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Th1s the51s descrlbes the abvelopment of a : |
m1croproéessor bas;d system for the easurement of graln
loss from the straw walkers of a coq2e9t1onal typa—gra1n :ﬁ

-

harvester. The straw walker component of total loss has been

' i shown to be the most s1gn1£1cant component of total loss in

-the harvestlng process.' '-.f7_ p;f;.'f_ R _ T

A brlef 1ntroduct1on to conventxonal and ax1al flow

| harvester operat1on and loss is presented. Current methods

" of measur1ng gra1n loss, along thh accuracy and
appl1caé111ty is dlscuSSed. A‘sengle gra1n detect1on sensor

“at. the termlnal end of the harvester does not fully 1nd1cate

‘ true separat1on loss. The development and test1ng of a

system us1ng four sensors‘beneath the walkers[ length 1s
ﬁ

'descrlbed..» el e e S :

PR

RN

‘-\.)
\J

‘“ System test results are d1scussed at three stages, the
fundamental s1§naL laboratory, and f1eld stages of »
deVelopmentﬁsThe sensor s1gna1 was examlned by analog and
dxg}tal techn1gues w1th a mldroprocessor system. The- former

technxque was chosen as the method for subsequent laboratory

and fxeld tests.

.. -

g

Laboratory tests on a stat1onary straw walker apparatus
showed that the sensor system‘accurately measures separatlon
curve data in a mechan1zed env1ronment erld test data

d1splayed accurate measurement of straw walker graln loss.

Recommendatzons are: d(éc;ssed to improve the measurement

system and testlng-proce ures. " ‘
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1. INTRODUCT I ON
The annual r1tual of grain harvest has developed 1nto a

"vh1gh1y—mechan1zed operat1on‘1nvo1v1ng far fewer workers than‘

. i

were needed in the labor-1qténs1ve communlty thresh1ng crews

of less - than f1fty years ago. The current harvest is

. N
centered around the modern graln harvester, or. comb1ne, a
complex, eff1c1ent and expen51ve component of a typlcal

» . . et

,grazn farm1ng operatlon.v7' N
_ Ut1l1z1ng the harvester S full potent1al is necessary
:'to ‘maximize overall prof1tab111ty (Hu1sman, Jssai?gﬁﬂe )
'suggest1on that an optlmum rate of thresh1ng eff1c1ency w1ll
y1eld maximum ga1n has been vell documented (McGechan and |
'.,Glasby, 1982;,Hu1sman, 1983 Leflufy and Stone, 1983;
bPalmer,d3984) ‘A'maximum rate-of'loss acceptable has.been '
suggested as. three percent of the total by the Prairie
Agr1cultural Mach1nery Instztute (PAMI,'1979) whlle' |
McGechan and Glasby (1982) suggest two percent as'anVoptimum
level The farmer cons1ders many factors, such as time'of
'year, qual1ty and value of crop,_ peratlng expenses and even
weather' uncerta1nt1es when acceptlng a partlcular level of :

loss. Regardless of the accepted optzmum loss, ‘the

contlnuous measurement thereof has been wldely attempted

1. 1 Karvester Operatxon

The ob3ect1ve of the gra1n harvest is to. extract the

P

.valuable seeds from the crop stand with little damage and

loss, hlgh cost- e£f1c1ency and as qu1ckly as p0551b1e. Two

=



.'thresh1n

a2
e '
‘o

'_major harvester des1gns have evolved to meet the harvest

challenge, the convent1onal type and the ax1al flow combxne.h '

<The’ most common type’ of comblne 15 the conventlonal
‘,;employlng -a transverse-mounted horlzontal threshlng cyl1nderd

Aand a number of straw walkers whlch together, thresh and
? separate the crop mater1al (Flgure 1 1) ~The ax1al flow
‘Acomblnes,.whlch have - galned popularlty, ut1112e large »
horlzontal or sloplng rotors to both thresh and separate—thet
'crop materlal (Flgure 1. 2) The straw walkers are not
requ1red in the ax1al flow comblne de51gn. The cogwent1ona1
bcomblne was the ohly major type avallable unt11 the
» a¥1al flow comb1ne establ1shed a market n1che w1th cla1ms ova
-;1ncreased performance w1th less croprdamage.xi

The harvest procedure remalns szmxlar regardless of |

~comb1ne type. A stand1ng crop must. bgﬁcut and fed 1nto the hi"

harvester superstructure. The cuttlng and feed;ng may be

-ldone at the same t1me by ‘the. harvester but often,‘on the

'Pralrles, the crop is first cut and la1d in windrows by a
swather. The ’rop may then be gathered by a p1ck up
lmechanlsm on/the harvester and’ fed 1nto the thresh1ng

components .

The th eshlng mechanlsm attempts to d1slodge the

kernels of gra1n from the stalk by 1mpact with the rasp barsv

of the cy 1nder or rotor. In the convent1onal comblne, the
takes place in about one’ th1rd of a revolut1on of

the thr'sh1ng cyllnder. About 65% of gra1n is also separated

\

from t straw dur1ng the threshzng process and falls



F1gure 1.1 Conventional Type Combine. A’, tyiinder? B,"

. ——
concave° c, beater' D, beater grate; E, strau walkers, F,

shoe-’G',, tu‘st curtam. (adapted from PAMI, 1980)

_‘ .. . : . . _. J § . . ’ ) .
Figure 1.2 Axial-Flov Combine.v A, rotor,c,s threshmg grate' -

N

. Qe - . .
C, separating grate- D, rear beater, E, shoe; F, ,,ta1,_11ngs

retur’g (adapted from PAMI 1979) SO a



- throughhthe’threshing' fate‘below the’cylinder (Boyce”ét"af,'

-1974) The axlal flow comb1ne commonly accepts the flow of

) fcrop axially at. one end of . the rotor.AThe crop: is. 1n1t1ally .

'

”*threshed by the threshlng sec¢1on of the rotor and concave.;h
. The crop continues in a sp1ral-around5the.rotor concaves
'towardsdthe disCharge ehéfbf the'harvester;‘ | |
k",After threshlngffseparation of grain‘fron the.strawiisd~
‘performed by the strau valkers in the“conventional’combinei;
:anq.pylthe latter portlon‘ofdtotorvand separation concaues
'lh thefaxial;flow; lhe"straijalhers oscillate rapldly,
‘hshak1ng the gra1n loose: and caus1ng the gra1n to fall ®
'1through the perforated hurface, whlle movxng the straw
"4rearward to be dlscharged The axlal flow s rotor splrals
1vthe‘straw and gra1n rearward' extractlng the gra1n by
:centr1fugal force._ | | » | ,
All the grazn separated from the straw is cleaned by
’“athe shoe, or clean1ng sieves. A’ blast of air. from the ‘
.clean1ng fan, as weld as the rec1procaqeon of the sxeves,
“keep only the kernels of gra1n,vwh11e blow1ng the chaff
:straw p1eces and other contam1nants out of the harvester.'w
‘The clean gra1n is collected and dep031ted in-a hopper tank

'for storage unt1l the combmne 1s empt1ed

‘ ,1 2 Harvester Losses ‘ ‘ |
| There are several types of crop losses wh1ch occur

"prlor to and during harvest that reduce the net return from
.the crop as: a whole. Front end losses occur before the crop

- B /



enters the harvester s thresh1ng mechan1sm. Cuttlng and

sheddlng losses, whxch are._ affected by crop matur1ty and TY"'

'method of handllng and gatherlng the. crop, ‘are cons1dered
;ifront-end losses (McGechan and Glasby, 1982) Audsley and _

Boyce (1974) .used. two second order polynom1al equatlons to -

'predlct front-end loss as a functlon oi—days past matur1ty.'
-= Sh\ddlng loss = 0.001(0.6746X%,-0. 0062x2)¥,.t/ha ERE
* - Cutting loss = 0 0.001(15,3364+0. ae19x;3o ossxz)y

\‘\
.‘.) ,“ X t/ha . 1.2:
'where:,x: = days past 30% moisture content (wet ba51s)..and
Y . constant y1eld (t/ha). : :

"Phllllps and O Callaghan (1974) chose a llnear relat10nsh1p

\

lﬁfor shedd1ng loss and an exponent1al funct1on for cuttxng !
loss as functlons o£ days past technolog1cal maturlty.
Matur1ty was’ deflned as the date on wh1ch harvestlng could
commence. 1'1 “ o ' S | |

; Sheddlng ‘loss = 0 003X‘Y t/ha fl o 1.3

A Cuttlng loss = 0 0011208(15+(T+0 025(X 40))* 4I

P exp(O 521462+0. 101165x2)), t/ha | V.4

',fwhere.t' = days past technologxcal matur1ty. | |

- o Thresh1ng loss descrlbes the loss of - seeds which ;;;

fdamaged by the thresh1ng process or those wh1ch have not
been adequately loosened from the stalk (Wrublesk1 and

.lnyborg, 1978; McGechan ‘and Glasby, 1932) | :].31



Cws

_where- S@E operat1ng speed (km/h)

j_relatlonshxp for threshlng loss-

. where:,

harvested gra1n when ad]ustlng the shoe..

. L N .

Audsley and Boyce (1974) used a relat1onshf§ for'

threshlng loss as a function of. ava11able y1eld and feedrate

) of materlal other than grain (MOG)

Threshlng loss = 0. 02(YS/(X’RS))2Y t/ha. 1.5

-

"~ ¥« constant yield for crop on farm (t/ha), o
Y, = an arbitrarily defined standard yield (t/ha),
- R = weight ratio. ¢f grain to straw, and -
-,So = rated combine speed (km/h) N

;Ph1lllps and O' Callaghan (1974) also developed a

Threshxng loss = exp(a5+a (MOG)), t/ha. 16

and a = constants depending on combine size, and
TS§ ‘ M%G = feedrate of materlal pther than gra1n (t/h)

'gigg Shoe loss, or cleanxng loss, occurs over the s1eve of .

the harvester and is usually small unless the s1eves and fan

_are maladjusted severely (ﬁrubleskl and Nyborg, 1978) Shoe
loss’ becomes.excesslve if the shoe‘1s oyerloaded,‘the air
:blast from the'cleaningnfan'is too‘powerful or nisdlreCted,

, or the S1eve open1ngs are 1ncorrect LA compromlse 1s

-]
establlshed between sieve . capac1ty and cleanllness of

. Separatlon lossesvoccur\;n both ax1al flow and
conventlonal ‘type combines an account-for the greatest
portlon of total losses at an’ optlmum operatxng level of

loss Ax1al flow separatlon loss 1s commonly referred to as'

. rotor loss. Separatlon loss for a convent1onal combzne is"

the straw walker 1oss and 1s the most s1gn1f1cant loss 1n

: most gases of pra1r1e gra1n harvesting (Nyborg et al. 1969,

. m' s
R IR



A

" Reed et ai 1970) Separatlon losses result f‘

< ;:inadequate

removal of loose grazn from the straw in e separat1on zone

_of the harvester. The separatloa—loss 1n‘reases

o o -

exponentlally wlth the M 0, G. feedrate, thus 1nfluenc1ng the

total loss cur e to be of s1m1lar exponentlal shape. Flgures
?;1 3(a) and 1. 3(b§ show the typ1cal relat1ve proportlons of
'loss types for a convent1ona1 and an ax1al flow comblne in
:barley Straw walker loss 1s dealt w1th in depth in |

chapter 2’of.th1s_thes1s, uo 3 - : el

o

1. 3 Harvester Loss Monxtorxng _
| Current gra1n loss: monltorrng has- been developed to .

.”inform the_harvester-operator of»the mach;ne~s‘funct1onalt

efficiency;'fhe farmer.had‘the4need, or the need was -

,]impreSsed upon him, of knovfng'the loss of grainioccurring'

at the dxscharge end of his comb1ne. The mon1tor1ng of gra1n-'

G

loss focusses on the clean1ng and separatlng losses since
,they are the most s1gn1f1cant and easy to control Reed et
al. (T968) developed an acoust1c method of detectfhg_graln
lkernels in the comb1ne effluent by means of 1mpacts on a'
‘sensor. Separat1on or. shoe loss. could be 1nd1cated or
mon1tored by plac1ng a 51ngle acoustlc sensor’ pad :’
1mmed1ate1y behind the apparatus concerned. Thls type of
tmon1t0r1ng has been found to ‘be 1naccurate, unrel:able and
wxdely ‘unused, even by the farmers who own a systg?
(Hu;sman,»1983) In order to accurately measure the loss>
’occurringfvhile harvesting, an improved methodvls,requ1red;
S - . . _

I
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S . 2. s'rnzw WALKER anw LOSS o

| As 1llustrated by F1gures 1. 3(a) and 1. 3(b) ‘the, most i
51gn1f1cant port1on of the total harvester loss 1s the
" separatlon lOSS._ThlS the51s is concerned with the
measurement of separat1on loss for a convent1onal comb1ne

w1th straw walkers. 51m1lar characterlstlcs ex1st for

‘nseparation in axial-flow combxnes,'thus, thevwork 1n thlS

’ s e

the51s may also apply to ax1a1 flow harvesters (Lunty, g
X _

1986) Since walker loss is the, d nt contrlbutor to

total loss, a measure of walker loss g1ves an 1nd1cat1on of -

totar harvester loss. Straw walker 1oss is also ea51est 0

__control,w1th teedrate s a consequence of groundfspeed

2.1 Governyﬁg’Phenomenon

-’

. The straw walkers attempt to separate lodged kernels of
graxn from the associated straw by an osc1llatory act1on.
The oscxllatxon also.moves-the straw reagward wlth the
assistanceiof toothed walker edgesl'Optimum walk%r
osc1llat1on frequency has been found to. bepbetween 190 and
210 RPM for 50mm crank throw,.and ‘about 450 RPM for 75mm
crank throws, with an optrmum Tbarward slope of 8° to 20°'
from the horlzontal under normal operatlng\cond1t1ons (Boyce
et al 1974, Reed et al ‘1972) ngher speeds tend to move: .

the straw mat rearward faster w1th fewer osc111atlons for

separat1on,'result1ng in a poorer separatzng mot1on. The

walker slope determxnes the- speed at wh1ch the straw mat is

Rag
10 .
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. ""‘ ' .

-qaffmovedtrearward w1th lower slopes hav1ng faster movement.f“ o

'f?w The optlmum angle and‘RPM results 1n an optlmum amount of_”

) graan and straw on the walkers at any one tlme and thus

4.

.~
max1m1zes the separator eff1c1ency The overall length of

5

the walker also detefm1nes eff1c1ency, wlth a longer walker‘

' ultlmataly sav1ng more graln. :

)

g
Y "l.'

Separatlon cutves for straw walkers were obta1ned by

-

Reed et al (1979) and Boyce et 27 (1974) The latter

x

‘"'ﬁ'showed that max1mum separation occurred at about one th1rd

I

| of the way along the walker due to the fact that not all of
1t-the crop was 1n contact w1th the walkers unt1l completely
.slowed down by the first curta1n (F1gure 1 1) The graln h
3‘.fseparat10n then fell off rap1dly in an exponentlally 8
V"decay1ng fash1ona\The former developed an equatlon to
fndescrxbe a gra1n rema1n1ng éurve'" N | '
r

k:‘where. G'°- gra1n rema1n1ng on the walkers (kg)
' = grain applied onté the walkers (kg),
: L = length of the walkers (m), and :

b= constant, (attenuatzon coeff1c1ent Wang, 1984).

Reed et al (1970) went on to descrlbe a walker"'

V:{ half 1ength 51m1lar to a half llfe of a. radloagtlve decay,“

~ in order to descrlbe the walker eff1c1ency. The half length

o

- ?‘T-

Gl -(Sexp( bL) p?‘ '“’f""»ﬂ‘f %f _ 'ffrf | '2t1jl.

fdescrfhed the length of a walker that would separate exactly-"

one-half of applled gra1n. Typ1cal separatlon data acc’

' r.to Boyce et al (1974) are shown 1n F1gure 2 1 as a -

.o

n”separatlon curve, wh1le a graln rema1n1ng curve 1s shown 1n :

.I1gure 2. 2 for the same data The data 1s g1ven 1n Append1x

-LII, Table.14.1 Unxts for th%@separatlon curve are percent
o _ &

_vg~, L : R 9 .
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of total graln separated per metre. of walker length versus
' d1stance along the walkers. The gra1n rema1n1ng curve ‘is an

. 1ntegrat1on of the separatlon curve, hence the un1ts are

: percent of total versus d1stance along walker, w1th the

value of gra1n rema1n1ng at the end of ‘the: walker be1ng the'
percentage of walker loss. The graln rema1n1ng curve,;':.V o_
obtalned from Boyce et aI 1974 1s of the general shape

descrlbed by Reed et al (1970) w1th values of G

L = 2. 745 metres,"and b 1. 52 belngvdeterm1ned from7?#5

‘ .least squares regrﬁ§S1on. The regre551on gave an R2 of

-

,would bev——+ﬂ

{
''0.978. The f1rst t

separatlon curve dlfferent from the other polnts. thtle‘

' separat1on occurs unt11 the-straw is: slowed down by the.

f1rst curtaln and full contact is made w1th straw walker.-

Consequently, the fvrst two p01gts were 1gnored when f1tt1ng _

the exponent1ally‘decay1ngtcurve to the graln rema1n1ng

,‘“'curve. Therefore, the equat1on after Reeé.et al. (1970),

C . : &

G, = 80. 63 exp(-1. szx) e 2.2

r

R where- X = d1stance along walker (m)

The equatlon 1s valld for x between 0 60 and 2 745 m. The-,-”"
establ1shment of the gra1n rema1n1ng curve on an: operat1ng

harvester would be d1ff1cult s1nce the amount of graln'
\ ;

| - appl1ed to the straw walkers would be unknown.

Gregory and Fedler (1986) developed an equatlon for o
predxctlng gra1n separatlon on straw walkers based on F1ck s-

Law of D1%fu51on and the fractlon of open space in the straw

points represent a port1on of the -:f‘%‘“‘



mat. - :
o : LT S AY - :
G, = ‘Gi_exp(-(bv;wsmg/M_)(L,/L'd))L* e 2.3
- where: - . G, = f1nal mass of gra1n on. walker (kg),
. .G, = initial mass of grain.on waltker" (kg) A :
" b = constant, varies w1th gra1n size and v1brat10n
. energy,
v, = average velocity over length L ‘in d1rect1on
"of interest,
L, = average length of open space in ‘material (m),
Binog = bulk dens1ty of mater1al other: than gra1n . f'
- - A{kg/m), - "
M"=<rate of flow of mater1a1 other than grain
.o (kg/s),
'L.= 1ength 'of walkers (m), and
L, = length of diffusion’ (m).
- :

ThlS thes1s w1ll be concerned wlth the separatlon
— curves obta1ned by the measurement of actual separat1on

.rates along the walker.'

2 2 Factors Affectxng Walker Loss and Separat:on Curves

The most 1mportant factor affectlng losses 1s feedrate

(Reed et aI 1968).,The relat1onsh1p has been 1llustrated 1ne

F1gures 1. 3(a) and 1. 3(b) with the harvester losses as a.

funct1on of feedrate.:The mo1sture COntent of both gra1n and o

: straw also affect losses. The threshlng eff1c1ency of the

' cyllnder is reduced at h1gh mozsture content thus

' 1ncrea81ng the load ‘on the straw walkers. Also gra1n is not-

a
eas1ly shaken £rom a mat of wet straw due to the 1ncreased '

dens1ty and h1gher effect1ve cq\§f1c1ent of 1nternal v
E 4 .
' fr1ct1on between gra1n and s€raw. In barley, if the materlal

ltls extremely dry, br1d§1ng of grg;n and awns dué_&P stat1V

dr

eiectr1c1ty may prevent graln from be1nq shaken through the

i



The losses over the straw walkers also are affected by
”;the ratlo of M 0 G to gra1n, 51nce a tthk straw mat with
graln dxspersed throughout does not. promote eff1c1ent .
'l‘separat1on (Reed et al 1970) A thrck straw mat is not
.'ag1tated suff1c1ent1y, espec1ally at the top sun@ace, to

f1nduce the kernels to fall through A thin straw mat offers'g»

a less res1stance to separat1on w1th an 1ncreased opportun1ty1

'_for gra1n to separate from greater ag1tat10n and more- space33
to fall through (Gregory and Fedler, 1986)

Straw length affects separat1on w1th the tendency of
long straw to behave as a contxnuous mat preventlng'fdequate
'bseparatxon (Reed et al 1970) Shorte traw. enables the
gra1n to ‘be shaken out effect1vely The or1entat1on’of'crop
: mater1a1 when enterlng the harvester 1nfluences the loadlng

.characterxst1cs onathe straw walkers (Reed et al. 1968 |
'1970) ‘An - ‘uneven d1strrbut1on of heads in the swath
l_commonly conqentrated e1ther to one s1de or. “the center,_

tends to overload parts of the walker system w1thout
K

"‘ut111zlng the rema1nder~to full capacrty A 51m11ar

e

nonun1£orm1ty of walker load1ng occurs when operat1ng on
-hlllsldes, the lower s1de belng overloaded and the h1gher'
';51de under capacrty. L | ‘
A common contr1but1on to loss over strawlwalkersvls"
operator error. If an 1mproper cyllnder/concave adjustment‘

h1s made, the walkers may become overloaded because of poor

'separat1on at the concave. A compromlse must be reached '
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: eff1c1ency (Leflufy and Stone, 1983)

-[2 3 Measurement of Walker Loss

Q(\ o "/"

'fbetween thresh1ng capaC1ty and crop damage 1n order to

"lopt1m1ze the:thresh1ng un1t..Also, operators may run the

harvester at under- or over capac1ty and thus, lower

Theéseparatlon curven1s also affected EX the presence

and pos1t10n1ng of walker curta1ns wh1ch slow down the crop

dmater1a1 to keep the straw mat in contact wlth the walkers.

Boyce et‘al (1974) conducted f1eld tests to deEerm1ne the

1nf1uence of curta1ns on the separat1on curve. The"
iy
conclu510n was made that curtalns, espec1ally the front set
!/

'are cr1t1ca1 to adeguate separat1on.

Currently, measurement of walker loss 15 attempted by

;'plac1ngva 51ngle gra1n loss sensor ‘at the dlscharge end of

the stfa"w valker. Hui sman- (1983) has proposed a method of

meaSUring walker loss by measur1ng the separatlon rates g

-along the entire walker length Walker loss subsequently can o

_be obtalned from the separatlon curve. The gra1n rema1n1ng

curve,'as 1n Flgure 2 2, glves the amount of gra1n loss by

’~the value at the end of the walker. That is, the gra1n

rema1n1ng in the straw once’ the straw has left the walker

.assembly is cons1dered as loss. ThlS approach seems s1mple
’-except for the fact that on a cont1nuous measurement system,
;the initial value o&ngra1n onto the walker (G,) would not be
:known from the separatlon data alone. Knowzng G would be

"cr1t1ca1 1n that th1s parameter p051t10ns the curve w1th

.‘v‘v :



‘f;‘respect to the vert1cal axis and ult1mately determrnes the

. value of gra1n loss; An error 1n est1mat1ng G, would result"

in suhstant1a1 m1srepresentat10n of the loss acfhally N

AT

~cccurrﬁng | |
o The separatlon curve obta1ned solely from separat1on'.u
data can be used for the calcuIatlon of end loss. By
1ntegrat1ng under a separatlon curve w1th respect to
'-"d1stance along the walker from: the d1scharge end. to‘
‘1nf1n1ty, the value of gra1n loss is obtalned (Lunty, 1986)
<’Th1s 1ntegrat1on ‘can be accompllshed only by first obta1n1ng
;"a curve that accurately extrapolates the separatlon data
s,beyond the walker length The - extrapolatlon zs best |
:accomp11shed by an exponentxal type decay. Ignoring the
hfxrst two data po1nts, ment1oned prev1ously, the data used
"r_to generate F1gure 2. 2 were f1tted to an exponent1al

}=equat10n of the follow1ng form-

M_S = A exp(BX) ' gf.’”_' o L  ).:: “’-2,4 L

'Vhereﬁ”sb = separat1on rate (% of total/m)

A ‘= constant (%/m) '
‘B = constan elated to sharpness of decay, and

X e—dtstance‘@ 09 walker (m)._

The least squares regre551on was.

s;vz 113,83 exp( 1.538) - [R=0.729] - 2.5

’To calculate loss from the walkers, S;’iseintegrated‘from_'__

‘the end of the walkers to 1nf1n1ty.p i
§ L = I-S - i

[V ) oL K . . L e e

= 7 A exp(BX)dx

.«



_ —(exp(B*Q» exp(BL))A/B

-exp(BL)A/B S 2.

walker- loss (%), and - R P - ~

",w'her'e-:'-Lv
o length of walker (2. 745 m. for these data)

e

In this case the walker loss vas éé'itdiated to be 1 "142- |
whlch d1ffers from the f1gure for measured walker loss,_ |
'(1 30%) by Oﬁﬁ6% Of courée:'lf the number of data p01nts
4con51dered was reduced the f1t would be better (R2 of 0 870'1'd
"and 0. 913»1f three and four po1nts were 1gnored

' respectzvely), but the trend of the data would not be

- :(; » ,,
utxllzed fully in the fitted equatlons and thus the accuracy :

of loss calculatlon would be. poorer. The d1fference of 0. 16%
can be attrlbuted.to a number of cond1t1ons present in the'
'partlcular c1rcumstances of the data acqu1sxt1on.

The 1nf1uence of the rear curta1n on the separat1on R

o curve is 1llustrated by the sl1ght 'bump ,1n the curve at

} about 2 0 metres along the walker as shown 1n Flgure 2. 2

" The separat1on charaterlstlcs are affected 51gn1f1cantly at B

th1s po1nt and " would tend to 1ntroduce error in the’ |
calculat1on. ThlS shows, also, that relylng on the end :
-'separat1on rate for 1oss measurement would not be as
iaccurate as 1nc1ud1ng data from the whole walker length
The data gatherlng method ut1l1zed very large sampllng
areas (0 305 metres * walker w1dth) makxng the average -
a“separatlon rate calculated for each area 1n p0351b1e error -

"w1th that separat1on rate actually occurrlng at the centerf

- -
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of the area The accuracy would have been better if p01nt
4 separatlon rates were used rather than collect1on tray ‘

averages. Consequently, a method of po1nt separatlon rate
'measurement seemed to offer a. better ba51s for the real t1me
v'calculatlon of'éalkerllosses.

SN

(N

*.2.§'1 ﬁeasurement df'walker loss‘mithfendeplaced sensors

| By placlng sensors only at the end of the walkers the
entare separat1on curve is approx1mated by the end
"separat1on. Lunty (1986) showed the problems encountered
w1th such an arrangement by compar1ng two substantlally o
dlfferent loss s1tuatlons w1th .the same end separat1on,rate
(F1gure 2 3) The end separatlon rates are 1dent1cal in the'
f1gure) yet the overall separat1on curves are not.
Consequently, the losses 1llustrated in each case‘?re in

fact d1fferent, wlth 1dent}cal end separat1on rates.:

Current graln loss mon1tors g1ve ‘an 1nd1catlon of loss

- but do not quantlfy the loss in real units.. The usual method

for use of gra1n 1oss mon1tors is to cal1brate them so that
a glven level of loss results in a correspond1ng meter'
read1ng.lTh15 callbrat1on 1nvolves operat1ng the comb1ne o
whlle collectlng effluent as well as a meter readlng,
requ1r1ng -a ca11brat10n crew. of approxlmately flfteen people‘
(wOod and Kef?—'1980) Even after callbratxon, the 1055»
mon1tors merely 1nd1cate ‘a’ presence of loss W1thout g1v1ng a

read1ng of actual loss (Gullacher and Smith, 1979). The

callbrat1on so performed is va11d only for the t1me tnd

[
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condltlons of calzbrat1on, with changes'1n crop and f1eld
1rregular1t1es affectlng the accuracy of callbratlon. As a'
-‘“consequence, frequent ca11brat1ons would be necessary but
"are very seldom performed in a harvest s1tuat1on. As a
result, the monltor becomes 1nacurate and unre11ab1e and is

often 1gnored. : o -;f_ﬂp i '... _ .;' SR .]f N

2.3.2 Heasurement of the separation curve ': s
A method has been suggested by Hu1sman (1983) and
‘attempted\by Lunty (1986) where the separat1on rate curve is

measured w1th mult1ple sensors along the walker length. f?

sSeveral p01nt separatlons are measured creat1ng a
~separat1on curve from wh1ch the walker loss can be
- calculated.
An approach to determlne placement of ° sensors.was %

'soughtzyh1ch would gzve an adequate amount of 1nformat1on
._togeth%r w1th ease and 51mpl1c1ty of loss calculat1on and
”data proce551ng. Thus, the walker was laterally d1v1ded 1nto
four quarters with a&iﬁnso? s1tuated at the rear end of each

quarter below the open grate . of the walker surface. Th1s

: d1str1but1on of senso?s would- give an adequate

| representatlon of'the exponentlally decay1ng.portion of the
nseparatlon curve as well as the end separatlon. Loss

‘calculatlons could then proceed as for the data evaluated in
_secthn 2.1 us1ng four‘p01nt—separat§onvrates; ’ ;
. . (3 g . .. s ) R .

ne

oo . . o . . . . ®
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._42['.4’ obje.cti,ves;- " o T |

The objectives'of”this Studv”weresto create a sYstemv
»whlch would accurately measure loss v1a the separat1on curve..
A’on a conventlonal combzne. Mult:ple sensors beneath the
: straw walkers would be used to measure the separatlon curve.
- An exponentlally decaylng curve would be fitted to the data,"
.and the. 1ntegral of the curve from the end of the valker to
,1nf1n1ty'would yield the gra1n loss. The process would |
involve the development of a system capable of rapld data

'*acqu151t1on under the harsh condltlons of a harvester

.env1ronment -The;sy%tem would be tested in both laboratory

<9nd f1eld cond1t1ons and would be able to prov1de separat1on:'.

e data for the calculat1on of walker loss.#

The sensor 51gna1 used to detect gra1n 1mpacts, would

£

. be 1nvest1gated both in analog and d1g1ta1 techn1ques for

.}'1

the purpose of. adoptxng an adequate system for 1mpact
detect1on by a mlcroprocessor: The sensor propertles wo&ld
be stud1ed to determlne the best angle of or1entat1on to the
gra1n trajectorxes. The measurement system would be tested
‘to ensure little 1nfluence from chaff and straw.a

_ The objectlve of the laboratory tests ‘was to determ1ne
the ablllty of the‘sensor systempto measure;graln contact1ng
':.the sensor, and ultimately.measure,the'separationicurves_ln
hopes of calculating a‘loss.‘} .__‘ o X

The field test‘pbject1ves were to obtazn a worklng

system on an actual harvester that could measure the
‘ -separat;on curves and also result ‘in a loss calculatlon. The

i



system should not be affected by change in harvestlng

*cond1t10ns s1nce the.entlre separatlon curve would be,

fmeasured for all cond1t10ns. v f'vl

N
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3. AVAILABLE M'E'x'nons FOR 'Mom'ronmc G’m\m' LOSS
ST
A8
Many companles sell gra1n loss mon1tor1ng equ1pment

"Some manufacture harvesters and supply monltors usually madeh

-;be others as extra equlpment Others ane 1ndependent

manufacturers, sell1ng d1rectly to' farmers. Regardless of

. i

_whlch systeﬁ is con51dered all exh1b1t a s1m11ar overall

) strategy and ut1l1se acoustlc sensors.

'3 1 Sensors

There are several shapes of transducers suggestedvbyj .

r;Reed (1978) wh1ch may. - be mounted 1n spec1f1c 10cat1ons.on
'the harvester Three types of . sensors are categorxzed- pady a
- full w1dth and longitudinal types, w1th the pad type be1ng

"most common. All types of these sensors work on the same

pr1nc1p1e of acoust1cally detecting an 1mpulse when

I'd

Aycontacted by a p;ytlcle. The surface of the sensor, or

‘fsoundlng board Lis a durable surface to which a

piezoelectr1c crystal is attatched (Reed et al 1968)> fhis

_ crystal has the property of generat1ng an. electrlc potent1a1

Q) \mhen subjected to a mechanlcal stra1n. ‘The’ sensor 1s

51tua$ed to 1ntercept kernels of graln being lost, wh1ch

contact the surface caUS1ng minute stralns in the crystal

a

and,consequently a traln of electrlcal pulses. A 51ngle

.kernel impact on a: sgnsor would exhibit a typ1ca1 :

fundamental 51gna1 as shown in F1gure 3 1 (Gullacher and

'rSmlth 1979).
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Two charaCteristics.of’the fundamentai signal are thé.r
'hamp11tude of the 1n1t1al pulse and the frequency of

_osc111atlon. The electr1c,potent1al generated by the crystal?

‘-'1s approx1mately in. proport1on to the t1me rate of - energy

‘.‘1mpartat10n by the 1mpact1ng partlcle (Reed et al 1968).

fThe tékal energy 1mparted is 1nfluenced by the hardness,

-mass and veloc1ty of the part1cle. The conservatlon of

energy for a. colllslon 1n an 1ne1ast1c s1tuatxon assum1ng
\

',that one" object is 1mmoveable is gzven by.

KE Before Impact “KE After Impact + Impact Energy 3 1

Impact Energy = (v -vz)M/z Jo IR _;3.2

s ,where KE = k1net1c energy (J) ) "‘~3‘

M = mass of the partlcle (kg) SR .
‘v, = velocity component perpendlcular to the sensor
. % surface before impact (m/s), and
v, = velocity component perpendicular to the sensor
surface after impact (m/s).

'The t1me rate of energy 1mpartat1on 1s obtazned by tak1ng

“the der1vat1ve of the 1mpact energy thh respect to tlme.

. Tlme Rate of . Energy Impartat1on ,<§ ((v? —vz)M/Z) 3 3'
L , -at o , '

From this analys1s, one can ea51ly see that mass. and

'veloczty of the part1cle strongly 1n£1uence the t1me\aate of°

lsyenergy 1mpartat1bn. The hardness of the partlcle determlnes -

:"the durat1on of the 1mpact and thus 1nfluences the rate of |
energy transfer. A hard partlcle will have a short durat1on d
'1mpact, yleldlng a h1gh ampl1tude,lh1gh frequency s1gna1 A
._1arge partlcle would create a h1gh qmplltude 1mpulse of long

durat1on. A h1gh veloclty would create a. 1arger deformat1on

'_.:of the sensor surface and thus produce a h1gh amplltude



'hvj51gnal of long- durat1on. In a grav1tx~1nduced fall of a
"lpartlcle onto the sensor surface the he1ght of drop would
r_1nf1uence the veloc1ty of 1mpact. After the 1mpact, the\'\-u

-sensor surface v1brates, produc1ng the S1gna1 form shown in

\'i'F1gure 3 1 The v1brat1on gradually decays due to frlctlon :
”:1n the soundlng board materlal and eventually dies out——%t‘
. is not clear why the resonant frequencg would not be the

'same regardless of partlcle 1mpact type. A typ1cal gra1n_g

;‘51gnal lasts for about 7.5 m1111seconds w1th an 1n1t1al

"-ampl1tude of less than Qne volt.

>v3 2 Mon1tor Operatxon

' Current gra1n loss mont1ors employ a number of ‘
dszerent techn1ques for analyz1ng the fundamental s1gnal
hfrom the graln loss sensor. The mon1tor evaluates the 51gnal
cidto determ1ne when a part1cle.of 1nterest has struck the

sensor. Evaluatlon methods 1nclude dlscr1m1nat1on of

partxcles that are non-grain by the ampl1tude of 1mpact

—

dbs1gnals and/or analys1s of character1st1c frequency groups
‘l:(Gullacher and Smith, 1979).-The frequency_analy51s is
,hpr1mar1ly effect1ve 1n small seed crops such as canola,
1where the gross phy51cal propertles of the seeds and .
_non segds only differ sl1ghtly (Gullacher and Sm1th 'T97951l'
| ~ For every detect1on of a graln kernel 1mpact, a’ square

voltage lse is generated and processed by a

freque o- voltage converter that converts a tra1n of such

g-pulses to a d1rect current potentlal proportlonal to the'

e



*f‘dz"y..‘ : : . .
frequency of 1mpacts. The voltage is dlsplayed w1th an\ o ff

/

: analog meter, prov1d1ng the operator w1th 1nformat1on/
et ‘» o v

concern1ng loss Adjustments are avallable for callbzat1on,:i
sensxt1v1ty of d1scr1m1nat1on and for. the selectlo_ of wh1ch

2 _._.v.—_

sensors to enable. SOme monxtors employ ground sp ed sensors
. 3 '_L
in order to relate the loss read1ngs to area of ground

-

covered

- 3.3 L1m1tatons¢of Monxtor Accuracy -

Undar cond1t10ns of h1gh 1mpact rates, kernel pulses “v.
tend to OVerlap elther partly or wholly,“and the mon1tors :
‘are’ not able to d1st1ngu1sh between them The monxtor
becomes saturated and, consequently, does not 1nd1cate the .

full exteht . of the 1mpact losses (Gullacher and Sm1th 1979h
: wOod'and Kerr, 1980) Mon1tors attempt to account for th1s

— - - : 4

Saturatlon by employlng compensat1on in the form of
o .electron1c c1rcu1try or by f1tt1ng the meter w1th a -

| non- linear scale (Gullacher and Smxth 19?9) A typxcal |
representatxon of saturatlon effects 1s g1ven 1n F1gure 3. 2
The saturatlon 1s pr1mar11y due to the phys1ca1 constralntsy
of the sensor/kernel 1mpact. The time between the

| overlapp1ng 1mpacts is too short to allow the monator to

: dlStlgUlSh between them. - ‘

Even when a mon1tor has been ca11brated to a »'
| manufacturer s spec1f1cat10ns, the readlng on the meter may

_ not c01nc1de proport1onally ‘to the actual loss rate of the

harvester. One contr1but1on to thlS dlstort1on, especxally



R , S s v , : . :
'vat h1gh feedrates, 1s the 1naccuracy of measurlng loss only

'3_ by sensors at the d1scharge end of the walkers and shoe. It

.~ . the. separatlon curve ,'as descr1bed§mﬂgsectlon 2.1.
‘ altered slzghtly by changlng cond1t1ons, the mon1tor may be 'f;
£

i

thrown out of ca11brat1on due to a’ change 1n the percentaga '
/

B of effluent sampled (Gulacher and Smlth 1979) Fzgure 3. &

shows a typlcal relatzonshlp between meter réadlng and
-actual harvester loss for a properly cal1brated loss monltor"
1mmedlately after callbrat1on. |

A descrlptlon of the des1gn and testlng of a system to '

measure accurately the walker 16ss from a harvester :

9

accurately u51ng mult1p1e locatlon graln loss sensors‘~~ﬁ(:*
follows. : o | ) |
. FE T T e
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T 4. FUNDAMENTAL SENSOR SIGNAL PROCESSING
A complete system for ut11121ng graln loss sensors 1s

descrlbed 1n the follow1ng sectlon. The gra1n loss sensors '

. used throughout th1s the51s were manufactured by Baker

Eng1neer1ng Enterpr1ses Ltd. (BEE) Edmonton, Alberta, and

s -

“_measured 75 byvlsovmm,-'vlv EEAE o lv»_ .

: 4 1 Adva\tages of a chroprocessor Base._.7

Y mlcroprocessor, along w1th a select complement of
per1phera1 dev1ces, 1s the bra1n of a m1crocomputer system.-
The m1croprocessor can. be programmed to perform functlons

]

and interact thh the out51de world The system 1s able to'”
collect data from sensors, analyze them accord1ng to
programmed 1nstruct1ons and d1sp1ay‘1nformatlon or actlvate :
ontrol dev1ces. A m1croprocessor based graln loss mon1tor
has several advantages over the h1gh1y ded1cated analog ;}
C1rcu1try of current gra;n loss monltors..A m1croproces$or-"
system is flexlble in. operatxon Since the functlon is only y
lxmlted by the creat1v1ty of the programmer. The same -
m1croprocessor system could be used for var1ous functlons on
the machzne (Moller, 1985) or one part of an ex1st1ng g
computer system could be employed speczflcally for loss
analy51s. ' L | | e

' The m1croprocessor system can 1nterpret a large
quant1ty of data 1n a very short txme. Complxcated analyses
may be computed that would be cumbersome to accompllsh u51ng
‘a purely analog system. Several sensors could be mon1tored

4 LY
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§:51multaneously for separatlon curve determlnatlon. Thejf
'inherent 1mmun1ty to electr1calvnols@ of a. d1gltal syssem-p
'dpart1ally e11m1nates the congern of. nozse that would crlpple.J
V{an analog system 1nto unrellab111ty. The mxcroprocessor 7
t‘sy!tem could 'be used on a. harvester and operate under harsh“
lafleld condtlons._‘-‘ " o \
The 1nterrupt feature 1s a valuable tool of the
"mlcroprocessor. An 1nterrupt is caused when an event ' 7”y§
produces a voltage change on . the 1nterrupt 1nput of the
'm1croprocessor. ThlS 1nterrupt tr1ggers the m1cropr8cessor
to jump to the 1nterrupt handlxng rout1ne of the program in
»order to serv1ce4the condltlon..For-example,»an rnterrupt
ncould occur when a gra1n kernel str1kes a sensor,vresu1t1ng.
‘1n a reglster 1ncrementat10n. After the 1nterrupt is.
‘completely serv1ced, the program executaon ieturns to thef
- main operatlng 1nstruct1ons. » ‘
| Another advantage of the m1croprocessor 1s the
.opportun1ty for operator 1nput\v1a a keyboard or sxmple

sw1tches. Several functions or parameters could be 1nserted
e ¥
'such as . w1dth of cut and den51ty of gra1n. ‘The

NN

“,m1croprocessor system excels in versat111ty alone.

‘

l4 1 1 Descr1pt1on of chosen mxcroprocessor system

- A spec1f1c system was chosen based on the Motorola 6802

'j jm1cropro¢essor (Motorola Sem1conductor Products Inc.,

7Aust1n, Texas) The mlcroprocessor was the’ braln of an

' MEK6802D 5 mlcrocomputer evaluat1on board The c1rcu1t '



leagram of the mlcroprocessor evaluatlon board can be found
'? 1n Motorola, Inc. (1980) The c1rcu1t dlagram of add1t10na1
components can be. found 1n Appendlx I F1gure.12 1- Several
ffeatures and’adaptatlons of the system .are. d1scussed below.v,"
.', The system had appropr1ate complementary components,‘
i1nc1ud1ng a per1phera1 1nterface adapter (PIA) and an’
(f-asynchronous Commun1catzons 1nterface adapter (ACIA)
'\enab11ng b1d1rect1onal communlcatlon w1th)thesout51de world.

‘Also, data could be entered via a hexadec1ma1 keyboard underf

<

user control A six dzg1t seven segment %}ght em1tt1ng d1ode_
'(LED) d1splay was used to exam1ne the system s operatlon

"~w1thout the need of an expen51ve log1c analyzer. The system

‘.

lﬂfwas easzly programmed in assembly langua e w1th an assembler"
| % +

;gavaxlable on the MTS. comput1n9 system at the Un1vers1ty of
Alberta (Motorola‘MGSOO Cross Assembler, Ré?ease W.1

Motorola Inc., Aust1n, Texas,'1974) The assembly language
‘1s-wr1tten in mnemon1cs, w1é% the assemb;er convert1ng the'a

-

.,mnemon1c commands 1nto hexadec1mal format for usd by the

L mxcroprogﬁssor. The system also-1nc1uded cassétte audio.

f'\tape 1nterface (300 Baud Kansas Clty Stavdard) wh1ch

: _allowed for the transfer of hexadec1mal 1nformat10n from
.~t'memory to. tape and vice'veﬁsa Also, the system allowed for
f\*substant1al access to memory 1ocat1ons for the addltlon of
'"iextra per1phera1 dev1ces needed from t1me to tlme. The

','system was compact enablxng use in a conflned space such as'

£

an Operator enclosure. ' S R, A



Several changes or add1tlons were made to the standard

dMEK6802D 5. An RS 232 C port was 1mplemented on the board to
-]

--enable commun1cat1on with hlgher order computers,-the;j~"'

'riUnlver51ty of Alberta‘J,malnframe computer in the Department

- of Computlng Serv1ces, and. aanBM personal computer. The ﬂ
' former prov1ded assembled versxons of wrltten programs wh11eﬂ
the latter could send as well as recelve data. Llst1ngs of

E the commun1cat1on programs appear in. Append1x I? section

- . <
13.1. .

On board random access memory (RAM) was supplemented

. w1th add1t1onal RAM to house lengthy programs from t1me to

,time. Total RAM was 3K*8b1t and user programmable ROM was

- 2K*8b1t in the altered m1croprocessor system A power supply

771‘w1th voltage regulat10n and current protectlon was used wh%?

'fﬁoperat1ng the system from a harvester s cigar 11ghter
”'.outlet Voltage regulat1on was accompl1shed w1th a 780%
voltage regulator pasted to a 1arge heat s1nk in. order to ~
;_d1551pate the excess enerﬁ? at ‘a max imum of 1 2 amperes and

,_8 0 volts dlrect current.’

o

o

4 2 D1gxtal ngnal Processxng

Ut111z1ng the speed and versat111ty of the

- m1croprocessor system, an, attempt was made to: dlg1t1ze the

.fuﬁgamental sensor 51gnal frﬁm a part1c1e 1mpact in. order to
'-accurately determxne whether the part1c1e was gra1n .or .
unon gra1n. By analys1s o the charadter1st1c freguenc1es and

_'amplltudes of the ‘sensor 51gnals, non gra1n lmpacts could be

-

e
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L
_ disregarded and, thus,hon y the true grain impacts‘would'be

‘ counted Prel1m1nary efforts towards this end showed that
SOftware de51gns, hardware 11m1tat10ns and speed - :'4'!"

'requ1rements were beyond the capab111t1es of the

- C

m1croproces§or system used The system had an e1ght b1t data,
: ~bus and a- slow (3. 579 MHZ) t1m1ng clock"S1nce gra1n 1oss
sensors exh1b1t saturat1on effects above about twenty )
”1mpacts per second, and based»on the-requ1rement of at least“f

four gra1n loss ‘sensors 1mauseo elghty 1mpacts per second '\f
\would be the upper limit. Each 1mpact 51gnal would last R

N

is left only 340 ms per secong for the

‘aizut ezght.ms,

processing of thes. data, to calculate the loss’ and to

"execute the dlsplay out1ne. Thxs approach could only be
;accomplxshed w1th'a more advanced system than~the system S
‘fchosen. The descrlptlon of a system thch dxgltlzes the .

b'-.fundamental sensor szgnal is found ‘in Appendlx v

¢

;( 3 Analog 51gnal Processxng bl:. - . yll‘
| ' Due to the complexlty 1nvolved and lack of proce551ng.ﬁ‘
'”ab111ty of the ava1lable m1croprocessor system, a 51mp1er
‘analog based system conjunct thh the m1croprocessor sys em‘
. was developed The part1cle dlscr1m1natlon was accompllshed
'us1ng mostly analog electron1é§ w1th data be1ng processed by
 the m:croprocossor._' | _ v
As fn the dlgxtal process1ng descrlbed 1n Appendlx V %.
1the fundamental signal from the sensor was the starting"

'p01nt for processxng.'Several stages of s1gnal cond1tlon1ng



Y

'signal would'Just cause slamm1ng of the amp11f1er.

frh@ﬁbncﬁés@
3 ) :

_of about 5. A rectlfylng d1ode was- placed in the c1rcu1t

PR

‘were utilized to extract'only'impacts causedfby grain'and to -
f1nterface the analog based circuits w1th the mxcrocomputer. -
fThe c1rcu1t dlagram of the system to be descrlbed is shown

“in Appendlx I, Flgure 12 3 w1th the block dxagram shown' in.

Flgure 4 1. o ! R N

The fundamental sensor s1gnal was’ of small ampl1tude

{and able. to source 11ttle current therefore, a voltage

follower w1th ga1n (1/4 - LM324 QUad oa;rat1onal amp11f<et)

En

, was used to amp11fy the signal and at the same txme,,
- provide current for the rema1nder of the c1rcu1t The

.amp11f1catlon was adjusted SO that any expected sensor-Vﬁ’;

t
' The next stage of cond1t1on1ng was frequency

‘descrlmlnatlon. From osc1lloscope measurements, he domznant'

r\':

' characterlst1c frequency of a barley 1mpactvwas bout 3000
- Hz. Barley was chosen as the gra1n of 1nterest ecause of

' the avazlab111ty of test materlals 2s werf‘as t cont1nue

the work of Lunty (4986) Alsou barley is more 1ff1cult to

'!«). i

' d1scr1m1nate from non-grain’ contam1nants because of the .
" poxnted' shape and somewhat soft cover1ng. In order to

'concentrate only on the domxnant fre uency, a second order,
| ;Y 9

active bandpggs fllter was 1mp1emented to attenuate the low
s .

,gross machlne movements, 1mpacts of straw and

o

. #
othpr cq&thmeéhts and the h1gh frequenc1es of machlne
P}

v1brat1ons and electr1cal n01se. A narrow band of acceptab&e“

fr‘equencxes}z were passed by the fllter wh1ch had a Q—factor

\.1'

3

. PR !
i - . . : Y .,nf‘ Loty
. . eyt T L
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"ﬁsllowing:the filter_to izlow only the p051t1ve 51de o£ the L
. N .
--flltered 51gnal to procee —— L ,'. R ' N,’.'5

If a signal of s1zeab1e amplltude passed the £1lter, a,

‘:_grarna1mpact was assumed to have’ occurred 51nce the

f'frequency was allowable and the 51gnal was adequately strong,

strength of

for a gra1n part1cle to have caused the 51gnal ‘Since some'

0

‘non- graln partlcles may create 1mpacts of the correct

_frequency, dlscrlmlnatlon on the bas1s of ampl1tude or

3

151gna1 was carr1ed out Laboratory exper1ments

_ determlned the correct adjustment of . the- comparator (/4

LM324 quad operat1ona1 ampllfler)'whlch would grve a +5.0

volt output 1f the 1nput voltage was above that for an

3

acceptable kernel 1mpact. Several s1ngle kernel 1mpacts were'

' studled with a minimum drop he1ght of 4 cént1metres, the'

»

_'he1ght assumed for the development of sufflclenﬁ speed for a

 was adjusted to act when the voltage’ l veat,ﬁ&"' z

g trlggered on the f1rst rls1ng edge of the 51gnal from the

m1n1mum 1mpact energy expected in practi&e. Theo
“\jl,;'

smpator

a droprhe1ght of . less than 2 centlmetres.fb‘

N

attalned at th1s po1nt would be 51m1lar ;n shape o Plate

"In order to7obtain»a single'pulse‘for a sinéle kernel,

a monostable, conflgured from a 555 t1mer module, was

3_comparator. The t1mer vas connected to appropr1ate

per1pheral t1m1ng components to yleld a posxt1ve pulse for

the durat1on of a typlcal kernel 1mpact of about 7. 5

. m1111seconds._The maxlmum duratzon of a maxlmum energy

Q."



djlmpact was assumed to be always less than th1s t1me hence,-

.ﬁ»the system would never count a 51ngle 1mpact as two 1mpacts.’f

‘However, should two 1mpacts occur less than 7 5 m1111seconds;' '

.

lapart, enough of the second 1mpact£§1gnal would remaln to

y.next sect1on on system tests.'

[

‘ii:dellvef two pulses for two kernels (Flgure 4. 2) If several jt&4;
lgkernels fell at exactlx the same t1me, the count would i
Jhlikely be less than expected as explalned 1n sect1on 3.3
i,when deallng w1th saturat1on effects. The probablllty of two j
'Tior more 1mpacts occurlng close enough to reglster only Qne
h,1mpact pulse 1s small 1f -a suff1c1ently small area, of the ‘f
:{_separatlon area 1s sampled as. suggested 1n sectlon 2 3 | ;J;

'fIllustrat1ons of saturatlon effects are dealt w1th in the -

The monostable pulses from the t1mer module are -

representat1ons of S&ngle kernel 1mpacts, but were not

.‘°d1rectly compatxble w1th the mlcroprocessor 1nterrupt
jsystem. The mlcroprocessor system requ1res very short
“:"duratlon negatlve pu15es (about 1‘- 3 m1croseconds)

:obtaln thls pulse on the r151ng edge of the monostable 'f“‘“:k

“5pulse, an 1nverter was used 1n ‘a half-monostable

;uconflguratlon. The duratlon of the pulse used was glven byl

the RC t1m1ng c1rcu1t and was, about 2 2 us wh1ch was

J_.adeguate;for'1nte€rupt pu:poses. Af_i‘ff _ p—,‘"“ A _; :

-
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i -,pln. The system would then be 1nterrupted every t1mea¢‘m

; I ..: ‘ ;‘ '1 ’_v-_/-_“A .‘. ,» o v_ 41 .

SR S - 5 SRR A&.,-‘.‘ S 3
'4 4 Analog S1gna1 Process;ng Tests:x;,f}j,*ffg:-:‘ o

Several tests were carrled out u51ng the system
descr1bed 1n sectlon‘4 3 connected to‘the m1croprocessor
,’fsyStem~as descr1bed in sectlon 4, 1 Q These tests 1nvolved’

\

:two ba51c areas, 51ngle and mu1t1ple sensors, w;th tbe

i..majorlty of tests be1ng carr1ed out on’ the szngle sensors.if':“

A\ 4

'iEmpha51s was. placed on the con51derat1on of mouht1ng angle E

and locat1on of’ 1mpact on the sensor surface. The 51ngle "
sensor tests employed one program throughout (Appendxx II

”Sectlon 13 3) whlle the multlple sensor tests 1nvolved a

'greater amount of hardware and software. f'yt

'4 4.1 51ngle sensor tests :

| The ba51c tests 1nvolved w1th the s1ngle sensor were to

a4

determ1ne the adequacy of the analog cond1tlon1ng conﬁunct
w1th the m1croprocessor when countlng 1mpacts of barley ‘
'.kernels. The short negat1ve pulses as referred to 1n sect1on .

K ,/ i'J

4,3 were connected d1rectly to the m1croprocessor 1nterrupt

kernel 1mpact occurred On every 1mpact a couhter was,:éiiyf
"dj‘f A 9

L ,% ncremented 1n the mlcroprocessor s memory, f L etd _ o

.,.n‘f’ e
The experlments 1nvoved:dropp1ng one hundred ke&nels of

‘vbarley, randomly selecté' ;om.a b1n onto a sensé; pad over -
e wed
t1mes ranging fme*Fwﬁ to 20 seconds This resulted in “'_'

0

=

1mpact rates_Of § to*S? kernels per second The same one




o kernels to fall (F1gure 4, 3(a))_g~

e ,, & .. -,

A v1bratory conveyor was ut111zed to del1ver the graxnaﬁ\l

- 3

‘ ,onto the sensor. The organlzatlo¥ ?f the kernels on the

“ .

:conveyor s tray determ1ned thd for all one hundred ;,L

e t1mesywere measﬁre by

:'a handheld d1g1ta1 stopwatch (yodel XSIIWBﬂ Innovatxve Txme;g

{-‘6,"- T .
e B

',Corporatxon, Carlsbad CA) and represented the tlme,from

-

fall of the f1rst kernel to the last. Consequently,_the,’ﬂ L

'sfrates of 1mpact are averages for the ent1re tpme period

"w1th actual t1me 1ntervals belng greater or less for

o

(IR

tcpnsecutlve kernel 1mpacts.' .
Twenty four tr1als were carr1ed out for each test
'_representang a«‘arge range of 1mpact rates, 1n order to .
- determlne the system s accuracy at d1fferent rates. Seven;
= :dlfferent 1mpact orlentatlons were exam1ned to determxne the
optimum or1entataon of ‘the sensors when attatched to a |
_tharvester. Wang. (1984) suggested that 45° was the preferred
f orlentat1on. The or1entatxons con51dered here consxsted of f}'
three angles of 1mpact, 10° 45° and 80° between the sensor
urface and the d1rectlon of fall Three locatlons of

\

‘: 1mpacts were cons1dered,~top, mlddle and bottom, referr1ng

"to the lateral thlrds of the sensor. Slnce the angle of 10°

-y1e1ded a very small area for gra1n to contact, only one .
r

: locatlon of 1mpact was poss1ble, thereby maklng a total of

. ll

‘,1seven conf1gurat1ons (Flgure 4.4). The seven conf1gurat1on§

-were des1gnated 80T BOM, BOB 45T 45M, 458 and 10M

LI

Another test was performed on the s1ngle sensor

apparatus Graln was m1xed thh chaff and straw partlcles in
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7

S a compos1t10n con51stent w1th that thCh would’be present 1nff

the spac below the str%w walkers of a harvester. The

,

compos1tlon was establ1shed from f1rst hand experlence of'

‘the author. The test was carrled out u51ng the conf1gurat1on -

of 45° and m1dd1e th1rd antlclpatlng that 45° was: the best

attltude, and was 1de2x1f1ed as 4SGSC

Data for the ori

N »

ntation and locatlon of gra1n 1mpacts

.).‘

- k)

for a szngle sensor are g1ven 1n Appendlx 111, Table 14. 2

The data were analyzed w1th the objectlve of obta1n1ng the

. best p0551ble or1entat1on of the ‘sensor
Tvanalys1s uas_carrred out on alL data;to
’equation‘that:descrfbed’the“response of
~4f—system. An equat1on of the form Y =A+
f,v'gave the best f1t of all equat1ons when
3“;counts out of one hundred and X was the
;»hundred kerenels to fall The parameter

14counts-expectedv1f the-tlmeator the one

’,fall approached 1nf1n1ty.,

pad A regre551on
arrlve ‘at an\J -:ja:fﬁi
a 51ngle sensor

B/X con51stent1y ,

Y was;numbers of
time ror‘thehone

'A'is the numberhof‘_‘

hundred,hernels:to;'

R R

Regre551on data for these trlals are g1ven in Table 4 1

'along w1th regress1ons for comb1ned groups of the 45° and

. 80° trlals.
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 Tab1e‘;4:1 Sensor Orlentatlon Test Data Regressxons

'Equatlon Form" Y = A+ B/x R
Y = number of impacts counted, . and
%T-‘tQme for 100 1mpacts to occur. (5)

oM

B “113.7 - -69.16 - . .. 0.875
458 99.1 .~ ' -39,28 " . .-0.700
4sM 7. 112,44 © -63.44° ~  0.793
45T o q02.t . =44.79 0 . 0.876

' 80B - . 105.2 . .- -48.60 Y0462

goM . . 109.1 - -60.92 0.827 °

- 80T 114.7 - -61.95. . 0.629.
45GsC . - . 97.5 C-67.70 .. 0.683 °

. 45GSCW - - =75.65 0.683
CMULT -28.08 . - 0.452

-



The comb1ned groups better emulated the con&1t1ons
J .
expected 1n the fleld The comb1ned grpgps 1nclu§ed bottom” éi

m1ddle\and top Q}ta and were 1dent1f1ed as 45$MT dnd*hGBMT

i'A typ1cal plot of the data for tr1al 45M 1s shown 1n&F1ghre W

| dv4 5 The plots for other tr1als were 51m11ar Ln sh?pe w1th a{
7,Small d1fference 1n the ultxmate values 6f the count. when-

;9

the t1me for one hundred kernels to fall was large. ThlS can

B »

. also be seen by compar1n§ the 'A' parameter for the

'-regressed curves.LOf 1nterest is the comparzson between

o tr1a1 groups wh1ch would represent ant1c1pated cond1tlons 1n
- a fleld test. The grouplngs of all runs 1n each of two |
Q‘angles is shown in Flgure 4. 6. As 1llustrated by the plot,

~

‘:fthe curve of 4SBMT maintalnsoclosest prox1m1ty to the one“
"hundred count level when the t1me‘for fall 1s large._For
. this reason, the 45‘<ﬁngle of 1mpact was chosen as theTrh
‘orlentatlon of best accuﬁégg. o d '} - ?v,,5' | |
o Both the 10° and 80°‘or1entat10n tr1a1s showed an’

art1f1c1ally h1gh number of counts for the same one hundred:'

i

(X

kernels. When the part1cle sensor’ 1nterface was observed

; closely, two un1que phenomena at the 10° or1entat1on were
observed The £1rst one occurred 1f the barley kernel would't
- strlke the sensor and then roll or sllde down the sensor as:o’
shown in F1g&re 4 7(a) The slld1ng or rolllng act1on would.
| tend to draw out the length of the electrjtal lmpulse |
g‘created or cause a second 1mpulse. The somewhat poxnted
‘.'_shape of ths—kernel maFe thlS phenomenon h1gh1y dependent -on

| whlch part of the kernel struck the sensor. The second case,_

. -~
vl .
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- 'Figure 4.7 Phenomena Causing Double Counts.



as shown in Flgure 4, 7(55, occurred uhen the kernel struck

: the top portlon of thesgensorf and becaJse of the low angle

'phenomenon as‘the”10°ttrial "The very small slope wou1d"

el L
N

~ of 1mpact, was not thrown §ar enough away to clear the

AN

bottom portlon,of the _h'ﬂ“'

cause a second impact ‘and ¥ ~',\t;tw'ic;e.

Y

The COmbined.g%éhorientation'displayed;thevsame latter

e

- create a hlgh bounce coverlng very 11ttle hor1zontal

‘.dlstance (F1gure 4. 7(c)) Consequently, the probab1l1ty for.
" the kernel to contact the ‘sensor surface aga1n was h1gher.'
fTr1al 80T had the h1ghest 'A' parameter of all the. go°

_tr1als, show1ng the 1ncreased presence of th1s phenomenon in

creatlng double counts when the top port1on of an angled‘

sensor 1s contacted vf?'" »15

. - . ~ v

In all trlals, 1nclud1ng the 45° trxals, double*counts.

'f'*would occur w1thout any prevent1on d‘ dexectlon by the

- system. The double counts occur when the barley &gﬁﬁﬁl

‘ strlkes the+pad aga{n w1th the 51de‘1F1gure 4 7(d\)

f}strlkes the pad w1th one of the po1nted ends, turns over ‘and

?‘7'

- often as’ two couuts may occur for onggﬂernel one count may"

f:occur for ‘two kernels. Ifrtwo-kegﬁels 1mpacted the sensor

TNy

‘may not be cumulat1ve, in fa

A
Surface.at the same txme,.their 1ntended causal.v1brat1on iy

they may counteract one

v1bratxon such that only one count ‘may reglster. Since no

quantﬁ}lcatlon of these latter two phenomena was made, they

"
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were assumed to ‘be random and act to negate each other due

9

8 to the unpred1ctab111ty of the kernel p051t10n upon 1mpact._

: Therefpre,_for a sample of adequate 51ze, thelr comb1nat1on ’ g

affect;\the count 11ttle._

The chaff and straw when dropped'dhfthehsensor arone, o

produced no counts by the system. The electr1ca1 s1gnals

i o

, created were of@the wrong frequency range or’ had too 11tt1e

:the tr1al of graxn«w1th chaff and straw added only

”as if one hundred kernels were appl1ed. Nh data -for the“ v

.fwe1ghted tr1al 1s g1ven under the 1denvrffcatlon of 45GSCW

' dlstlngﬂished‘by Ehe system.;

energy to command a count. Nonetheless, if the- nodes of the
straw-stalks were to strrke the sensor pad-d1rectly, a countr'
may 0ccur. Other contam1nants such as w1ld o&ts also could

m1m1c the phy51ca1 character1st1cs of gra1n and would not be

counted to ensure that one hundred 1mpacts had o ,ed.‘Forf*

'n1nety-s1x kernels were COllected In ordﬁgﬁgo use the data

acomparat1vely w1th the others, the numbqﬁ; ﬁ?%ounts and the

.»t”‘

w; t1me for. the fall were 1pcreased by thewqpproprxate”amount

LR S mdﬁa

%

3 \;,_,"

v'_gxn Appendlx III Tables 14.2 and 4 1"The weighted data were

&
N o4

then regressed ahd plotted,v

Aogether W1th the 4SBMT curve in -
Q .

Flgure 4.8, The two equataons plotted are sxmllar in shape %

}and magn1tude with no apparent d1fference. The system, |

count1ng only.; the grazn, performed the same in clean gra4n if@

»samples as it woul"'n an’ effluent of graxn, straw and
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4, 4 2 Multxple sensor tests

_,.\' .

c'v

In order to 1mplement the system descr1bed 1n sect1on

. 4 3 1nto ‘a method of measur1ng a separat1on curve, four

'8
.,‘# -

"sensors would have to be mcn tored The ba51c approach was

.rs1m11ar to that wlth one sensor, but 1nvolved mon1tor1ng

four sensors s1mu1taneously. Both hardware and software must

U1ncrease 1n complexlty to accoModate four 1nterrupt sources

’

ffor one 1nterrupt port. In order to. determlne the‘

-

T:]opfglnatlng sensor exper1enc1ng an 1mpact when four are
"connected at’ once, a PIA was used (M6821 Motorola'
'Semlconductors Inc., Aust1n, Texas) The PIA has four

-j:control 11nes (designated as CA1 CA2 CB1 and CBZ)

"i_davazlable as 1nputs for 1nterrupt 51gnals..The partlcular

Wy

‘”;funct1on of these llnes is determ1ned -on program
‘?~1n1t1a112at1on. The funct1on used here was to cause an

'1nterrupt on the mlcroprocessor whenever there was an

.8

‘.1nterrupt on any of the control llnes. When an 1nterrupt

e occurs thls way, the m1croprocessor can poll the reg1sters

.thin the PIA to determ1ne the or1g1n of the 1nterrupt An

?j'appropraate counter then can be 1ncremented. Detalls of thlS

L v

"Qprocess are glven 1n*:he program 11st1ng in Append1x II

\, s

sectlon 13, 4 Sﬁnce each 1nterrupt 51gnal 1s only 2.2 .

Iy

'“Qim1croseconds.1n'durat1on kernel 1mpacts on: dlfferent

1fsensors greater than 2. 2 mlcroseconds apart'would be

fﬁgrecognlzed Compared to the 7 5. m1lllsecond length of each

1mpact, a very small poss1b111ty exlsts for the 51gnals on

a ‘two sensors to overlap. The chances are far greater for;two.'



7‘.,as MULT.r

) t";séyj
ﬂkernels on the same sensor to overlap than for two on ‘ :,'; v
ferent sensors. ' | L .
: The same v1bratory conveyor was’ used to apply barley
'[keznels to the mult1ple sensors as 1n the 51ngle sensor : 4
tests, w1th four paths constructed so that aIl sensors would.*f
l'be contacted by gra1n at’. the same t1me (Fﬁ@%re 4. 3(b)) The'
g 1fme ‘one’ Hundred kernels were applled to- the sensors w1th -an
'-”arb1trary amount to each sensor. The t1me was. recorded as
'hefore, as’ well as the 1nd1v1dual sensor counts. The 'Sensors
.were 51tuated 1n thg‘45M p051t1on wzth the tr1al 1dent1f1ed
The mu1t1ple sensor test was evaluated 1n the same
b'-manner as the s1ngle sensor tests,‘us1ng the total count of_.
'four sensors as .the data The data were regressedland are
jfcompared to 4SBMT in Flgure 4. 9 The curves d1ffer llttle,
herice the system was cons1dered to. operate well accurately_‘

measur1ng the 1mpacts on 1nd1v1dual sensors. The small

id1fférence is attrlbuted to exper1mental error 1n stopvatch

| operatlon and non- unlfor spac1ng of kernel 1mpacts.p'§' )

vyand1v1duaEUsensors. ThlS mu1t1p1e sensor system was adopeedj
'along w1th the 45° orlentatlon as’ the ba51s for further.
'tests in the laboratory and fleld Overall the system

‘ performed well countlng gra1n kernels w1th an accuracy of
’1+10% up to a rate of 35 kernels per second
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hR _%m -rssrrmc; OF uuurxpr‘ssnson SYSTEM |

_;The system‘descrabed prev1ously had an eventual

k) _a”‘ 2 ﬂw_ L

:j{~appl;caglon on an actual harvester ‘in f1e1d ¢ d1t10ns.
.\?rlor to such*an rmplementatlon, gareful laboratory test1ng

of the system S . operat1on u51ng a full scale harvester straw

R

‘ walker system was performed The testlng prov1ded data
bneeded to evaluate performance as well as 1nsxghts 1nto the
method of measur1ng the separatlon curve on the actual '
harvester. A 51m1lar attempt to measure straw walker'

Y 4 separatlon ’aractenstlcs on a laboratory test apparatus

‘ was performed by Lunty (1986) The author modelled the
follow1ng experlment after Lunty (1986) 1n hopes of

expandlng prev1ous work ‘and as’ adgeans of comparlson.

1
Several ob]ectzves were foremost 1n th1s test1ng. Af‘
. v,
'separat1on curve was to be obtalned w1th the developed
*

mxcroprocessor systfm:\The graln contact1ng the sensors

tbeneath the walkers\was to be collected in order to

¥

- correlate the measured counts w1th actual lmpacts. The

fcomputed separat1on curves Were to be compared w1th those
obtamned from’ gra1n collected beneath the ent1re length of
rthe walkers. The measurement system was to be tested to.
\a,determlne if the gra1n actually contactlng the sensors was

‘ ;detected accurately eQdUgh to prov1de data for loss '-f: -

calculat1on. _-vi.' : Wﬁé
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5 1 Descrxptxon of Testxng Apparatus.
' The equ1pment for the laboratory test was located Atfji

't-the'Agrlcultural Engxneerlng Research Fac111ty at the

A', Un1vers1ty of Alberta s Ellerslle farm. The test apparatus

'fcon51sted of a set of straw walkers to wh1ch graln and straw
vwere applled in var1ous amounts in order to collect data
from the result1ng separat1on

. The openrbottomed straw walk?ts (Flgure 5. 1) were a
By

mounted set of three sections from a Massey Ferguson #205
comb1ne. The overall d1mens1ons of each waIker sedt1on ‘was -
v?240 mm- w1de by 2745 ‘mm long, and each had offset crank
throws of 50 mm. The walkers were powered by a 370 w
lelectr1c motor through a chain and sprocket reductlon to .
:vy1eld an. ocs111at1on rate of»195 cycles per mlnute. S1x ”
f3collect1on trays, numbered 1 through 6, were s1tuated
:'. beneath the walkers from front to back with an add1t10nal }_j
tray, numbered 0 located in front of the walkers. Trayg 1A’
'through 6 collected the mater1a1 pa551ng through;the _
, walkersy wh1le the tray numbered. 0 collected thégﬁra1n and
straw that were thrown ahead of the walkers. Dur1ng the ‘
C course of a tr1a1, effluent straw was remové% from the rear ﬁ
: of the walker assembly to prevent. flow 1mped1ment and |
’ d1scharged 1nto a chaff blower wagon. h
Straw throughputs of 35 45, and 55 kg per mlnute were
accompllshed by means of a conveyor belt 15.5 m. “long and 915
mm vide. ‘The conveyor was driven by a 746 w vagxable speed

__motor at approxlmately 0. 34 m/s (1 24 km/h) At th1s speed

ey
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.jThe number of turns of the ad]ust1ng screvs gave an

1nd1catloh*of gra1n dellvery rate. Four gra1n rates were

wwalkers and closed after 45 seconds had elapsed,'

'~sensor placement was chosen S0 that the separatlon curve '

58

,]the straw was carried by the walkers w1th no congest1on or

"‘spar51ty. The duratlon of a run was 45 seconds. A 1arge',f..x

wooden box suspended by a sprxng scale attached to a

:gmoveable crane allowed easy. welght measurement of straw for -

+

each tr1al The straw was spread unlformly along the wxdth

RN

'band length of . the conveyor.
'}ﬁl; Gra1n was, applled to the straw enterlng the straw

g walker assembly by a grav1ty flow hopper (Flgure 5 2).’The

‘

h‘ gate of the graln dellvery box was ad}uétmented by means of.

"a screw and stop Varlous placements of the screw ad]ustment

gave gate open1ngs dellverlng d1fferent amounts of graln. '

|

n

\w‘

‘used 1n the exper1ment 15 20,’35.and-30 kg per m;nute,-
";wh1ch corresponded to 3.2, 3‘6 4.2, and‘5 2 turns.open"

'respectlvely. The callbrat1on curve for the hopper is shown~

in’ Flgure 5. 3 The hopper was f1lleé\w}th 40 kg of barley
T:before each run, with, the we1ght rema1n1ng after 45 s of

"Qgraln flow. be1ng measured to dbtermlne the actual we1ght

used. The gra1n hopper was opened as the straw c

3 ' o e

-5, 2 Descrxpt1on of Heasur1ng System.c

The measurement system compr1sed the--

m1croprocessor based multlple sensor: system as (descr1bed }n'j

‘sect1on 4.4. 2) mounted on the straw walker assembly The

tacted the
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’2;3,2. the walker area was d1v1ded 1nto four guarters w1th a
fsensor placed at. the rear of each quarter (F1gure 5.4). |
“Sensors were mounted on the center walker sect1on only.”:
Several methods of sensor mount1ngs were attempted .

(béfore one was selected The flnal arrangement 1nvolvedd
/}sampllng a- walker sectlon of known area&and locat1on,
locat1ng the sensor at- the optlmum angle of 45°1 and
collect1ng the mater;al that contacted the sensor wlthout

"51nfluenc1ng the count 1n any Way. The adopted arrangement,.

shown 1n Flgure 5.5, m

;ﬁ the cr1ter1a and adapted well"

to mount1ng on the walker S bottom surface. ‘The." sampl1ng
farea vas 108 mm by 28 6 ‘mm for the jront senso; and 108 ‘mm
'4fby 38 1 mm for the rear three sensors.'The d1fference in the
:two areas was due to the des1gn of walker perforatlons in ‘5a

'the'1n1t1al and f1nal slop1ng sect1ons of the walker (Plates

- 5.1 and 5 2) Each sample ‘area enclosed two perforatlons in 0%

N

_‘the center of the welker. The sampled area was’ f1xed in”
vlocatlon and whatever materlal fell through the walker—'.~
,?perforatxons contacted the sensor by a chute and collected
;pxn a bag. A deflector and a 1ong narrow collectlon bag werev~k
f‘used to prevent the bounc1ng of kernels w1th1n the sgnsor v':

c R '
-houszng that could cause double counts. In add1t1on, flaps‘

"Qwere 1nstalled to dlrect the materlal str1k1ngothe top of .;1j

'fthe sensor hous1ng to the collectlon tray to whxch the

ffmaterlal was orxglnally dest)ned.'.;
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Plate 5.1.Front Section Walker Perforations

Plate 5.2

Rear Section Walker Perforations’
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ﬁf:ThegeleCtronic.monltoring_systemvuas‘ekactly1thevsame:
as that'used»for‘the multiple Sensor'test°ofisection'4}4.2.
.;Sh1elded cable, approx1mate1y 18 metres in length was used
'to connect the sensors to the mlcroprocessor system that wasw
'housed'1n a protect1ve cab1net. ThlS 51mulated the lead
length requ1red for the fleld test on.a harvester. Thej*'
system was de51gned to count the number of 1mpacts occurrlng-
" on all four'sensors.51multaneously.wh11e'sav1ng therdata in-

memory.

“5 3 Descrzptxi:\3f~MaterlalsQ' 'f |

- The straw used in this exper1ment was barley straw
purchased from a local farmer in ‘the form of large round
bales. The round bales were. chosen due to avallablllty,.
vsmall amount of straw damage by the baler and the good
- quallty of a large percentage of each bale.vThe straw was
baled in the fall_of;1985 and stored\uncovered untxl’used.'
The outside ofheach bale wasidiscarded' leaving £né'-,

unweathered 1nter1or for use.,Average m01sture content was’

- 7 % vet ba51s as determ1ned by the standard oven dry1ng

rprocedure outlined in ASAE (1983)
The graxn used for this egperlment vas obtalned from
- the . department of An1mal Sc1ence, Unlver51ty of Albérta and
'thad a molsture content of_?Q.Z % wet bas1s accordlng to a
':g:ain:moisﬁurejmeter‘(Model 919, Labtronics Manufacturing,a
.Vinnipeg,'Manitobal,tThe barley_aye;aged;aboutrtwenty-two

- kernels per gram and was clean, with no contamination from
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5% & Experxmental Design. “_

' The ma1n purpose of th1s exper1ment was’ to test Eﬁe
“baccuracy of the grain measurement system w1th the 1ntent1on

l- ~. .
of obta1n1ng a graln separatlon curve. The various- rates of

. ]

o gra;n and straw throughput, outlined in sect1on 5.1, would
yield twelve different separat1on curves.;The'twelve ratios

 of grain to,straw were between 0'27 and 0. 86 with total

.throughput rang1ng from 50 to 85 kg per m;nute. A complete

llst1ng of throughput data appeans in. Append1x III Table

P

In add1t1on to the 51ngle runs at eagh comblnatlon of

143.’Q> e
throughputs, an 1n1t1al run,.dﬁth straw only, -was performed
T to’ reveal the amounE of gra1n in the straw applled. The
amount was consldered to be negllglble and\:as 1gnored Theih
rema1n1ng twelve runs. were random1zed. _

The null hypothesis of this exper1ment states that the
mean of the ratlo of number of 1mpacts counted to the number
1,_of kernels collected for all tests and.sensors was equal to

7*one The expected mean of the populatlon of all SUCh ratios

y-1§ one.;Equxvalently, the alternate hypothe51s would be that

g

. :the mean of the sampled ratlos from above was not equal to

’one, This describes a two- tailed t- test-
H ;;u = 1.0

n #'1.0

>
-e



2 For a normally dlstrlbuted populatlon, th'glt’ e
. o % ~' I C . :
o stat1st1c as glven by Steele and Torr1ej(1980 is: o
I L { . LR ‘:A
(M-u)(n‘/z)/s B ‘ S5
. h'where'-M = mean of sample size n, o e

.5 = standard deviation of sample,,ands
b= spec1f1ed value of populatlon meaﬂ

.fThls sxmple stat15t1ca1 analy51s w1ll y1eld a degree of

3,conf1dence w1th wh1ch the system can be evaluated .

_ A compar1son of separat1on curves for senSor and ’_t
L:"‘.bv-. - . '
: A_;‘collectlon data was.’ made for all twelve runs.,Calculatlon of
: cafy ‘:' '
‘ nigraln loss from collect1on and sensor data was compared

..

-fus;ng theemethod of sect1on 2 3

Lo

P Se

f‘S 5 Exper1mental Procedure..}ff ;f jﬁajdff;_fﬁj‘-f7f";

N Sever%l tr1al runs #kre made on the apparatus pr1or.to -
actual tegtlng to-establash a procedure. Tﬁe operator also -f;fﬁ[
: became famllxar w1th the tlme constralnts 1nv01ved in |
;T':Ait operatrng the system.ﬁflffé*t;;:p”_:-rr;yzrrzpiffffigs_;ft;“_’ ;;
| ;if:f;'it‘A typpcal runilnuplved many " rndrv1dual procedures. The d:flg
2ffﬁlf?CQnVQY§? and straw ;alk;r syStem aas cleaned thoroughly of

& all mater1a1 rQQaining from the prev1ous run. Collectlon

;bags wére secured béﬁow the 1hd1v1dual sensors folloued by
i

E J:‘v IR

f;j;the placemfnt of collecti 5

.ys beneath the ualkers.‘The i“«:ff
“;'40 kg of baqley was placéd—ln the hopper and the screw stop C ol
‘fgydh;ladjustment’made for the next run Straw Was selected

. : we1ghed and then place.d on the conveyor..'rhe straw walker ‘
o "" ! L .!j o :
\ ”jsystem and chaff blouer wagon then were started The

1‘m1croprocessor system was actlvated and checked to ensure

-
N Y « s R g
- . - . e .



‘ _ e B . o
;,ﬁproper operatlon.-The conveyor then was started w1th the ¥

gf“:graxn appllcat1on commenc1ng as soon as the straw came 1nv”7'

k.contact w1th the walkers ,E1me was monltored for 45 seconds,'

“f'at the end of whlch the gra1n was shut off Durxng the

ientiﬁe run, straw was removed from the dlscharge end df the

','fwalker assembly and thrown manually 1nto the chaff blower

'iwagon."v

Immedlately after the graln was shut off he _';"7' L

'”rdfm1croprocessor was: shut down and the remalnder of equxpment

“. ~‘i'---‘..5 . e

”?d_halted Memory in’ the m1croprocessor was exam1ned for the ‘hh"fﬁ

o

i 1collecte§ datanwhlch was recorded,manually Gra1n rema1n1ng

Cin. the hopper was removed and we1ghedteo that the actual

fappllcatlon rﬁte was known Collectlon tray and bag mater1a1

-1"

'Y'were placed in labelledrstorage bags thh gross welghts

',‘f'measured and recorded All gra1n we1ghts were measured w1th

to

a dlgxtal elec?ronxc scale (Sartorlus 3807-MP6) The samples'gkfh
were sealed and stored, pend1ng the completxon of all runs." '
"Subsequently, samples were cleaned and welghed A fann1ng

Y

.mlll from_the Department of Plant Sc1ence, Un1vers1ty of

p
..fklberta has used to clean each sample...v; W.;.gf{if;;?afﬁu
IR B . . L .“ oL SR , - ‘.-X‘n';:;"gi‘.‘"'-- AR
el e "{yow : ;w,gm:, AR PRI IRRE R
- o ' o o 2
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v the twelve runs descr1bed 1n chapte% 5 The we1ght (1n h

: : . . N 2
. . \ - B ST '.ﬁ’.! O“"' .. : el €« a. =
¥ : . R LI

i 6 maogmony TEST azsum's AND mscussxon

The data for the laboratory tests are g1ven 1n Append1x

:III Relevant data are dbmplled 1nfvaglous grouplngs to

llustrate several trgnds and relatlonshgpgf uyﬂg

6. 1 Impact Countxng Accuracy f’
The data for the 1mpact countlng accuracy determ1nat10n

was collected from sensor counts and collectlon bags durlng

'étgramsl of clean gra1n from each bag was mu1t1pl1ed by

"ftwenty two kernels per gram: to calculate the number ofu

:kernels collected 51nce the coun 1ng,of 1nd1v1dual kernels

,proved too t1me consum1ng. A plo' of humber of counts versus”'

[}

.“number of kernels coilected is

'number of kernels counted to

hown 1n F1gu§e 6 1 and shows

'*,the best f1t straxght 11ne thr_ugh the or1g1n' The ratlos of>

r\

he number of kernels collected

were calculated for all 48‘coll ct1ons made and are g:ven 1n
3 . . .
¥ L ,.‘x:,'«., . : . L

Table:6:1 s
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" Table 6.1 Iﬁébé:.a‘tdr)'r; Collection Bag Data.

L _Col Col  Cnt  Count Col Col Cnt, Count
IR N - Y 2 ;(#) Collect,_ (g) (#) . (#) Collect

5. 110 1104 0;945. '8 176. 137 0.778
8 176 247 1.403 . 10 220 - 176. 0.800 - -
10 - 220 227 1.032 11 242 194 0,802 .
- 11 242 308 1,273 . .12, 264 209 0.792
12264 312 1.182. 13 286 - 317 -1.108 -
. 14308 . 4267:1.383 - 15 330  219. 0.664 . T
£715 73307 377 1.142 . 15- 330 489 1.462 . . BRI
17 °.374° 283 0.757 17 374 392 1.048- .
17 374 403 1.078 .17 374 458 1.225 . -
17 -374 - 543 1.452  "18 396 = 426 1.076
18 . 396 578 1.460 19 418 - 281 0.672 . ..
© .19 © 418 628 °1.502 19 418 709 "1.696 = - . .. °
- 249 . 418 1770 4.234 - .20 440 314 0,714 .
S22 484 440 0.909 .- 22 :jA84 611 1.262 .
23 ° 506 -~ 882 1.743  247°'528 - 367 0.695 -
24 ..528° 384 0,727 . 24 528 - 542 1. 027 -
, 28 616 713 1.157:~. 30 -~ 660 548 - 0.830 . .
S . .30 660 1479 2.241 . 31 . 682 . 631 04925 © el
vt 7317 682,850 ©1.246. 32 -704 .1053%71.496 1
. ,..36°7.7927.° 7177 0.905 ° 36 792 ° 732 0.924
T~ 36.0.792°-1081 1,365 37 'B814 | 646 . 0.794.
02.37° 814 971 1.193. 44 968 900 0.929.
ST 0 ‘4871086 842 0,797 49 1078 7769 0.713
». 0 50 1100 855 ~0.777° 54" 1188 985 ,0.829 -

-




\ﬁfif‘ ’Unzts of the curVes*are kg/m per‘run dutaton (455) verSUs

'i‘:slgﬂlf?”Ii’tffdjf;}fjljffuﬁ:5’““jf'gfﬁf:TVAf*f lfff?is\;
Two collectlons, numbered 1 and 2 on F1gure 6 1, were o
= 1gnored since the collectlon bags became tangled durlng the il

.__o

course of the/run, cau51ng reboundxng of graln kernels:

"w1th1n the houslngﬁand artlflcxally h1gh counts. The ftt-?:~

‘;; statlst1c as deSCr1bed by equatlon ”'alculated to be 1

.".'e-.

‘ 1. 3615 wlth M= ,1 0589 " _-1 o, n"‘

W1th 45 degrees of freedom, the sa}l

the level of ‘as 0 10. ﬂhe 90 % conf1dehcg ﬂntervalvplaces the }
mean of the populatlon, from which the sample was take:?:_ 4}
between 0. 9862 and 1. 1316.’:‘*'B'f.5_;'}';.1 "';” ".:b:ﬁ'?f“.
L : o e f.f A }mﬁl &
- 6.2 Separat1on Curve Analys1s ."f, 3‘? R "ﬁﬁ"' jt
e Separatlon data 1s g1ven 1n AppendxerII Table 14 4
"and separat1on curves fotsbotf'sensor and collectxon methodsf
are plotted 1n.Append1x IV F1gures 1§ lyﬁi A typgcal'”'ll ;
\','sample separa@1on curve.as sﬁﬁwn En z}gﬁg% 6 2, Tﬁxs shows '
clearly the general relat10nsh1p between the two-measurlng
methods. The éT;:bglnt curves are from the collectxon tray

D

f data,'whlle the four—po1nt curves are from the sensor data.@ﬁ

« ,F

dlstance along the walker 1n metres. The separatlon rate was

X g i g

Je

calculated from.raw data by applylng the approprxate
conver51ons for the area of straw walker sampled.

o Several 1nterest1ng poxnts can be made concern1ng the

shapes of the two curves and thexr d1fferences. The sensors

rece1ved data only from the m1ddle walker, whxle the trays



o B I

- collected data from the ent1re Wldth of the system. The--*

-lltendency for ‘the straw to bunch along the center llne is the

Eicause of the,shlft 1n the sensorgseparatlon curve rearward |
:fas compared to the. collect1on data..The center 11ne of straw:'
371s thicf;r,than at the edges,‘caus1ng separatlon to oceur at
ijthe edges before the separatzon can beg1n at the center
'fil1ne. The graln d1d not penetrate the straw mat as qulckly

'xalong the center lﬁhe. The delay can also explaln the

.tendancy of the flrst sensor to con51stently read less than ,

'”,the second sensor, the reverse of what one would expect.

ff’Another contrlbutlon to the delay.ls that the gra1n 1s

”“5_app11ed to the surface of the straw only, and not déspersed

,fleVenly,_throughout the depth as would be the case in a a”
;harvester 31tuatxon. ":w”"" _ : .

Be51des *he delay as descr1bed above,,the curves for

'.‘the sensor and collect1on data are comparable both 1n

i

I" .

'fmagnxtudq and shape.,The sensors may have recorded ‘a hxgher

ﬁy"sepa;atxon due to~the“5unch1ng of straw and gra1n along the

":system centerline. Consequently, the conclus1on was made

1

‘,fthat the mzcroprocessor measurement system was 1ndeed ",f
*capable oF measurﬁng a’ separat1on Curve 1n condrt1ons '“Li”'

‘g'prevalent on a harvesteg
. ’ . a‘a l‘. v U ‘. Ll -.:,.'»-.'.-" Sa

;f¥ B
6 3 Loss Calculatxons . _’f - f'd B ”I'E:'i'_“hril“’

The calculatlon of loss from the collectxon and sensor

°

- separatlon curve data, as, well as the actuafgaeasurement of
i the applzed gra1n\was done. The actual loss was calculated .

v . 3 . <.A‘,"
. . " .. . L. . ' . e




hs'_calculated by the xntegrat1on of an extrapolated

'tas the dlfference between the gra1n applLed to the waLkers
: .
'Qand the graln collected in the collectlon bags and the
SPREENN ML

‘collectlon trays 1 through 6., The graxn collected }n.f

¥

J:numbered 0 was subtracted from the applxed gra1n
&

1nce that -
' ygraln d1d not fall through the walker surface. Los

-

A s

ffexpontentlal curve on- the t;alllng edge of the sepa;at1on

jvcurve as descrlbed 1n sectxon 2 For the tray collectlon,'

\ ..

7fthe regreSS1on of the exponent1al curve was done on the last ,

-;four trays, wh11e only the last three poznts of ;he sensor_"

o data were used because of the delay descrlbed prevaously.-

e

:fThe calculated and actual 1osses for each run are glven 1n
1;Append1x III, Table 14 5, whlle the loss comparlson is’

fpresented graphlcally in F1gure 6 3. There were no
':‘regress1ons that f1t the rat1os_gi.calculated to collected

'slosses to a: h1gh degree.‘l

The.;alculated losses per run 1n unnts of k1lograms did.,

‘“*‘Knot correspond well to. the we1ghed losses. The d1fferences ,l

“ffi;;apparatus u31ngvthe procedure descrxbed to emulate the

'l'were due pr1mar1ly to the 1nab111ty of the straw walker

[

¥fseparat10n res fise- that 1s expected of a walker system 1n

lan actual har ester leferences across Ehe walker wxdth

i . e

‘- were present because of the uneven feedlng of ‘the walkers.

'The appl1cation of the gra1n to the top surface of the strawg

¥

"iadded uncerta1nty 1n the separatxon characterlstxcs.. _,»‘f
: Although the loss calculatxons d1d not f1t_nell—uath

the appl1cat10n amounts, the mzcroprocessor measurement .

Lo
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Total Lo-; ¢ _‘(gA ). ‘V

T Measured Losa (kg ) . . . L
v _ O . Weighed: . ... .+ - Coliection Jrgy—— - ., = = .© .Sensor. ‘.- il

Figure 6.3 Calculated Versus Measuréd Losses. -



system ylelded COmparable separatlon curves and the system

"wés deemed adequate to proceed w1th f1e1d tests.
A _ _ |



7. FIELD TESTING OF MULTIPLE §EN /on SYSTEM
‘DLA comblne harvester was tested 1n actual f1eld
ond1t1ons w1th the multlple Sensor system as prev1ously
‘ ;descr1bed. Many steps 1nvolv1ng the 1nstallat1on, operatlon
f,land extractlon of data were t1me consum1ng and organlzed to’ _d
: £1t 1nto the harvest1ng schedule of the farmers concerned

H’Because of thls,_ ly 11m1ted t1me for data acqu151tlon was

| "';-'z_..'avallable. The field tests were done in the fall of 1986

': near Boyle, Alberta, about 150 k1lometres northeast of |

h;Edmonton, N

7 1 Dascrxption of Equlpmeﬂt-‘: , , _
C The harvestlng un1t compr1sed a Massey Ferguson model
fj'751' conventlonal pull type comb1ne powered by a John Deerexl
f;model 4640' two—gheel drxve tractor. A schematlc of the “f-'

| omb1ne LS shown 1n F1gure 1 1 and a v1ew of the complete I

‘?‘-w

’ iglun1t 1s shod*ﬁ!émPlate 7 1 The capacxty of the ccmb1ne in

’greatest'p‘

Tgss. The

r /e o
S

h e§h1ng cyllnder operated at 10507RPM‘£or:allfl
.fftests condua_ed-xn_thls bhesxs. The straw walker'assembly

_ii;rﬁjmm lonq by 240-mm w1de walkers whlch were
.»ropen—bottommed ;The;ﬂassey Feﬁgnson de51gn of walker -

< v :

'f-ﬁperforatlons was cons1stent thh“the walker assembly tested

'v31n the laboratory, wléh the only_dxfference belng the

f»length Osc1llatlon speed of the stra#?walkers was measured

' k4 . .
2 " . ‘.-\ . 4
e 3 - B e

et M

O] -
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“to be 200 revolutlons per mlnute._Separatlon curtalns were
‘located at 150 and 2400 mm from the front edge of the

_f,walkers. The curtalns were in sectlons w1th one sectlon over
.each walker. The tractor s electrlcal mechan1cal, and |

Mo

E A
‘hydraullc systems were used by the comb1ne in normal

. operat1on.~

Ground speeds were selected from the tractor s

4

sxxteen-speed mechan1cal transm1551on Three speed
'“_ selectlons wgge made w1th one. speed\\hoye and one?below thﬁ

LY

'normal’operatlng speed of the comblne unit. The speeds

“

'-chosen were 4.1, 5.8 and 7.2 km/h (- 1 , 1. 6 and 2 0 m/s b
| 'respectlveljit ﬁower waSasuf%1C1entJ€gfmaihta1n rated powerfd'
take off- speed uhder all loadlng cond1t1ons. The electrlcalv-'
,system was twe1v€ volts, negatlve ground charged thh an-:
"alternator.' | 'ﬁﬁsc J "
Effluent‘from the straw walker and s1eve assemblles
‘were collected from the comblne on 10 m1l polyethylene
'»sheets, 3.5 metres w1de and 6. 0 metres long An <ff\\x
electr1cally-controlled sheet roller was operated frdh the_ﬁfl

- tractor enclosure. As the comb1ne rolled along, the sheet

. jawas released collectlng only the straw walker effluent. A

'-~s’pond sheet of polyethylene was pulled along under theyﬁ
combine and released 1mmed1ately beneath the straw walker
sheet to collect only the effulent from the sieves. Both

&

. collect1on sheets proved effect1ve after a. few trlal runs.d

The q@@%ectxon sheets are shown in Plate 7.1.

LY



; 7 2 Descr1ptxonvo£ Measugement System.‘ f;f.'“

The- four sensors employed in the prev1ous laboratory

' Wtests were used 1n the fleld tests The software for the
‘fmeldztestvchanged-only sl1ghtly from the laboratory tests;_‘
.1n that a t1m1ng rout1ne was 1mplemented to operaue the

;system for ten seconds at 3 t1me forzaach run. The program o
listing is glven in Appendlx II »sectlon 13 5. The program1,

awas "burned" into an erasable, programmable, read only .

memory (EPROM) to ease the execut1on of the progﬁam. The .

T m1croprocessor§board was 1ocated in the tractor operator :

;'enclosure W & foam é‘ushmﬁ" - ‘(Plate 7. 2)

The - sensors were p' ?of the 1ong1tud1nalw

"’quartergiof theystr;' h the 1aboratory

’ﬂtests;IPlate'773 ;e.sensorsuon»a,f

-removed walker. Sl ) e&uipped'with'six

'*straw walker sect1x ‘1_p1aced on the -

,sectlon thlrd from 1 ‘ewed from the rear. Th1s

;sect1on was hoped toemost accurately capture the average
separatlon of the comb1ne.‘Sample arnas 1dent1ca1 to those‘

: used in the laboratory were chosen to s1mp11fy mountlng The
sensor hous1ngs‘;ere changed to fit the restr1cted area
{between the straw ‘walkers and the gnaln conveyor pan‘nw';
1mmed1ate1y beneath Also,'no collect1on bags were used as.
the retr1eva1 'of such samples would be too labour 1ntens1ve.
The 45° angle of 1mpact was maxnta1ned as well as theA

sh1eld1ng of sensors from gra1n from non sample areas./A

schemat1c of the_sensor.hou51ng is shown-xniﬁagure 7.1,



(3j ’

o '.‘S:'ample-i.engm’

By Swawwalker L
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Figure 7.1 Field Test Sensor Housing. (all dimensions in mm)
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" Plate 7.3 Location of Sensows.

. *




-

The shlelded cable from each sensor was grounded at a
common, po1ht near the walker sect1on rear and then routed
'along the comblne length towards the tractor)enclosure,'
u51ng about 20 metres of cable inh all Greét care was taken e
;to ensure that the w1res ‘were adequately attached to the‘# -
walker after the 1n1t1al 1nstallatlon wasudestnoyed after‘

only ten hours of use.'Efforts were made to ensure free .

-passage of materlal around the leads and sensor hous1ngs so

.,,—

’ 'as to. alter the separatlon charater1stics as llttle as »
f>90551ble. Although the system was. tested for only about twoh
hours, ‘the comblne was used for about one. hundred hours thh
the senSors lnstalled.‘ | | .

“In a pre11m1nary test s1tuatlon, 1nter£erence waS"ﬁ ‘
detected between the remote-controlled polyethylene roller'
-;and the sensor leads._The roller lines vere relocated ‘

'e11m1nat1ng the problem. EleCtr1cal power supply for the'
gmeasurement system was supplled from the czgar 11ghter ;d

. outlet of the tractor. The supply was regulated by an ezght:d:
J'volt regulator as descrlbed 1n‘sectlon 4 1 1. VOltage

' regulators 1nternal to the m1croprocessor system further
lregulated the supply to flve volts. A one Ampere fuse was
:r1ncorporated in the supply regulatlon to protect the system'

s

‘5from any short c1rcu1t damage.

© et



:7 .3 Mater1a1 Descr1pt1dn ‘ l/'-':;f- ,_’}'f,::n

A fazrly level plece of land w%s chosen for the 51te Ofﬂjh
N
the f1eld test 1n order bo 1nh1b1t ﬁny topograph1cal

:,;'1nfluences. THe land area was approxlmately 20 m by 150 m,"

"comprlsed of*ur swaths from a 5. 4 metre w1de swather. The :

area’ was reas ably free ffqm weeds w1th a un1form crop

‘stand as: w1tnessed dur1ng the grow1ng season. The

sdrroundlng 45 hectare fleld of Bonanza barley was harvested“

Lfat a m01sture content of about 17 %, whlle the tests were |

‘ ‘performed 3nly ‘when the gra1n m013ture content reached 14 2:”
-l; 'S wet ba51s The swaths were in® goéﬁ cOndltlon,_surv1v1ng

‘ten mm of’ post-swathlng prec1p1tat1on Average yleld of the‘

. plot sect1on was determxned to be 2 5 t/ha. The barley s

dens1ty was 920 kg/m' w1th an average of 34 kernels per |

‘ gram. The straw was measured to have an average m01sture.
" content of 8 4 % ‘wet ba51s. The avetage length of straw was

1 3 m and’ stubh}e was 150 mm h1gh on average.}s

7.4 Experzmental Desxgn."

The ma1n objectxve of th1s f1e1d experlment was to

ncompare the loss as measured from the collected effluent
“with the loss calculated from the sensor measurement of the‘-v

7’,separat1on curve. The sensors were the only method by wh1ch.w
’the separat1on curve could be measured s1nce no\prov1s1on
‘was made to collect materlal under the straw walkers. The»rm:

et d1str1but1on\of.a sample from a U°fmallY.d?5tfleFCd,

population was used to determine the significance of thetf



. o

\"..

”1@& all runs as 1n equat:on 5 1 The nﬁll hypothes1s was
. ?‘ that the mean.of the rat1o was equal to one, whereas the-*

aLternate hypothe51s was that.the mean of the rat1o was not

equal to one. Ea

'HK,_;'u;!ro o

In: ordergté keep the env1ronmenta1 effects down to a
m1n1mum, the experlmental tr1als were run 1n one day.,Three
peeds were chosen as stated prev1ously,-thh three :_;‘

repllcat1ons COmpleted 1n each speed y1e1d1n§ a total of

_/ choose d1ff

il
4

'untered in pract1ca1 harvest1ng Slnce the cropp_'

7Hf“m1n1mums i
i .7 ,v"i

g
order of the runs was randomxzed and were ;G‘w‘

.o adJacent swaths in the center of the four

7

. sheets deployed dur1ng tHlse ten seconds.

An add1t10na1 ten runs were performed on the rema1n1ng o

crop area w1thout any &ollect1on of effluent due to the

amount of mater1als already collected and the t1me of day.j:],

The add1t1ona1 runs served as checks to the prev1ous runs

| assumlng a un1form1ty of crop across the test area. Only the

o



by

o

_ sensor readlngsyﬁereﬁrecordedifor-t&ese;additionalJruns,f'_

i Sl
. La W B
. S

s

1.5 Experrmental PrOCeduée. I AR ) -

Before the ru%s were performed tr1als were - conducted

to organ1ze the procedzi;: and collectxon methods. The f1rst

task was to adjust the(c bxne to f1e1d cond1t1ons. The

adjustments to cyllnder,:cleanlng shoe and fan were made by

' the owner to ensure a representat1ve comblne sett1ng was
"5-_ obta1ned 'No attempt was made to adversely adjust the

;comb1ne to exh1b1t any unusual character15t1c.

One tr1al 1nvolved operat1ngjthe measurement system f

'w1th the comb1ne operatlng at rated speed with no’ 1nput The

o,

\"f' Mov1ng into’ the crop, Ehe system 'was a¢t1vated when the

combane was dr1ven across the f1eld at normal operat1ng

speeds. Loaded tr1als 1nvolved determ1n1ng the procedures,

3 v
for the test team in. operat1ng the‘hollectlon sheets Once a

1
procedure for a run was adopted the normal runs began._'

SY S . L

: Before each run, a one metre sample of swath
1mmed1ately ahead of the comb1ne uas collected bagged and

sealed, to be- used at a. later date for feedrate

‘@ determlnat1on. The polyethylene sheets were rewound and

posit1oned for sampllng The comblne then was operated at:

1

A rated speed and the measurement system checked Once the

system was operatlng correctly, the test began.;' '%f

‘ comb1ne was fully loaded and effluent began to appear at the

rear. The remote controlled polyethylene sheet was deployed_ -

promptlng the 51eve collect1ng sheet to be released ‘The



‘Iat

1Care was taken to ensure t fﬁgg ylné"kould not é!!rupt the
“w\~\v

 placem nt £ collected ma
p:/"“—e e o : ' SE};“ \

',allowed to clear afte;g;h y

3, =5 ‘.
e

‘ready f@r the DQXﬁa.\
: 'I‘he cdllecg:{d gf\a*i“ '.

vand/or separated'bzae

an elgctronlc_scale. T

analyséd.;



3 gy ‘
\the\system responhed 1ncorrectly from a

‘w and chaff 1ns1de one or two of the sensor

\J/aarcass 1nterrupted or 1n some other way al;ered the sensor
”“ readxngs for that run Consequéntly,the six runs rema1n1ng

we'e con51dered to he good' out of the nine scheduled

f V’8 1 Separatzon Curves and Loss.'»‘ | g S
) : N -~
Separat1on rate curves—were obtalned from sensor data

: 'only (Table 8 1) and are plotted in Append1x 1v 3 Flgures

15 13 21 Data was converted from count data to separatnon

‘Q% . rate (kg/m per duratxon of 105 run) by con51der1ng the area
ﬂ;éampled and gra1n characterlsﬁ1cs.‘Regre551on equatlons for
'the separatlon curves ‘were’ calculated and loss calcul;ted .

; from the extrapolatlon and 1ntegratzon of the curve beyond

v'the walkers. The equatlons and losses are g1ven in Table B

'81

88. A
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ngure 8 1 Wlth the egressmn equat1on bemg.
: _ ¥ , o :
¥ = 1. 2177 X
hwhere!HY = Sensor calculated walker loss (kg/ha), and
: x-’-= Collected walker loss (kg/ha).

The porcup1ne altered data for Run #4 1dent1fzed by the 4 :

_'on the graph and, consequently, was not used rﬁ‘the
'»regress1on. Runs #7 and #8 do not’ 11e on the graph and were

;“not used. 1n the regress1on sxnce plugg1ng of sensor - hou51ngs

R R

ez

. ratio of calculated to measured los'

occurred The un1ts of kg/ha for the valker - loss were N :

A\ L
‘jdeterm1ned by apply1ng the-approprlate factors of area '_“j:,

'convers1ons. The tests ranged in total loss from 0 4% to

2. 9%AvLoss would average about 2% when operated by the owner -

.undet normal cond1t1ons. The rat1o of*calculated loss to

_measured loss then was averaged for all val1d test runs. The

—

ratlos are g1ven in Table B.1.

BY equat1on 5 1, the 't° statistic was:O 514 with M=

| 0. 89 u o= 1% 0, n = 6 and S = 0 524 with f1ve degrees of fM

freedom. The null hypothes1s 1s accepted w1th a=0. 10 The

was w1th]n stat13t1cal

~prox1m1ty of the expected populatlo mean of 1. 0 The 90 %

-hconfldence 1nterval places the popul ion mean. between 0 46

~and 1 32 acc0rd1ng to the safple ata obtglned The

statlst1c wouId 1nd1cate that the system measured the loss :

Rl

- at a statlstlcally s1gn1i}cant level.

-;%; ‘the slope of the best £it i1ne

A

s . X - o - !

,ggiiope_of 1,21. This’ shoys;that the~d"



_— mechanxsm tended Ed

N

_(,.‘-. S - o -

measurement of loss n average, tended to beEhlgher than o~

that collected 1n th:

o

lnfluence of only 53

.effluent, 1llustrat1ng agazn the
p11ng ‘one walker. The comb1ne p1ck up
load the rlght hand side of the comb1§e

more heav11y when avo1d1ng contact between the tractor t1res .

: and the swath Consequently, walkers on the rlght hand s1deA .

-

would be loaded w1th larger quantltles of graln. Slnce the

"sensors were placed towards the rlght hand side, they

o R ks

: exper1enced the same 1ﬁcrease in-grain. The locatlon of the

-

sensors is con51dered to be of crxtlcal 1mportance. g ‘_

The separat1on curves in Append1x v show that an

P

N exponentlal decay does in fact _ocecur and is measured

cons1stently by thevsystem. Except for the blockage problems
of runs. #7 and #8 the curves dlsplay the same general
shape The exponent1a1 regressmn was carrleci out for all

four sensor locatrons for all runs. h1gh degree of

correlatxon suggests that ‘the system responded well to

-

measurang-separatlon data on-a harvester. H1gh correlat1ons

of f1t were obta1ned,tw1th R’ rang1ng from 0. 721 to 0. 992

for- the val;d runs w1th collectlon data. L R v



9 coucr.usxons, S s -

Exam1nat10n of gra1n loss.sensor - att1tude with -~ -

AR ((,,

"reference to graln contactlng the surface revealed that the».'
"

£ .
best or1entat1on was. at 45° to the directlon of the gra1n .

tra]ectory. Tests sho«ed that a hucroprocessor based system

\

developed could d1st1ngu1sh 1nd1v1dual gra1n partzcles from sy
9 R T o
traw and chaff as vell as'from eacp other. The system _

’ could count graln kernels w1th an accuracy of +10.°% at a

rate of about 35 kernels per second for 51ngle and mult1ple'

sensors at the opt!mum 459 attlt

e, - .
A . \

The collectlon of graln that ontacted‘thevsenSOrs‘in‘

the laboratory test showed a h1gh statlstlcal correlatxon )

B

- between the number of kernels collected and the 1mpacts

B counted The 90 % confldence 1nterval placed the ratio of :

1mpacts counted to kernels collected w1th1n 13% of the mean,
| _ The - laboratory separatron apparatus did not provxde

SR Gery accurate separat1on data. The comparlsoniof laboratory

) collected loss and calculated 1o s, oth from tray

collect1on and sensor data, showed no sxgn1f1cant

Ny .
frelatlonsh1p. The method of apply1ng gra1n .and feed1ng strawﬁ

1

" was pogr ‘in that® tield condltzons could not be closely -d

dupl1c#ty;

The applled gra1n ‘was excess1ve when compared to_
se at1onsrates in the f1eld Separatzon rates along the
~walk length reached 16 kg/m per mxnute in ‘the laboratory,

wh1le actual f1eld separat1on rates'never exceeded 4. 8 kg/m

-

per mlnute.,

.Q\

93



dﬂ The fxeld test measurements of separatlgn curves were fo

"*; performed succéssfully. The curves of all va11d runs were of

”.h1gh correlat1on exponent1al decays w1th a calculated loss
"stat1st1cally close to the measured loss rates. The worst jt7~
j"-f‘flt had Z; ;i of 0 721 wh1le the best was 0 992 |

| | Loss calculatlons based .on separatlon rate curves are
'Tfaccurate,}prov1ded the saéples are point samples of known

I..
' *area and locatlon..The comparlson of- calculated to measured

7.'loss showed a statlst1cally s1gn1f1caht correlatlon at the
p:’level of. « = 0 10 w1th 11m1ted data. The calculatlon of.
;'walker loss 1s 51mple once the exponent1a11y decaylng curve
1s extrapolated beyond the walkers. ';, ) .l_w ,d) ;Q “j\5&<

{l* ng1t1zaton of an electr1ca1 51gnal from a gra1n loss

ﬁrsensor is poss1ble w1th a mzcroprocessor controlled

" lanalog to dlg1ta1 converter. The 51gnal could then be

ranalyzed to determlne whether the 51gnal was from ‘a grain’ or

‘non graxn part1cle. Th1s analys1s was not p0551b1e with the

'7_§equ1pment ava1lable. -



'_ 10 Rscommwmnows

Recommendatlons are made for system 1mprovement and

| <procedural revamplng

0.1 Improvéments to Sens1ng System i :h.fb.::#~:*5 T;l”fﬂ‘
| From tests in the laboratory and‘?ﬁeld, compl1cat10ns

: arose due to the mon1tor1ng of only one walker sect1on. The

——

recommendatxon is made to 1mplement a mult1ple sensor system

on more than one walker sect1on, with mon1tor1ng all walker

-xl

,sect1ons be1ng 1dea1 The complete separatlon analy51s could 3

[l

. then be achleved w1thout hav1ng to assume a constant :;~fﬂ

separatlon acros:athe walker width.

o Software could be developed beyond the scope of thls L
the51s to calculate the actual loss from the sensor data.
- lmnedlately. An 1nternal ca11brat10n for tne number of
kernels per k1logram could be ut111zed 1n an. on-qg1ng basxs.l
A number of kernels could fall onto a. sensor from the gra1n
“tank The kernels copld be collected and welghed with the

mlcroprocessor calculatlng the number of kernels per

k1logram from the data. Th1s would avo;d the necess1ty to

S .

‘; enter crop parameters 1nto the program as the chp qual1ty
changed ' A
The sensor hous1ngs should be mod1£1ed‘to prevent the
plugging wh;ch altered f1e1d tests #7 and #8. The hous1ng‘ﬁ
] cowls should 1ncorporate more elaborate deflectzon'l "Vn"h.\
techn1ques to mlnzmlze the plugg1ng and d1sturbance to .,

separatlon. o : 3" “ . ‘._"4 T



| “r10 2 1mprovements to Procedure hl? L
' ;; 1mprovement to the feedlng characterlstzcs of the
flaboratory apparatus is needed Perhaps a: walker system
'"beh1nd a threshxng cyllnder and concave is the only way to
accurately m1m1c the cond1t1ons ‘of a harvester.~“'"”"'x

~ The f1e1d tests should be 1ncreased in number and dbd"x
.length _.The samples for each run should be larger to
‘e11m1nate ‘the posslbtllty of concentrated varlatlon 1n crob -
lpropert1es. Larger samples of efflnent would help to 1mprove~’
:reproduce b111ty of data. | “ “ © H
| \\ A d1 ferent materxal for collect1on sheets would help:\
' collect1on. The polyethylene sheets tended to sllde on the \
stubble. AS well the‘effluent tended to sllde on the'
'l'sheets. W1nd would catch the sheets ea51ly 1f care was . not:u

‘;taken. A canvas or rubber sheet is suggested as a better

meterlal. R L o
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'13. APPENDIX I1 PROGRAM LISTINGS -
13,1 Micropfoceésor baté.Transtef Programs -

13.1.1 Mainframe to microprocessor

"} NAM MTS |

w
* THIS PROGRAM TRANSFERS ASSEMSBLED PROGRTAMS T0 THE DS
« FORM. THE MAINFRAME COMPUTER- VIA A MODEM AND ACIA .
* ALLOWANCE IS MADE FOR CASSETTE STORAGE OF PROGRAM.
CR R EQU~$E700  IACIA STATUc AND CONTROL REGISTER
DR~ ~EQU $ET701 1ACIA DATA REGISTER N
PUNCH EQU $F630 :CASSETTE STORAGE . SUBROUTINE
PROMPT EQU $F024  ;PROMPT DISPLAY SUBROUTINE
‘BEGAD EQU S$EA460 - B T

ENDAD  EQU $E462.

. QRG $EB00. | L
.. X10 BSR X1 :BEGIN PROGRAM READ .
" JLDAB #5293 TURN ON CASSETTE
STAB CR o
JSR X2

~ JSR PUNCH TAPE STORAGE .- ‘.

LDAB #$49 ‘TURN OFF CASSETTE »
STAB CR o i
BRA X3 R -

X11 - BSR X1 AR

X3 JSR X2 |

~ " JMP PROMPT DISPLAY PROMPT

X1 LDAB $E3F1  ;E3F1=0 ?
" BEQ X4 iYES, X4

 LDA® #$FF  ;NO, E3F1=00
- sTA F1o o
X4_LDA§;§%§O ‘E3F2200
" . STAB $E&F2

 LDAB . $E3F3 - 5
BEQ X5 - , ;E3F3=0.?, YES, X5

| LDAB #$40°  ;NO, E3F3=40
. STAB $E3F3 . | | L |
X5 NOP - o o
~ LDX #$0000 o A
STX BEGAD 3 | | o

LDAB #$03.  ;MASTER RESET R
STABCR

 LDAB #549
7 STAB CR
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X1
S xe.

X2
X12

x13

x18

JSR X6
CMPB #$53
BNE. X7

~ JSR X6
", CMPB §$31
- BEQ X

- CMPB::#$39

.,SQEffg "

'ORG $EB8S
JMP X 10

-

'ORG' $ER9Y

JMP X1

ORG $E8AD

LDAB DR
LDX #$4000
DEX -

BNE X12
LDAB CR.
ANDB #$03

EORB #%02
BNE X2

- LDAB #$07

STAB DR

" LDAB CR

ANDB #$02

-BEQ X13

LDAB #$08

STAB DR
RTS

LDAA #$01

BSR X14. -
~-SUBB #$03
- STAB S$E3F6

BSR X14

STAB SE3F4

BSR X14

STAB $E3F5
- LDX SE3F4

BSR X14.
STAB 0,X
SuBB 0,X.

 ANDB SE3F1.

BEQ X156 -

LDAA #SE1 -
‘BRA X16

_ ANO TRY UNTIL 1m1s

13

'{BEGLNNJNG_WITH"TAPE STCRAGE

;BEGINNING WITHOUT TAPE STORAGE

:READ DATA REG - .
:DELAY :

;CHECK IF ENTIRE SEND IS OVER .

Pl

:PREVIOUS 2. CHAR WERE 'S1’
~ IOBTAIN COUNTER BYTE

:READ PROGRAM DATA

104
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Tx22

X17’v

%19 -

X16
X6 .

prd

CPX ENDAD

BLS X17
STX ENDAD -

INK

DEC $0076

- BGT X18
‘BSR X14

BNE X19
JMP™ X7

STAA $E3fF2-

TAB
LDAA #SE2

BSR X2
‘BRA X16

LDAB CR

ANDB #$01-

BEQ X6

.LDAB CR

ANDB S$E3F3
BEQ X20

LDAA #SE3
BRA X16

LDAB" DR
RTS

, .):M

‘BSR xs ,
CMPB #%40 -

BLE X21 ..
ADDB #3509

_ANDB" #$0F
. ASLB

- ASLB

_ Asig

| ks $E3FS
'ssn X6

CMPB #$40

- BLE Xx22

.ADDB #309
ANDB #S0F -
'ADDB SE3FS .

ABA

RTS

~END

ANDB #S$FF

108

IS LINE’ OVER ?

GYES -
.NO CONTINUE

;sIATUs'REG

;CHECK RDRf
iNO, WAIT

YES CHECK MODEM CARRIER

O i -

:READ CHARACTER |

’ CHECK IF CHAR IS LETTER OR NUMBER

CHANGE FROM ASCII TO HEX

*STORE HEX IN E3FS
NEXT CHAR . |
;CHECK IF CHAR IS NUMBER JOR LETTER "

.CONVERT«ASQII TO'HEX
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13.1.2 Micfoptqceésor‘progfam :Gr:IBﬁ pquonéiJCGmpute;jﬁ
-éorﬁm'uﬁi'catibn R .
-~ NAM TRANSFER v 5 o
« THIS PROGRAM WILL ACCEPT OPCODE FROM THE 1BM PC IN THE FIRST
» AND SEND DATA TO THE PC IN THE SECOND PART
*
- PROGRAMMER 'RON LARSON
* .
 RESET EQU $FOGO 'RESET OF SYSTEM AND DISPLAY PROMPT
CR - EQU $E700 - ;ACIA STATUS AND CONTROL REGISTER .- .
DR EQU $E701 4}j ;DATA REGISTER 4 | I EM@
« THE FIRST RART'—f e | I |
ORG_$E300 BEGINNING 'ADDRESS | e
&1 RMB 2 :STORAGE FOR INDEX REG ADDRESS
* MASTER ReseTHER S .
. % o s
| LDAA #soa o S S
STAA CR- - L st
LDAA #5355 ,/16,88, 1ST ,NPR,RTS HIGH, TRANS ‘I DIS,I DIS
sSTAACR - =~ IR L
L3 .
* BEGINNING OF LINE READ | | o
| LO0P1 LDAA CR ,? .RDRF IE. IS THERE A CHARACTER7 |
" .BCC LOOPT NO, WAIT FOR ONE. -
= COUNTER BYTE READ = 1 B
LDAB DR - YES STORE THE COUNTER BYTE . -
CMPB #$FF  .IF FF THEN LAST ROW AND THEN END (RESET)
BNE OVR  ~ .NO, CONTINUE -
 JMP RESET ~ .DISPLAY PROMPT

. - 106

- HIGH BYTE ADDRES§
"QVR  'LDAACR - @..,NexT CHAR 2.

LSRA

i

BCC OVR - *ﬁ“ﬂo VALT". o .
LDAA oRyt UGEES, ‘HIGH ADDRESS BYTE a
STAA X173 i.mSTGRE ADDRESS
_, DECB wggg.d!UNTER DECREMENT
. A
- LOw ADDRESS BYTE‘* S J
f_'LO0P2 LDAA CR . - ,NEXT CHAR

LSRA - “1' L
BCC LO0P2 No NAII S |
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LN

e
&

e | :jfjﬁl»  } S :w'* | ;_ ~i07~~'
LDAA DR. . /OBTAIN LOW- @ BYTE FRDM THE PC
0 T STAA X1+ 'SAVE LOW BYTE
. -DECB . ' COUNTER - DECREMENT .
o wxxt .ADDRESS INTO X REG
A. . REABING OF DATA INTO' RAM
LOlP3 LDAA- GR U NEXT CHARACTER
SLSRA
BCC LOOP3 -, NO,WAIT’
LDAA DR “READ DATA-
STAA 0,X . ,STPRE DATA
INX 'GET .READY FOR THE NEXT DATA
DECB . ,DEC COUNTER . ,
BEQ LOOP1 CNEXT LINE ~ . ' .
BRA LOOP3 . NEXT DATA '

; }
" = THE SECOND PART

= THE DATA TRANSFERED IS CONTAINED IN THE AUDRESS SPACE SEOOO
* $E3FF (ALWAYS) PG CAN THEN PICK ouT THE REQUIRED ONES

‘ORG $E350- I |
.~ LDAA #8303 MASTER RESET B -
°  STAA CR . B o
: DAA-#sss ' ,/16,.8511, 1 ST,NPR,RTS*HIGH,TRAN 1 DIS
| SYAACR - R o
U LDX\#SE000. ~  ;BEGINNING OF DATA . o
s LOOP4 LDAR CR . . .,CHECK TDRE . . .. LT
- BITA X$02 R A B |

BEQ LORPA .

e 'y

AGAIN LDAA 0X . :SEND DATA TO PC = - ‘
: : STAA DR’ | SO o
. JSR DELAY :De;i;fzgg/$c TO CATCH OPy -
S CINK - s Rl |
x CPX#$E400 -  :END-OF DATA 2 v
| ' " BNE LOOP4 - o | N ,
 JMP-RESET LEND . | -
, . R B |
« THIS 1S THE DELAY SUBROUTINE T N
) |
DELAY LDAA #§08 - V" .FIRST COUNTER: 4
" HERE LDAB #$FF .- . - :SECOND COUNTER
'HERE1! DEC B \ e T
7" BNE HEREL.
 DEC A by
BNE HERE T
CRTS

 END



13.1.3 1BM personal computer program for microprocessor:. -

-~ - communication. = . -
e KR N .
—_a » _\’t
“) 4 - ¥
10. * . o .“‘.' ERRTI

- 30 ‘This ls the. IBM pC Basic program to transmit and rocieve data vith the o
40 L -MC6802-DS .- s ‘ » S
so ‘.M. S T I S el
ZGO"Phogrammirs Ron Larson; Peth CIarkV Yoot :

70 * . T : S : e

80 CLS: KEY- OFF ‘ ‘ : S

80 'INPUT "Download prggram (d) or upload dala (u) ":K$ -

100 1F K$="d" THEN 160: - S S
190 IF K$#lu® THEN 540 - w~-"”; S P N
120-GOTO. 9Q T e S A
130 o R S

140 . R S T e :

150 ¢ T R R T S
_160"Subprogriuﬂto:tran;fcn ASCI! codes tgvxhd‘rcssoz-DS'for program download. — *
70 oL e IR 44 T AR
180 0 . Co PR < ;o 2

.'200+ A;~'0123455739Aacoss' N . SRR L=

".7.210 INPUT "Enter the file name for - dounwoadlng' rtLENAuss

- 220 PRINT “eespss Start DS procossing tnconlng progr-m "“""PRINT 'Typc Eeoo GO
230 INPUT "Are you' ready. "iR$ o ) ,:} b

240 IF,LEFTS!R: 1)=%y*® THEN 2%0 ELSE 230 . )
250 PRINT “Downloading commences. e R S

. 260\ OPEN FILENAMES FOR INPUT AS #1 . s IR C

270 WPEN *COM1:9600,N.8,1,RS, cs. DS CD' as #2 ) o

280 IF.EOF(1) THEN SO0 ‘f," : ‘.
290 LINE INPUT #3, STINS: PR!NT PRINY STINS:* .
300 IF (hEFTt(STINt 4)<>' Si') THEN 2!0 :

310 » . - . - ,’.
320 "Sk'p first tuo blanks ‘and’ 2 characters. Get' I.ngth ‘of STINS. into L.
330 Sond longth of. ltring ll the fir:t byto for proc.ssor (L- |) :
340 - -
3%0 SLS'MXD‘(STINS 5.1): SRS-M!DS(STIN$ G 1): GOSUB 480' L-D ! o
360 pnxuf #2, cuns(L 1).”:'th!! 1s lcngth of currcnt 1ine
- 370
. 380 !."‘ Tine’ convorting ovory ‘two hox charnctors lk‘pping last one . ¢
390 uhtch 1l th‘ chocksun J- s po.ltion !s strlng STINS : S
400 * - '
. 410 ‘FOR l-! T0 L 1 J'?‘(I !)‘2 SLSONIDS(STINS J, 1) SRS-MIOS(STINS 0*1 )
/420 - GOSUB 480: PRINT vz cnns(o) :
430 NEXT : ey
' 440°.6OTO 200 - . I .i,‘ = ,«f”f ;-
450" . ' ' T . O
. 460 * broutlno 'to roturn doctnal fron two hex charnctors-" R
470 ' : : . . :
480 0-(1NsrR(As SR$) - 1*(1NSTR(AS SLs) 1)‘16) :
;T 490 RETURN - ~ Lo A T
"800 PRINT- #2, cnns(zss) PRINY cnas(v) v SN R & o
' 810 PRINT . * idone.* . 0 . : A I
©  %20.CLOSE = -~ _ v4,. N e Lot e
830 END - s : ' LT P T
L. 540 INPUT 'ang.t f1le for dats trun:fcr on PC '~FS
.'980 OPEN F$. FOR QUTPUT lS 2 :
860 PRINT *Enter limits as decimal ‘count. of ncmory locati6n (Eooo-1)'
870 INPUT - "Lower lddrosl Limte (from base ¢ EOOO)" :
- 380 INPUT- "Uppor' Tmit: ) BEEEPY A
S0 PRINT *Stored addro:s rang- |s . HEXS(V¢51343!).' to. " HEXS(H0573431)
600 INPUT “ire y8y @ur- Q8 o i C ' v o
é'z\el; ) o .. vk, . . .. ‘ . ..."‘



.-G'O
620

IF. LEFTS(O$ 1)-'n' THEN 570

630 ¢

€30

. 660

670
680

1F- LEFTS(Q‘ 1)<> y THEN 600
g thig:sugprogfnm aﬁc@pts dl;i frqm-ucsaoz-os'bia'.tandaéa:as;zaz‘v '

"GBO‘PRINT*"°"“‘°' acgln oS dats dump’ prognan soquonco """""':

700
710
‘720
730°

. 740
o150
960

.- 710

780

.. 790"

800
. 810

" 820, NEXT N~ -

830

-840

'850

PRINT. ‘Uploading comnoncos.....:' “PRXNT 'Typo easo GO on 0s v1t -

1=0 S e T :
DIM X(1024) . S Lo -
OIM S$(f024) - - - - e I R
OPEN®COM1:9600,n.8,1,C5.03,Cd".AS #1 =~ T P
FOR I=1 TO_1024. = SRR ST :

ss(I)=INPUTS(1,#1) . . . 0 e fi[

X(I)=ASC(SS(T)) ‘ S T e
NEXT'I _ S S . R
PRINT "done.® S -
FOR N=V TO W

PRINT #2, N x(N) HEXS(N*57343') Hexs(x(u))

CLOSE . ' .
PRINT cuns(1) U
END .

.
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13.2 bigiti;atidn of ImpactNPrbgram'Q

NAM GR/ACIA A19

.#“a *'n * —

<< sysrem Dy
! l

| MNPTR EQU SE419
HEXBUF EQU.$E42C -
 DLSBUF EQU SE41D .
 PUT.  EQU $FOBB
. DYSCOD EQU $F120 .
UIRQV EQU $E43C -
L% T

. ORG $E000

cLI '

~ LDX #INTER . = -
 STX'UIRQV  ~ . e

- LDX #€YCLIC.
‘STX'M%FTR '

“TH1IS PROGRAM ATTEMPTS TO. READ THE AMPLIFIED GRAIN
IMPACT ON THE "SENSOR, DIGITIZE IT, AND. THEN SEND
~THE INFORMATION TO THE IBM/PC VIA- THE ACIA-

4

LDX #386D78 - DISPLAY ST

 'STX DISBUF
LDX #$7750 - ;DISPLAY AR
STX DISBUF+2

LDX #$7840 ~  :DISPLAY T-

~ STX DISBUF+4
’dMP{PUT o

CYCLIC NOP
RTS | |
,INTER SEI .
LDX #SE100 . {START
‘ jLOOP LDAA $00 - ;READ A/D
- STAA 0,X I
o INX o
' ﬁv-~~CPx.#$E4oo o
~ BNE LOOP

DATA SPACE

LDX #$7954  “TDISPLAY E

.7 STX DISBUF ; o
~ LDX #S5E00 - ;DISPLAY D
~ STX DISBUF+2 -« .~
' LDX #$0000 .~ ;NO DISPLAY

-S;X-DISBUF44 o ~
RT1 oo

v
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P

*

T ‘* THIS IS THE ACIA PORTION

CR EQU $E700 CONTROL/STATUS REG
DR © EQU $ET701 DATA REG -
* ' .

" ORG $E080

END

LDAA #$03 MASTER RESET
STAA CR R |
" LDAA #$15 /16, 8BIT, 1 ST.NPR,RTS=LOW,TRAN 1.DIS
CSTAACR ¢ R
LDX #$E100  ;BEGINNING OF DATA
Loopz LDAA CR . CHECK TDRE Lo
“UBITA #$02.
BEQ LOOP2 | L B
AGAIN LDAA 0.X - - - +'SEND DATA TO PC
, STAA DR O R
gsi DELAY ~  :DELAY FOR PC TO CATCH UP
NX - . B o . s '
CPX #$E400 - ;END OF DATA ?
. BNE LOOP2 o -
| . iEND.
e THIS IS THE DELAY SUBRDUTINE |
»
'DELAY LDAA #SOF S (EIRST COUNTER"
HERE LDAB #SEF =~ . = sscono COUNTER
HERE1 DEC B~ .
BNE HERET
. BNE HERE |
. % . : L



<ST3.34impact'Codhting Program for Single Sensor .. -

RN

*

 MNPTR

 HEXBUF
D1SBUF
. PUT
DYSCOD
UIRQV

. KYFLG.
COCNT-
|

.
\

NAM CNT SINGLE

EOU'$E419"
‘EQU. $E42C
'EQU SE41D

" EQU $FOBB

EQU $F120
EQU $E43C
EQU SE41C:

" my

f_‘@y

SYSTEM FOR COUNTING‘IMPACTS ON ONE SENSOR
K< SYSTEM P o

INTERRUPT VECTﬁR

EQU ssooo COUNTER

 ORG. SE00T ?7"
CCLRAGNT
- 6Ll

LDX;#INTER
STX UIRQV
LDX #CYCLIC.

"STx.MNPTR,

S,CYCLIC

- RTS

INTER

DIS

JSR'DYSCOD
JMP'PUT

NOP
LDAB KYFLG
BEQ RTS™

JSR DIS

RTS
INC CNT

- RTI

LDAA CNT =~

- SE1 .
"STAA HEXBUF+2

- JSRDYSCOD
_ CLR KYFLG
-END

" {START WITH COUNYER=0
 lCLEAR INTERUPT MASK

: 'NO KEY PRESSED, CONTINUE
"ELSE END : -

:ONSINTERUPT;‘INCREASE COUNT

\.

iDISPLAY COUNT.

ERET I



'.*
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13;4 Impact Counting Program for Mul;iple Sen%irs

s -

NAM MULT

* THIS® PRGGRAM MERELY COUNTS THE NUMBER OF IMPACTS ON EACH

* OF FOUR SENSORS = ot
= THE NUMBERS .ARE STORED. IN- MEMORY LOCATIONS DIST
“* THROUGH DIST#7 IN TWO BYTE ARRANGEMENTS.

***#******#******************t**********#***‘*‘******t******.
. Py
- . s .

e

o ADRESS EQUATES

*x
*

"t*t***t*******t*************ﬂ&****:***t****t***tt*t*t***#*tm

+ INTERRUPT VECTOR _
| UIRQV EQu sEA3C & -

R PIA EQUATES o

L DISBUF EQU $E41D .

DA EQU SE480 - S
“CRA . EQU $E481 ' .o R
‘DB EQU $E482 W
CRB EQU $E483 .

‘-~ MONITOR RAM

MNPTR  EQU SE419 .

‘» MONITOR ROUTINES I |
PUT | eou.sroae-. I e T e
. COUNTER@VARIABLES | | SR

o
X1 : EOU $00 :
XY EQU $02 W L :
-*:1:::::::&* ***#*tt**tttt*t*tttt#*t***ttttt#tttﬁtlt

- )
o PROGRAM INITIALIZA ‘ON : .
» . . . .
tt*#*#tt#*t**tt*t**t t*ﬂﬁt#tt‘t*t.ttlt*ltt#ttt‘t#t*ltt‘t# M
-~ DORG sooxo .
| oxsr RMB 8 q UNTERS_FORrSENSORSM_ -
. PRQGRAM,BEGINS N L o -
ORG $EBBS.

. OSEL l:*"':PREVENTiiNTERRUPTé WHILE INITIALIZING



= : R
* SET UP THE PIA N -
EJ
LDX #IHNDLR
STX UIRQV -
. CLR CRA .- . - ,
" . CLR.CRB . d}
-~ CLR-DA SIDE A TO BE ALL INPUTS
. LDA A #%00001101 ’ .
- .STA A CRA-
= STA A CRB
L : B IR L
- CLEAR VARIABLES L } S o >
*x . T : g T . .
Lo .CLR DIST
. CLR DIST+1.
~ CLR DIST+2
. CLR DIST+3 -
S CLR DIST+4
» ‘CLR DIST+#5 -
- CLR DIST+6 -
. i’CLR.DIST?7
s . L
* INITIAL START-UP - _

©LDX #$0050 e
 STX-DISBUF . =~ . A
LDX #81C54 -
STX DISBUF+2

LDX #30000 = T e e

"+ STX DISBUF+4 .
~LDX #CYCLIC s
CSTX MNPTR .
cLr o +CLEAR THE INTERRUPT MASK
JMP PUT . ;GD TO PUT ROUTINE - |

E __— CYCLIC PART .

CYCLIC NOP-
‘END 1S : L
**‘t*tﬂf ttttt***#t***#*tt*t**t**t*****t*t**n#******‘* :
- .

= o . .

‘:‘#‘*#‘*#t#l‘t*!‘t‘*..&*#**‘ﬁtt**t**‘*******#*&**#****t#‘ ]
'IHNDLR LDAA CRB . iDID S1 OR S2 CAUSE INTERRUPT?.

- BITA #%10000000 ;CHECK IF S1 | -

BNE ST S |

~ BITA #%01000000 :CHECK IF S2
BNE S2 . . N
“BRA IHNDL2)- . :TRY A SIDE

« INTERRUPT HANDLING ROUTINE .. . "?__- |



s

st LDAX DB. - e
QLDAA #SFE iMORE THAN ONE BYTE FULL ?
CMPA DIST+1 ~~ .
BNE NO = R
. INCDIST -
.. NO - INC DIST#1 - ;HIGH .BYTE
' SR L -
s2. LDAA DB
o LDAA #$FF
CMPA DIST+3"
- BNE NO2
A INC DIST+2 , |
.~ ND2 . INC DIST+3 S
| ﬁ?~ CORTL °

IHNDL2 LDAA CRA  :A SIDE, DID S1 OR S2 CAUSE - INTERRUPT?
BITA' #%10000000 iCHECK IF S1 | N
~ BNE 'S1A
. BITA #%01000000 CHECK 1F 82
BNE S2A ,
RTI . | 3

: t .

" StA . LDAA DA -
< LDAA #SFF

'CMPA DIST+5
" BNE NO3 -

" INC DIST+4

NO3 -~ INC DIST+5

CRTL '

~ S2A . LDAA DA

: - LDAA #SFF :

. CMPA DIST+7
- BNE NO4

. INC DIST+6 _ ‘
. NDO4 INC DIST+7 L L =

- T RTL ' ‘ S ’

~END



. %

13 S erld Test Progtam S .7 S .'Lr;ﬁvj_“mfx“.‘:'
NAM LAB © “-;jr_ ey

o LI . S »;" :

THIS PROGRAM MERELY COUNTS THE NUMBER oF - !MPACT? ‘ON EA H
OF FOUR -SENSORS MOUNTED ON THE STRAW WALKER ASSEMBLY AF

THE FARM. THE.NUMBERS ARE STORED IN MEMORY LOCATEGNQ Dl&pa
THROUGH DIST+7 IN TWO. BYTE ARRANGEMENTS. :

ta*t‘w**tt**:t:***tt***********t**:******t***#***tt**#*t**r a‘j

© ADRESS EQUATES

.. niln N R

:a:nu-a:u*n:**n-tnutnu:;***r*r.xrxx*******‘*x;*******x*xxx**au.x*xlri".-_
« INTERRUPT VECTOR | A JRER S
,uxaov EQU $E43C ‘

o PlA EQUATES

~ DISBUF EQU $E41D

DA EQU SE4B0 B
CRA ,;Eou-seae1, , .
DB EQU $E482 o
CRB ~ EQU $E483

"eglt MONITOR RAM-

MNPTR  EQU 554194

""- MONITOR ROUTINES

”_;pur EQU SFOBB.

3- 'COUNTER VARIABLES

S x1 ~ EQU soo
XY . EQU $02

‘*‘*t*‘“.*.‘#*#**t***#tt***t******#*********************" .
®

- PROGRAM INITIALIZATION

-t:t*nttttttvtt#tttttw*ttt*:*t**t***::**tt**§****tt;:m*t*-
. ORG $0010
DIST RMB 8 _ ‘ CUUNTERS FOR" SENSORS

PROGRAM BEGINS

(SEL .' ;PREVENT INTERRUPTS WHILE INITIALIZING
SET".UP THE pr S T = R



LDX

; LSIX

-~ CLR

T CLR
" Lpa.
- USTA 4

‘ﬁ
l

=

CLR

STA A

L N

*_ CLR
“CLR
CLR

' CLR

#IHNDLR %

UIRQV

CRA.- . .

CRB
DA

A #%00001101
ACRA

a A CRB
. * CLEAR. VARIABLES

-CLR
CLR

CLR

-~

SIDE A T0. BE ALL INPUTS

DIST o
DIST+1 .2 . .
DIST+2
DIST+3
DIST+4
DIST+5

INIJIALIZE‘COUNTERQB

LDAA #SFF
CSTAA X1 s
LDAA #$20
STAA XY. -

INITIAL START UP

Lox-

#50050

s ¥: GISBUF  * -

. LDX
.STX
LDX.

STX
LDX
STX

. .CLT
- JMP

CYCLIC PART ;7;33 e

DISBUF+2
#3$0000
DI1SBUF+4

#CYCLIC

MNPTR
PUT GO TO:PUT ROUTINE

: CYCLIC NOP

END-

“LDX

DEC

BNE
- COM.
DEC
- BNE

SEI
STX

' LDX
T 8TX
RTS

Xt - T
END e
X1 . A
XY o .

END .

TIME up

#$0079 "f DJSPLAY END.

DISBUF

#$545€

DISBUF +2

-»CLEAR THE INTE RUPT MASK

o



-~ N v‘ . . - - . !
- INTERRUPT HANDLING ROUTINE
RS ,
T :u:tt*t*wttttt*ﬂttt*ttt*t**t***t#*n*t**:**ttt***tt***t:
IHNDLR LDAA CRB_ -~ ;DID S1 OR S2 CAUSE. INTERRUPT°
BITA #%10000000 CHECK IF st _ o
BNE S1 e : ', v .
- BITA #%01000000 CHECK IF-S2 o v
. BNE S2.- - RN ' A ‘
 BRA.- IHNDL2. .  .IRY A SIDE

A LDAA DB S Sl e
o LDAA #$FF.  :MORE THAN ONE BYTE FULL ?
CMPA DIST+1  — = = ¢ ' '
BNE NO B '
. INC DIST R B | |
. ND INC DIST+1 . - :HIGH BYTE R
-’82 LDAA DB. ° S L |
- _LDAA #SFF
CMPA DIST+3. L
- .. BNE NO2 , : | o
- ~ INC DIST+2 R - L
NO2 INC oxsr+3~ S R - B ‘
ST ORTL S RN IR

IHNDL2 LDAA: CRA VA E DID S1 OR S2 CAUSE INTERRUP
- 'BITA #%10000000 :CH CK IF 51 '
BNE ‘S1A. o L
. BITA #%01000000 CHECK IF 52 ' ,
'. g!ﬁ S o T o

N R 5 2 T .
- T7s1A * LDAA DA,
. " LDAA #S$FF

CMPA DIST+5

BNE NO3

. ING DIST+4 -
NO3 DIST+5 .
~ RTI |

S2A- LPAA DA S
“ " LDAA #SFF | S
CMPA DIST+7 N o
~ BNE NO4 L e
~ INC DIST+6 . S
NO4  INC DIST+7 ° -
~ RTI

118 1



14. APPENDIX 111 DATA

Table 14. 1 Separat1on Data (adapted from Boyce et
o al. 1974) ~

o ,Tray.# Collection Separatlon Rate . Rehaining )

~ (% total) - ) (kg/m) o (% total)
. L ; . - y E ~ T _.A.’\.. v vv -
(start) ' _ i P - 36.00
IR 1.18 . . 3.9 34,82
2. 6.3 20.8 28.48
3 7.62 25.0. 20.86
gl 4 6.91 22.7 13.95"
e § © 5,23 - 17.2 8.72
B g © 3.56 1.7 5.16
7 2.56 8.4 2,60
8 0.68 2.2 1.92
: A e
.
. N
WA ¥
4
119



45

3

- B - N \U .
8 ?
Ly 8) T YT B TCT " i) 66°CH 66 ¥L'TV €8 16°L 001 4P'EL 6L LT L ¥EL L EVO)
Iz 9T 61 91 TB LT ZOs SO'¥l 96 OE'¥ ZH SP'9) - 06 19°C Til 98°6 . ¥6 66°6 S01-68° 9.
LT €T LT T L6 K6'6 96 z6°C €6 9C'¥ I8 90°C &6 €r'9 08 €£Z'T ‘v6 €9°6 96 oy
. PE 9 TT 6 16 BE £ . o 100 S9°9 €6 LS'T" 96 19°6) 8L LL'b. 101 ¥89 98 S8y 18 were
€1 L1 1€ € 8 bt ¢ §41 SPTOT  £OI €9°65 SO ZEIE  4OI 900K L6 LS'F 6. TZ°9 €44 PT'SHL ¥6 S6°F- 00} 09°L
6z ZV SV LC. €6 62°G SO 90°0Z 66 9T'6) S6 1C'€  Olb yT'GL SOV 96°T) 68 Gr't €8 LL'V @6 -ES°4L 66 66'S
(T VZ 6 Lb PB GYE L6 'EE'LY )6 P9°9) ¥} SE'6 L6 g1'¢ 68 B6'E. L6 ‘g) - »OL 9T°G 98 09°S 90V 8L'6
Gz Tz 6Z LI €6 C)'S 66 Bp €l €6 p6ZL 08 6S°) €8 €y-Z. %8 .Ei°L TR@LL’9  Mb) LTTH. 9 6E'T 6L WO°C
9€ L1 94 VT 06 Vv G v8 vE'OL 6L €66 L9 oc’t 6L 10'T .6 9B sy 8LF 8L L6 SI°'C 46 €O'¥  vOI Zr'S
6 6 8z 2Z 86 "9v°L . 86 66°6 C6 S§°6 901 11°S 00} SE'S  TO- Fi'By 96 S1°'9 86 95°T 8 ¥Z'T. £OI vO'9
9z 07 . LC 9 66 98°0F €6 66°'8 .68 €98 I8 60T ' v8'@Q°T. 08 v’ 101 8¥'91 BE 89'r 4L 09°C T8 ST
82 VT vE 1L v6 60°91 66 18°9 68 -€9'3 Til I1Z°8 GOY 86°C) - 06 TC'L  ¥6 wyy'L OIL B¥'E 6 Gv'6L 901 65°9
\€ ZZ 9V OC 66 Li'vi 6§ 9r'9 'v8- T'9 .66 86°6 B6 gr°L OV} . B1°9 86 LS 86 8S'L €8 Lc'9 .88 .S0°T
67 Ly 8Z vz 86 B 61 L8 €T°9. T8 B6S B PC'EV 9L Or'ZT 041 €9°9 b6 10°'S - 48 JE'T §L €0'T L SO'Z
L QE 6V 24 EE Y6 84°E° 66 1S'G 68 6Z°S 00N 80°TI . I8 '00°c* V9 O8'S ve LT'CT -S8 09'Z. 16 OL'L €8 yo'T
.TT TE 42 9T 1OILE'C €8 SL'S BL PpE'v ‘€6 SL'9 aL e6°'F €6 98°9 06 06y Oil I6°CH ¥ 6)'T S6 s’V
€c BZ €V LV- VB OL €. 68 65°v 08 - lr'y - G6 8L°C TO)N OO'}) 66 -60°C. 96 '9v T SOl 69°Ei 69 98°'¢ ©O6 9L'E
Oz L) T+ OZ 6L Zr'C 68 GO'v OB *68°C 8L PE'T 1O} BO'ZI 06 8% 86 ST M) .18 19°C L8 60'C Tii Le'@
oF Z1 i) 1Z 98 Br'Z . 6L tO'p, vL 88€  LOL TV'6 S8 L'T €6 vL'T 86 96'C 868 6E'9 €6 r0'Ol 66 10°L
.G LE PZ VE L6 rB1 b6 V6L B8 BL'E 66 OE'S V6 (6'r ¥8 SC'T LL V6°F S8 $€°T - LL LV°T - 001 .BE'S
0T 91 ST LT . 88 98| L o6 IL ES'E - TOI 6I'E 98 SZ'T 96 Z6'ZI 8L OI'T 66 LO'I1. QOF 05°9s 98 9T
8E V€' 8T €Z L6 00’9 /68 &v'E. r8 SC'C 001 OL'S 601 L€'9 6L Sp'T ¥6 LI'6 16 60°F #6 TO'S 601 199
TT 6L ET TV 9L 81} @ zv'c 8L BZ'€E €8 TT'T 98 $°C 00 Ii'p " €OI 9T'6 LB LS'T ‘9 ep°T 89 LT
6z Lz.8) L 88 r6 z 28 10'C .. 68T 101 OC'® TI) Ov'G) ‘€Ol ET'6 66 yL'S- - TOL Ty O1 #6 SO'O) 601 fZ 9}
LoAm, €T b (w) A8y le) (8) (x) (85) (v} (8) (x) (¥) (#) (8) - (¥) (%) (r) (%) (#) £8) (#) (8)
VUD JOSUBS . JUD Bwil  JUD BWEL  JUD Swil . JUD Wi JuD BWyl . JUD ewil JuD Bwp)  IUD Swi)  UD W ] U] Swy)
170W. MISOSY 2S06¥ 100 W08 808 sy . WSy a8y - .WOb
R . : _ ) . : Ride _
. ‘#19Q 1501 UO}INIUS| IO JOSUSS T ¥l &QVL
L] . - - .
A b



RELS

Table 14.3 De%ifedeébofétOry Test‘Tbroughput'Daté.

3

~ Grain ~ -Straw @ - Total - j-fG:ain/Strawf
(kg/min) (kg/min) = (kg/min). (t/n)

0.429
0.333
0.273
- 0.571
0.448
0.364
0.714
0.556
0.455"
~ 0.857 -
_ 0,667 -
T 0.545.

i -~ . -35 50
157 45 . 60
15 . ‘55 70
20 35 _ 55
20 .45 .. .65
20 - 5§ . 75
28 138 6D
25 . 55 . 80 -
30 . 45 75
- 30 85 - B85

e ® o & 6 ¢ © o & o @
]
2

W W W WP W W
LMV ONOVIOWN OO
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.Separation Rate ( kg/m ).

~ Separation Rate ( kg/m )
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”f' 16 APPENDIX v nxc:rxzamxon OF FUNDAMENTA&«SENSOR SIGNAL-F

2N

Progress was made d191t1z1ng sensor 51gnals from '
dlscrete 1mpacts u51ng the m1croprocessbr system.-Refer to l
Appendzx I Flgure 12 2 for the c1rcu1t dlagram and to :
F1gure 16 1 fon the block dlagram of the d1g1ta1 s;gnal o
V proce5551ng system dgicr1bed below._S1nce the 1n1t1al sensor
51gnal 15 normally of very low amplltude, and the '
p1eaoelectr1c crystal has 11ttle ab111ty to source current
pre d1g1t1zatlon amp11f1catlon was necessary. A d1fference
amp11f1er (1/2.-51458 dual operat1onal ampllfler) was
employed w1th hlgh ga1n produc1ng a. full scale slammlng
effect of the amp11f1er at, or near, maxlmum sensor output.v
The resultlng 51gna1 was an- amp11f1catron-of the dlfferenCed
1n potentlal across the plezoelectrlc crystal as the 51gna1

'occurred. A,potent1ometer 1n a voltage d1v1der c1rcu1t

1L confxdﬁratlon provzded basel1ne pos1t1on1ng of the ampllfxed

: stgnal and. placed the response 1n the range of 0. 0 to- +4 5

~ volts. Plate 16,1 shows a photoqraph oﬁ a typlcal ampllfled

-

.«

of the sxgnal character15t1cs,'such as frequenc1es, duratlon
of 51gnal and 1mpact type dependant amp11tude var1atlons .
f; were malntalned after the amp11£1cat10n. No part of the o
pre~amp11£1cat1on altered the s1gnal characterlst1cs other'
than for’ magnxtude and pos1t10n1ng to make the sxgnal‘
compatlble w1th the remalnder of the dlg1t1zatlon c1rcu1try
“‘h Convert1ng the voltage sxgnal 1nto a d1g1tal L

SELEE b
v,representatxon was accomp11shed by a’-‘~

7:gb;7>

- 136

"sensor sfgnal for a barley kernel 1mpact The major aspects-ﬁd



__ | ampLiFl -
CATION |

INTERRUPT. | -~ [aNaLoc |, ¥ .
GENERATION | - |DIGITAL [

. {CONVERSION '

IR -';MIVCR,O?-‘rﬁ
. _7|PROCESSOR|

S
A T
"

Figire 16,1 Digital signal Processing Block Diagram.
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>:m1cropro | sorlcbntrolled analog to d1g1tal (A/D) converter
:(AD7574 Analog Devacks Iﬁg,, Norwood MA ) The A/D
ifconverter was an elght b1t,‘eocce951ve appr0x1mat1on,_hlgh p"
flspeed m1croprocessor cdmpat1ble dev1ce. An adjustable .
»'reference voltage from 0. 0 to -6 0 vplts was 1mplemented to\ ;d
{Tut111ze the full scale representatlon of BO,‘ (128w), at |
%+4 5 volts. The resolutlon was 35 4 mllllvolts/blt Ch01ce f
lof su1table re51stors and capacators 1n the t1m1ng network
(F1gure 12. 2) y1e1ded a conver51on t1me of about twelve -

1

_m1croseconds.

The m1croprocessor controlled the 0ccurence of.

’_convers1ons by ask1ng for a converted voltage

'representatxon at a constant rate. The ask1ng

v
%
o

‘*'performed everytxme the m1croprocessor attempted ‘to. read any

~memory locat1on 1n the range 0000“ to- 7FFFW. Address llne

'15 is low for thls range and no other, therefore the l‘ne l

’hcould be used to tr;gger the RD# 11ne of the analog t%ﬁ :

——drgrtal'converter. All other £unct1ons of the m1croprocessor'
' were performed at memory locatlons where the,addméssfllne 15{.__
',was high, thus no confllct exzsted The data lﬁﬁes of the |
‘.converter were txed dxrectly 1nto the data<%;nes of - the

ﬁ}‘l’v
_microprocessor through approprlate buffer ‘ The data 11nes

¥ 14

’ were read by the m1croprocessor and dﬁ}g ﬁfaced 1n memory ‘at

every convers pn. A program loop w?§ executed contlnuously,: :
;.recordzng”the'dxgztal voltage Eroﬁ the sensor s1gnal as- |
‘iquickdy as ﬁhe cOnveerons were takzng place. Max1mum

"l /.2

;torage for data was 768 p01nts, each w1th e1ght bltS. The




4

trace duratzon was about 6 4 mllllseconds; wh1ch was o

.-sllghtly less than the complete duratlon of a typ1cal gra1n-QH

‘ The above ﬁe of data retr1eval was 1n1t1ated by

::an 1nterrupt caui” the f1rstzr151n9 gdk of the sensor ;l~:};f

-‘srgnal A NAND gate (1/4-- 74LSOO quad NAND) was used to

'convert the flrst rlslng s1gnal of the sensor 1nto&%{‘
?negat1Ve pulse on the 1nterrupt p1n of themmrcroprocessor.,f7ii
bThe flrst edge was exclu51vely respons1ble for the 1nterrupt‘
as1nce 1nterrupts were d1sabled 1n software after the f1rst d
¢ . ’1

'one occurred Refer to Appendlx IL,qsectlon 13 2 - fo rﬁr‘ %j
»program llstlngs and descr1ptlons.. v‘/" '}V-;.‘,‘f

' The data thus obtalned were transferred to an-IBM

,,,,,

personal computer. The data were plotted us1ng LOTUS 123

O
A

software (LOTUS Development Corporatlon, 1985 Cambr1dge,w
”Mk). A typlcal gra1n 1mpact, captured by the dzg1ta1 51gnal

«process1ng system, 1s shown 1n F1gure 4.1, The sxmxlarlty

:1between Plate 16 1 and F1gure 16 1 shows that the actual

,‘Slgnal was 1ndeed captured by the system. W1th a more _

‘powerful and faster m1croprocessor system, software could be o

. l

developed that would descrrmlnate between graln and

<

non-grain 1mpacts.. S -'.7, R f L
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Plate 16 1 Ampleled Barleygmpact S1gnal (Amphtude 4. SV

'I‘1me base lms/dw)



