 ' . NOP

L~ $087F 01 K . ' NOP
M v . .
YH .~ % Read-the- e1ghtﬁsw1tches andustore the- value :

ok v ' »
$0880 " 7F 0401 - CLR CSA Specify PIA 11nes ,
$0883 ~7F 0400 - . - CLR DDA . AQ to A7 as -

- $0886 86 04 R LDA A #3%04. input.
$0888 B7 0401 . STA A CSA ; _

- $088B . 86 OF - - .LDA A #$0F Read switches,
$088D “B4 0400 . ~ AND A DDA . .store’ type # of
$0890 B7 0053 - STA A .CROP ' harvest run.
$0893 . 86 FO . . LDA A #$F0 '~ Read switches,
$0895 B4 0400 , AND A DDA - _store appllcatlon‘
.$0898 . B7 0054 v STA A APPL rate #.

% Define PIA lines BO to B3 as output
* Define the feed rate '‘and flow rate 1nterrupts

- 3 R )
- $089B - 7F 0403 - CLR CSB = ‘Define PIA 11nes
$089E - 86 OF o LDA-A #$0F °© ‘B0 to’'B3 as
$0900 ~ B7 0402 . 'STA A DDB - output.
$0903 86 I1F : .. LDA A #$1F Define CB1 and -
$0905 .  B7 0403 : STA A CSB = . - CB2 interrupts..
$0908 ~ B6 00 - - LDA A #$00 '~ Set solenoids .
$090A ~ B7 0402 -~ ~ STA A DDB initially . Weff"
. . $090D - 01 - . . NOP .
- " $090E - 01 . - NOP
" $090F. -0t . -~ NOP |
* : G

.. % Define the clock interrupt.
.* Enable all interrupts. .

$0910  B86:03 . - .  ..LDA A #$03 . Define CA1

- $0912 B7 0401 . "STA A CSaA o interrupt.

$0915 OE - S T CLI : ' ”Enable all
* ' ' ) .
* MAIN SECTION ' R ORRA

Ck Enter a t1m1ng loop of one secénd _
*. o S “ .
$0916 . Bs~0050' : LOOP LDA A CLOCK ~ Loop ‘until the
$0919 = 81 3Cy - CMP A #$3C° clock .count =.60,
$091B , 2C Q3 .+ BGE CALC ' ie.for 1 second.
$091D 7E 0916 . - JMP LOOP S .
M _

* Read sensors, jump to subroutlnes, return to t1m1ng loop.t
X o

$0920 . 250  CALC CLR CLOCK ; Zero the clock.
$0923 6 Gubs1 " LDA A FLOW - _Read_and store

\ .
4



. $0937 ___E6.

*****

$0929  7F 0051
$092C - B6 0052
$092F CE 0D0O
$0932 08 -
$0933 80 01
$0935 . 24 FC
00
$0939  7F 0052
$093C 'F7°0061
$093F BD 0950
40942 ° BD 0A16
"$0945° _7E 0916
- $0948 01 .
$0949 = 01
$094A 01
$094B - 01
$094C - 01
- $094D 01
$094E 01
$094F- - 01.<~
*
REQUIRED NOZZLES
$0950-, B6 0053
~ $0953 - CE 0D50
$0956. 08 .
$0957 80 01.
$0959 24 FC-
$095B "~ E6 00
$095B - F7 0060
-~ $0960° B6 0053
'$0963 - CE 0D70 -
$0966 o
- $0967 80 01
$0969 - 24 FC
$096B° - E6 00 .
$096D°  B6 0061
$0970 'BD 0A70
'$0973 . F6 0060 -
$0976 - 1B -
$0977  :B7 0065
'$097A 01
$097B 01
$097C = 01~
$097D. 01 -
$097E . 01 -
$097F 01
*

-

$0926 - B7

* Determine

0058

MORE

STA
CLR
LDA
LDX
INX

A LAFLO

FLOW
A PEED
#$0D00

SUBA #$01

BCC

LDA_

the requ1red chemlcal flow rate

NOZZ

 MOR2

' MOR3

. CLR

STA
JSR

- 'JSR

JMP
NOP

NOP
" NOP

NOP

NOP
'NOP
NOP
‘NoP

LDA

.LDX
INX
A #$01

SUB

-BCC

LDA
STA
LDA
LDX

-INX
SUB
BCC

"LDA

LDA
JSR

. LDA.
' ABA

'STA
. NOP
NOP
‘NOP
UNOP
. NOP
NOPv

MORE
B_0,X

143

~flow count, tLhen

zero it.

- Read feed count,

get the 'log of
this value from .
the.table.'

FEED
B LOG
NOZZ

FLOW -

‘LOOP

SUBROUTINE TO DETERMINE FORAGE FEED RATE

Determlne the forage feed rate.

A CROP

#$0D50. -

MOR?2
B 0;X
B CONA

A CROP .

#$0D70

-Ak#$01

MOR3 "
B 0,X
A LOG
MULT .

B. CONA:

‘A FRAT

Zero feed count.

Store the log.
Jump to NOZZ.
Jump to FLOW.
Go loop again.

L

AND THE

‘For this type #

of ‘harvest run,
get value of _
eg'n constant Ma"

from the table

i

Store "a"

"Get value of

eq'n constant”
nbn oo

T
o~

: Multlply log aﬁg
"~ constant. "b". T
" Add."a" to ‘the.

result to get .
feed rate value.

. Store value,
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 $0980 F6 0054

$0983° CE 0D99
$0986 08 MOR4

$0987 - 80 01
$0989 - 24 FC
$098B E6.00

144

" For this

T_777$098D T F6 0065
‘$0990 BD 0A70

% Determine’ which nozzles
% R -
'$0993 © B1 0059
$0996 - 2E 08
$0998. CE 0000
. $0998 86 00

~ JSR MULT

. CMP A NOZZ1

.. LDX #$0000
 LDA A #$00

. LDA B APPL.

" LDX #$0D90 ~application rate
INX #, get the value
SUB A #$01 of application
BCC MOR4 rate
LDA B 0,X
LDA B~ FRAT**_““**Multlply -feed-

rate and applic

‘rate values to

get req'd flow.,
might bélchosen; .
If flow is less
" than, nozzle 1

capacity, choose
nozzle 1.

BGT NEXT1

$099D  7E
$09A0 .~ B1 005A  NEXT]
$09A3 2E- 08 - ’
$09A5 CE 00071
'$09A8 . 86 01
$09AA - 7E 09FO0 o
$09AD ©° B1 005B NEXT2
$09B0 2E 08 '
- $09B2 "CE- 0002
"$09B5 86 02, -
. $09B7 - . 7E 0SFO
$09BA B1 005C NEXT3
'$09BD  2E 08 S
$09BF ~  CE 0003 _
'$09C2 86 03
$09C4 - 7E 09FO0 - _
. $09C7 - B1 005D NEXT4
$09CA. . 2E 08 .
'$09CC - CE 0004
. $09CF . 86 04, N
-$09D1 7E. 0SF0 et
$09D4 . - B1 005E NEXT5
. $09D7 2E 08 -
$09D9  CE 0005
.. 4$09DC. .86 05
$09DE - 7E 09F0 .
_$09E1 . . CE 0006 NEXT6
"$09E4 86 06 - o
$09E6 - -7E 0AQ0 °
$09E9 0 :
-~ $09EA. 01"
- $0SEB. 01
$09EC 01
" $09ED- 01
- $09EE 01
: : J

0A00

“ LDX

JMP.

CMP
BGT

LDA

JMP

CMP
BGT

- LDX:

LDA

- JMP
‘CMP

BGT
LDX

LDA.

JMP
CMP

. BGT
LDX
LDA
JIMP
CMP
 BGT

LDX

© LDA
- JMP

LDX

~LDA

.- JMP

SET

A NOZZ2 .

NEXT2
#$0007
A #$01

~CHOOS-

% NOZZ3
NEXT3
#$0002
A #$02
CHOOS

A NOZz4
NEXT4-

#$0003
A #$03

CHOOS -

A-NOZZ5
NEXT5

#$0004

A #$04

CHOOS. (5 .
A NOZ26
NEXT6

#$0005
A #%$05

'CHOOS

#$0006
A #$06 .

> SET
NOP

*. NOP.
"NOP

NOP

NOP -

NOP

Turn on
If flow
between
of nozz

nozzle .
is
capac

1 and 2,

go -choose 1 or

2.

< o
<



ok

.

$09EF . 01
M , :
* Choose the best nozzle or nozzle combination.
$09F0 c6,02 CHOOS LDA B #%$02 Double .the value
$09F2  BD'0A70 - . JSR MULT - of req'd flow.
"$09F5 E6 58 LDA B $58,X 1f diff between
$09F7——E0-57 SUB-B—$57,;X————nozzle capac—is <
$09F9 11 CBA. . "LE this value,
$09Fra - 2F BLE LOW choose smaller
$09FB = 08 HIGH MNX ‘ nozzle.
$09FC - 4C o _INC A < T
- $09FD " 01" LOW  NOP A
-+ $0SFE 01 : . NOP
'$09FF' 01 NOP -
x Turn. on the chosen nozzle(s)
.$0A00 ~ FF 0055 . SET_ STX CHOIC Store # of the
‘. A | -nozzle chosen.
$0A03. 'CE 0DBO- ;LDX\#$0DBO Get nozzle
~$0A06 - 08 ' "MOR5 INX' : ‘control word
$0A07 ‘80 01 S SUB A #$01 - from table.
. $0A09 24 FC " BCC MORS5 : .
-$0A0B ' E6 00 "LDA B 0,X e
$0A0D.  F7 0402 STA B DDB ‘ - Send word to
R . S _ - output on PIA.
$0A10 . 39 - “LRTS Return té main.
$0A11 01, - - NOP :
'$0A12 01 .. NOP .
-$0A13 .01 - . NOP 4 . :
$0A14v 01 " 'NOP L
.$0A15. <01 - NOP
%k .

Lk SUBROUTINE TO CHECK ‘THE FLOWRATE TO THE NOZZLE
3 AND CORRECT CAPACITY VALUE IF NECESSARY

NOP

005F

06 .
01"

. FLOW ‘ST

005F -

0A42
0056

58

0058

4D . -

0D

-
. . $0A16 7D
- $0A19 . 26
$0A1B- . 86
$0A1D - B7.
- $0A20 - 7E
$0A26 A6
$0A28 . F6
$0A2A D 10 .
$0A2C 4a -
. $0A2D
"$0A2E.  2E
- $0A30 °  B6
. '$0A33 - E6
- $0A35 10
“$0A36 " 2A

$0A37

4D

0058
58

" MOR6 -

FIRST

BNE MOR6 -
”LDA
STA
JMP
LDX
.LDA

RETUR
LACHO

SBA.
DEC A
TST A
BGT REPLA
LDA
LDA
SBA
DEC A
TST A

A’#$O1>“
A FIRST .

. A $58,X .
. LDA_B LAFLO-
MOR6 '

A LAFLO
B $58,%

‘ msd

145

APACITY R

'Skipfthis check
“during the ‘

st second. -

' Compare capac = . .
- of nozzle in

previous sec to

“the msd flow in .-

previous séc..
If the diff

" 'is more than
“one,

~go update,
the nozzle capac’

~ value to the

flow which ‘was
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$0A38: 2E 03 BGT REPLA
$0A3A . 7E 0A42 . .JMP RETUR
. $0A3D .-  B6 0058 ~REPLA LDA: A LAFLO
$0A40 A7 58 : © ~ .STA A $58,X , S
$0A42° FE 0055  RETUR LDX CHOIC - Update value of
. - $0A45 - FF 0056 . " STX LACHO - prev. nozzle # .
.- $0A48. .. .39 - | RTS and return..
TTTTT$0A49 01— ‘NOP ‘
$0A4A 0t NOP
$0A4B 01 - NOP
- $0A4C 01. . NOP
$0A4D 01 'NOP ,
$0A4E 01 - NOP o
- $0A4F 01 'NOP o
. v , B
~* INTERRUPT SUBROUTINE '
~'$0A50 : B6 0401 - POLL1 LDA A CSA * 1f the clockK .,
' $0A53 . 2A 07 - . BPL POLL2 . caused the ,
$0A55 °  7C 0050 . .INC CLOCK - interrupt, then
~$0A58 . B6 0400 ~LDA A DDA = . ~increment c¢lk, =
- o Lo T .~ clear ‘inter.
- If not, 'check .
: o L O sensors. :
.$0A5B. °.3B . - RTI. , : o )
$0ASC = - B6 0403 POLL2 LDA A CSB' - = 1If flow caused e
$0ASF - 2A°.03°- - - ~+ BPL .POLL3 . S it, 1ncrement
- $0A61 - 7C-0051. - . - INC FLOW . nflow.g o
'$0A64 84 .40  POLL3 ANDA #$40 - . If feed caused
$0A66 27 03 . : ' BEQ CLRB . it, increment,,
' $0A68 - 7C 0052 INC FEED - 4feed ‘
$0A6B B6 - CLRB ' LDA A DDB ‘Clear 1nterrupt
$0A6C - 3B .- .7 RTI o . :
$0A6D - 01 .+ 'NOP
$0A6E . .- 01 ;. NOP 2 -
$0A6F '015 ..~ NOP- ‘
o MULTIPLY SUBROUTINE | )
* When this subroutlne is called the multiplier must be’lan
ok .accumulator A, ‘and the mult1p11cand in ‘accumulator ‘B.
* The result is put into accumulator A.and is. one byte -
% ‘only. If the result is .greater than 255 then the :
* value of 255 w1ll be ‘the result , ]
x R
._]$0A70 BY 0062- fMULT) STA A MULT1 .
-$0A73 . 86 08 - LDA A #$08 r
. $0A75 ~ B7 .0063: ° -STATA'MULTz ‘ '
: $0A78‘ - 4F - -CLR A ;
. = $0A79 B7 0064 "STA A MULT3
.- $0A7C- 74.0062 . MX1  LSR MULTI1 "
- $0A7F - 24 01 - -+ BCC MX2
. $0A81 1B . -ABA T
. '$0A82 MX2  ROR A

'(4)5

"465
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'$0A83  76-0064  {  ROR MULT3 - .~ i~

',$0A8E ~ B6 0064 ~ LDA A MULT3 =~ No-lower byte 1s_

'*’§0D50 -~
to -
f$0D5F .

~*
-$0D00. -—\ $

ok

.$0A86 . 7A 0063 .. . DEC MULT2

$0A89 26 F2

$0A8B . 4D

$0ABC . 2E 04

'BNE MX1 _ . . )
. TST A \\\g.' Is the result
"~ BGT MX3  ° more than 2557

result.

“§0K9T 39
'$0A%2 .86 FF

$0A94 - 39
* TABLE OF THE
. |

to :
$0D38 -

*'TABLETOFfTHE
: |

* .

- TABLE OF THE

) ‘A‘* ‘
. $0D70"--_
to

- -$0D7F --
s .

x TABLE OF THE
¥

,,v’$ongo <
otol o
"~ - $0DOF- -

s

72*,TABLE OF ' THE

ok

'$0DBO 01

. $0DB1 02
$0DB2 04

/'

'$0DB3 .08
"$0DB4 06
- $0DB5 05
L% ‘ o
* INTERRUPT ADDRESSES.'-

*

“$0FF8fff_0A50 o

§OFFA - 0850
$OFFC . 0850 .
C$OFFE 0850

"AnEQUATIONSQQSfTANT VALUES

NOZZLE CONTROL WORDS -

RTSTT R

‘MX3 - LDA A #$FF ., "Yes- result .isj
A /. 255,

RTS S

END

LOG VALUES .

T
RN

"B"VEQUATIQN_coNSTANT VALUES _f\'

LY o P
)

APPLICATION RATE VALUES = . - -

‘active. .
, active.
" _Nozz 3.active.
- Nozz 4 active.
- Nozzs 2,3 active.

Nozz
:Nozz:

"Nozzs_1 3_act1ve,

‘ Inter-request 4"
" (clk or sensor).
Software inter.-

:Nonfmaskableslnt.':,v
" Reset ‘interrupt.. '
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‘Table G1 Readouts on the monitor and the pulse counter for .
' ‘ : the drill test:on the 0.79 cm diameter round- hole
screen dlsk

o

displacement - ! readout - ' . . 'readout . pulse counts
(cm) '~ monitor pulse counter - ratio /(cmemin) "
1.9 0.0 11791 . Cm—= o 1241,
2.5 11.8 11804 ' 999 - - 944
4.7 0.0 15132 —-- 644 .
6.6 0.0 23977 N ‘ 727
1.2 ‘1.0

24700 24455 S 686

Note: 1."the dlsplacemeht is. offset from the center.
T by 1 ecm. .. ‘
2.. "the readout rétlo should be approx1mately 250 .
unless the. monitor is not detectlng all of the
, holes/slots. ‘
3. the pulse counts/(cm m1n) should be constant ,
if the pattern is to glve a good 1nd1catlon of .
"the dlsplacement - ‘

- .
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" Table G2 Readouts of the monitor and the pulse counter for
L the drill test on the 1.27 -cm diameter round-hole
screen disk. oo : ' ' ' )

’

displacement . readout . readout - pulse counts
(cm) - monitor pulse counter ratio /(cm+min)
2.0 . - 20.9 - 5234 . 251 523 .
o - 21,0 ‘5241, - 249 524
4.7 : 26.2 5898 . - 225 ' 251
o . 26.3 5900 . 224 - 251
6.1 43,1 2435 o 56 80
o _ 40.7 . 2439 60 - . h 80
7.6 .. 20.8 © 16373 . .~ 787 : - 431
R £ 16376 e 431
8.8 7 .13.0 19015~ 1264 432
PP : 707 19010 : 2469\'. 432
/ ' -
) -
Sl
-
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Table G3 ‘Readouts on the monitor and the pulse<countér for
the.drill test on the 2.54 cm diameter round-hole
screen disk. - '

displacement readout S .readout pulse counts
"~ (cm) " monitor . pulse counter . ratio - - /(cmsmin)
| - — R :
2.5 o 15.7 3925 - 250 . 314,
15.7 = 3927 . 250 314 .
6.2 - .31.4 7856 250 253
: 7856 - - 250 - 253
3925 -250 " 103
W 3925 , =250 _ 103
: Co11123 0 o236 - 242
. 11136 236 p ~242
Y- 8508 o231 151
.. 8517 - .21 o 15
.gi" - 7859 250 - 140

7862 . 250 . 140
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‘Table G4 Readouts on the monitor and the pulse counter for
the dr111 test on the unlque hole dlsk

“disp. (cm). . readout .. teadout pulse counts
“actual approx monitor . pulse counter ratio /(eme.min)
, 2.8 3 7.9 1967 249 131
: . 7.9 < 1964 o 249 131 -
4.0 4 10.5 © 2618 o 249 131 -
B 10.5 2619 249 ~_ - 131
: 4.6 5 13.1 3273 - 250 . 131
- o 13,1 3274 250 S 131
& 5.7 6 15.7 3928 250 - - 131
o . 15,7. . . 4204 . 268 & - 140 . v
5.8 6 15,7 3930, 250 © 131
o 15,7 . . . 3928 250 . . 131
6.7 7. . 18.3 ¢ - 4580 - . . 250 - 131
S - 18.3 74578 250 . 131 .
8.4 8. 34.2. 7867 . 230 . . 197 %
' : - 34,0 .. 7852 ¢ . .230 196 %
“9¢6- 10 ‘ 31.4 -~ T, 6902 220 o 138
10.1 10 26.2 . S 6547 - © 250 o 13
P 26.2 - . 6549 - - 250 131
11.5. 11 S 28087 " . 6545 227 o119 xx
i | . 28.8 - . 6546 228 o 119 *x
x 12 holes were belng detected here, rather than the.-
expected 8. ST

*% 10 holes were being detected here, rather than the
‘ _ expected 11 ‘ : R .
Note-ﬁ4 ”The dlsplacement to the nearest un1t of
: "_sen51t1v1ty was used in the calculatlon of the
R : ~¢gount/(cm-min).
-+ .5, A small change is necessary in. the amount of . :
. overlap necessary to have the correct number. of‘“ﬁj”?;iu
. holes réad at'tany dlsplacement - 'The holes must -*jf@“?“@
a o be placed and drllled w1th prec151on.v-. ' o

S .
foro
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Table G5 Readouts on the monltor ‘and the ‘pulse counter for
the drill test on the 11—slot dlsk :

""f_~ rdispy T (em) T ’“f;’_‘“g’EZa“dO’a't‘l‘“ T readout pulse ¢ O"U'i’l"t“s
' actual approx monitor pdlse counter ratio ~ /{cmemin)

1965 249 - 131
2020 256 135 .
© 1965 - 2289 - - 131,
2620 . 250 o131
.. 2620 250 - 131
3925 . . 250 131
3929 . . 250 . - 131 -
3926~ 250 . - 131
3927 250 - - 131
6549 - . T.250. v 119 k% o~
6596 - 252 120 #x%
6542 . . 250 ; 119 . xx
6550 . | 0250 0 7 119 kxx
6548 . 250 1
" 6542 . 250 - . 1
: 65514'1' . 250,- B

9
9:*_** o
9 F%k% .,
95***fﬁ‘~

—
wn
L . . . . e e ®
MR N NI OO0

*** 10 holes were belng detected here, ratherothan the
- expected 11, _ 9 :
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Table G6° Réadduts on,the monitof«andmihé-pulse counter for
| _the drill test on the 21-slot disk.

~ Tdisp. (cm) 'areadéyﬁ; T readout'. pulgé"counts'
‘actual.approx  monitor pulse counter ratio 7 .7/(cm+in)

2.7 2.5 13.1 - 3303 . - 252 ... = 264

oo 13,1 . 3271 . 250 262

~ 3.1 0 3274 .. 7 250 . 262
18.4 4370 . p238 - .o 350

18.3 2013 - .$z19-‘, . F3p

. 18.3 . .4200 7 7230 S 240

- 18.3° - .. -3%0 213 - - 223
LRI AR 18.3 - . 4585° - . 250 262

6.2 6. - 31,5 - .7882 . - 250 263

S 31,5, 7860 - %250 - 262

... .- - 31,4 - 7853 . .250 262
210,00 10, - " 52.4 - . 13104 . 250 . . 262
e : . 52.4 . 13099 250 . 262

w w

« e )
V) w

L |

[8)] (6]

'
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Table H! Readouts on: the monltor and the pulse counter for

the flowmeter callbrat1on.
_ N

‘mass of time - readout’ flow rate -req'd monitor

_-water (g) - (min) monitor counter ~ (L/min) . calib. value

™ g
5074 5.19 . 2.43 3223 - .. 0.55 - 79.03 -
5109 - 13,60 . 2.72 . 3606 0.38 71.,08
5202 4~ 11.17 . 2.51  3323° 0,47 78.44
o B213 0 T N10.76 . L2051 0 3317 - 0.48 . . 78.61"
Coens B371 - Ay 7042 weett 2046 3248 0.72 : 82.64
“E 5099 ”fé;GQgﬁ?ﬁﬂﬁbz.zj 2920 %y . 0.74 - 87.35
. '547§N4¢“ ‘hgjiau.ﬂ 2455 . 8372:?% . 0.77 . .81.28
) 5087 - L Bu82 ©2.40. 3366 - 0.87 ~80.23
ot 5RO . 2450 .3305 0.88" 81,77,
o 56%@. &' 2,60, 3442 .. 0.99 - 81.96
P \’,4;:;1&'951 4 G20 e 1,02 88.77
o 3051?8J 2,17 === 2,037 . 1.89.13
B2 g;, 2.50 - .3323 -« '1.08- . 80.09
@ \ 52 - 2.41 - 3186 - . 110 - 82.69 .-
_— 8139 4.38 2. 17 +2828 . - 1,17 89.46
'5005 . 4.1 2918 - 1.2 86,11
302 3.34 £3135 - 1.59 .. B84.68
. 5178 3014 2830 - 1.65 -~ » 91.55
, 53577, 2.99 2965 - 1.79 -+ 90.52
5459 - 3.04 3128 . 1.80 '+ 87.55
5177 2.82 2810 .84 ;fﬂ;f22‘ )
- Note: ‘It the monitor readouts were taken at'a monitor. ERE
= s ”‘callbratlon value of 37.85 . . T
I e £he " eg'd monitor calib. value" is the N
S A - r ‘callbratlon value . requ1red to glve a readout of
Lo lltres., e, @ : : : .
) 1 . ‘. T : P
“ﬁﬁa}3average ﬁlowrate'=.1 05 L/mln ' O
*;ﬁgnflowrate rangei; 0. 38 to- 1 84 L/m1n L
A "o
‘Hﬁiiaverage reg'd callq,xvalue @4 06 - R
",callb va; e range"= 71%09 to 92 22 (84 06- 15% to 84 06+10%)
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SIMULATION MODELLING OF THE FEEDROLL DISPLACEMENT

To obtain an indication of the movement of a feedroll

on a forage harvester, and”the"feedroll displacement

relative to a forage‘input to the harvester; a simple

Lfeedroll model was examlned The dlsplacement of the upper

'-small probably dug, to the large mass. of the harvester. The'y7

'Program) “The. forage ha:vester was treated as’ a f;;,’ﬂi

:harvester dlsplacement had a cycleﬁ;.

»ground . ’ _v‘° - 1”? :

feedroll on a forage harvester was 51mulated UtlllZlng the

computer program, CSMP (Contlnuous Slmulatlon Moderllng

spr1ng~mass damper system w1th the spr1ng and damper 1-mu vlaﬁ

representlng %he tires on the harvester.‘

‘treated as a sprlng—mass system w1th a sprlng gk@;esentlngﬂ'_;;

the ten51on sprlngs between the feedroll and the harves
2’ o"" b "{ e
and a sprlng (in compre551on) representlng the crop ’

Slmulatlons were done of a forage harvester travelllng“

over a bumpy fleld One 51nulat10n was g?pe w1th no - forage
. )
1nput to the harvester and a second simu tlon had a swathg

of forage belng 1nput into the feedrolls.>‘

| when compared with the bumps on the f1eld the

Q

"displacement of &he harvester relatlve to.flat ground was;

EE L .
.m : i q'q .
equency of :

approx1mately one half the frequency of the bumps on the : ;.ﬁg

: The feedroll dlsplacement (relatlve to the harvester,-
N :

‘4 ~

or to. flat ground) was greater than the harvester

\

dlsplacementn but. had-the same cycle frequency The feedroll

i ’ v ’ "-’1
. -
i
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dlsplacement patterns for the two 51muLatlon runs were -
s1m11ar The frequency and: shape of the dlsplacement peaks
id the run 1nvolv1ng forage 1nput were almost 1dent1cal ‘to

. ¥ NN
the frequency and curve shape durlnq the no- forage run., - The s

amplltude of the feedroll dlsplacement fluctuatlon dur1ng

“the no- forage run ‘was 51gn1f1cant- howeVer the dlsplacement fﬁ
amplltude w1th a forage 1nput was greater. Slnce there was o
51gn1f1cant feedroll dlsplacement durlng the no forage run,
'_the dlsplacement of ;Q,edroll dur1ng the run w1th forage .
cannot be attrlbuted only to the forage pa551ng through the
,harvester. ”"f“ : r,"» . T
| Further analysrs and. 51mulatlons would be requ1red to Y

- derlve the true mathematlcal relatlonshlp between the o j?
’feedroll dlsplacement and the forage feed rate,througwfa”'\

N

‘harvester.

A



