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ABSTRACT L

v

’

An accurate measure of grain'loss\frpﬁ straw walkere is
requ1red to allow optimlsat1on of harvester feed rate and
vground speed control. A 31ngle loss monitor at the end of

the straw walkers 1s not sufficient to g1ve an accurate

- measurement since the loss depends. on the amount of

separat1on that has already.occured. By measuring grain
separatlon at three locatxons along the straw walkers,
together with thc,gra;n separatlng at the end of the
"walkers, an apprc;1matlon of the separation curve could be‘
obtained from which grain loss could be calculated. A series
of experinentS‘designed to test these ideas was carried out
in the laboratory by feeding pre-measnred/mixtures of grain
and ster over a set of straﬁ walkers. Separation curves
were construeted from the weights of grain collected in ,
trays under the walkers, and used to develop and verlfy
algor1thms;for predxct1ngcgra1n loss on the basis of
‘separation at two or three points‘along”theustraw walkers.

As well, data loggers vere intertaced with a number of
~conventional grain loss sensors located under the straw
.walkers to' measure separation. Data from the sensors did not
sucessfullf replicate the'separation_cerve derived from the
weights ofkgrain cbllected in-the trays. If sensing and
signal processing ciTcuits couid be'deéeloped and

implenented to correctly define the separation curve, the

iv



use of an on-board microprocessor using the pre-determined

algorithms to calculate straw walker grain loss seems
' \ B \ v

[

.

feasible, ‘ _ ' -
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1. INTRODUCTION
Over the past‘fewvdecades grain production has
benefited greatly from *increased technxcal knowledge. Plant .
breeders have developed hardier and higher yielding crop

r
varieties, soil scientists have developed'more effectlve

fertilizer ratlons, and agr1cultural epgineers have
hdeveloped‘harge, hlgh‘capacxty farm1ng%§hu1pment. One such
piece of e%uipment is.the highly mechanized grain harvester,
commonly ﬁnown as the combine. Comblnes have evolved from
labor 1nten51ve, stationary threshing machlnes ‘to expen51ve,
mobile maéh1nes~controlled-by a single operator.

| The h1gh cost of these machines and the 11m1ted amount
of time avallable for_the harvestlng process, necess1tate
‘that maximum performance be obtalned_fromtthese machines
whenever possible. Msximum perfofmanoe requires that optipum
settings of machine paraneters and ground speed be known,
éndlused, for a particulaiaorop condition to deliver optimum’
grain quality at acceptable grain loss levels. Consequentlj{/

various control mechanisms have been developed in attempvs

to select automatically machlne sett1ngs and/or ground Speed

v

in response to sensed crop cond1t1pns.

Some control systems are dependent>on either an
indirect or direct indication of grain loss. -
' Currently-available grain loss-measur{ng_techniques are. of Y
limited useyas they sense only the amount of grain
sepatation OCourring at the end‘of the straw walkefs or

1
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cleanlng sieves, Therefore, an 1mproved sxstem that would #
accurately. relate the separat1on at these b01nts to the
total grain loss is requ1red..Thxs the51s dlscusses work
carried out to test a proposed grain 1oss‘measurement‘sy9tem

mounted on a set of combine straw walkers in the' laboratory.

) . L)
1.1 Grhin'narvesting Terminology | A////‘
Grain-harvesting, or combining, is the process of
remov1ng the grain kernels from the: plant ear. and/or stalk

- oy

and collectlng the kernels for subsequent storage and
\ ‘
consumpt1on. Grain, in this the51s,'w111 refer to the Seed

of cereal crops‘iuch as wheat, . oats, barley, and’ rye.

S~

\

Appendix A describes the operation of a conyentlonal-type,
combine as shown in Figure 1.1. The term "conVentionaI-type"

\

refers to those comb1nes which have a thresh1ng cyl\nder,

T

which loosens the grain from the crop ears, with a
. horizongal axis perpend1cularltg the flow of the crop, and a
set of oscillating racks,\\nown as straw walkers, which
separate the threshed grain from the straw. Recently,
rotary-type combines have gained popularity. Rotary-type
combines_featnre one or two threshing and separating rotors
with longitudinal axis parallel‘to the crop'flow. These |
rotors replace the threshing cylinder and straw walkers of
the conventlonal type combines (see Figure 1. 2). The work
described 1n th1s the51s is appl1cable to convent1onal type

combines,' however, some research spggests that similar loss

N

w



W3

(1) Pickup
(2) Table Auger

(3) Feeder Elevator

| j
(4;625F§shingCylinder
(5% LConcave " :

-(6) Grain Pan'b
(7) Rear Beater

'(8) 5eater Grate.

(9) Straw Walkers
(10)
(11)
(_12')

(13)
(18)
(15)

Cleaning Shoe
Straw Chopper
Cleaning Sieves

Cleaning Fan %f

N .

Grain Tan
Unloading Auger

@

Figure 1.1 Conventional Style Combine Schematic

(adapted from PAMI, 1981;
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(A) Rotar

(B)yrﬁrggﬁing Concéves
. (C).§Eparéting Concaves

(D)‘;;ar Beater

(E) Cleaning Shoe

(F) Tailings Return

Figure 1.2 Rotor'Style'Cémbine Schematic

(adapted from PAMI, 1979)



detectioncprincipies may be applied to rotary-type combines
(zoerb et al., 1984).

In both c.ombine types there are various sources of
ggain loss. Combine grain loss is defined as that portion of
thé grain existing in the windrow or standing crop (in the
case of straight-cut combining), which does not end up in

: theugrain tank in an undamaged state. If the crop is too
ripe, or the_pickup or reel rogational speed is excessive,
;ome pf the grain may shatter out of the ears onto thg
ground as the crop is conveyed into ihe combine.:This
poriion of the total Qrain loss is often éeferred to as
hegder 1o;ses. \ |

If not properly adjusted, the threshin§ cy{ihdef also w\\

can be a source of excessive grain loss. Excessive thre hd¢5
action (i.e. cylinder spéed too fast and/or .concave ;///
clearance too small) wil& tend to physically damage some of
the grain kernels. This loss is known as breakage loss.

1f the threshing action is insufficient (i.e. cylinder
épe$d too slow and/or concave clearance top great), some of
the kernels may not be loosened from the ears and will be
expelled out of the combine intact with the straw. This type -
of loss is known as th{eshing loss. betectioﬁ‘of header,
breakage,gand thresh{ng losses is difficult to achieve )
except by careful evaluation of the crop stubble, grain
sample, and the combine effiuent.straw respectively.

Grain loosened from the ear, but still remaining

unseparated‘from the straw mat as it»passes over the end of



the straw walker is known as walker loss. Walker loss
generally is éonsidered the most significant of all forms of
combine grain loss (Goss et al., 1958; Nyborg, 1964; Zoerb
et al., 1974) and can be as much as five to £i££een percent
of the grain,in the crop (Nyborg, 1964; Huisman, 1983).

_The grain expelled'ﬁ&th the chaff. over the'iop‘sieve of
the cleaning shoe is known as sieve loss. Sieve loss ofben¥
results from excessive fan speeds or the over loading or
plugging of a portion of theusieve. , _ , .

Nyborg (1964) showed that both walker loss and sieve
loss wete'related to the G/MOG ratio and the feed rate of
the crop. The G/MOG ratio is the fatipgof the weight of the
grain to the weight of the materials'§;her than grain in the
crop entering the combine. Materials other than grain
includ; straw, chaff, weeds,_and other foreign materialQ Thé
crop feed rate refers to the total weight of the graih and
mate:iais other than grain ehteringAthe combine per unit
time. _ o —~

Figute 1.3 illustrates the flow of grain and crop
matetial through a conven;ional—type combine. Threshing,
walker, and sieve érain losses occurring during fhe'
harvesting process are depicted schematically. The dete¢tion
- of the above types of grain loss is required for optimizing

combine performance.



Grain [:] Straw “
Harvesting Process Losses
A) Cutting/Pickup i) wWalker Loss
B) Transport ' ii) Sieve Loss
C) Threshing iii) Header Loss

D) Straw Walker Separation

E) Cleaning Shoe Separation

F) Grain Storage ‘ 5 - =
G) Effluent Discharge “

S

Figure 1.3 Flow of Material Through a Conventivnal Combine



1.2 The Need for Monitoring of the Combine Harvester

-

Opt imum performance of a combiﬁt occurs at machine: \\
settings which allow the highest throughput of crop materxaf
at an acceptable‘loss level ~Crop throughput is determined ‘f
by the combine ground speed, while loss levels are governed
‘by the adjustment of machine components in response to the
crop feed rate. The optimum:-adjustment of machine components
such as cylinder speed, cylinder-concave clearance, fan
speed and siae of sieve openings usually are determined
from the evaluat1on of the crop stubble, the grain’ sample
obtained, and the combine effluent, as, or after, the
combine is operated in a representatlte sample of the crop,
at trial machine settings and ground speeds (Gullacher and
Smith, 1979). Operator exper1ence and manufacturers
guidelines (e.g. International Harvester Co., 1984) prov1de
the basis for the selection of the trial settings.

As it is practically impossible and economically
infeasible (McGeohan and Glaseby, 1982; Huisman, 1983;
szlufy and Stone, 1983; Palmer, 1984) to operate a combine'
at a zero grain loss level, usually the combine settings and
., ground speed that deliver an acceptable,wor optimum, grain
loss level are chosen. The above authors suggest that there
is an optimum combihe grain loss level at.which the total

harvesting losses are a minimum..

The getermination'of this minimum {evel requires

¢ o

consideration of riot only‘the grefﬂ losses, but also of
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. economic losses arising from the time required to complete 4‘\

the harvest, the costs of grain drying and/or grain quality
deterior:tion, and machine operating costs. As an extreme |
example, a ’‘combine operated at a near-zero/grainfioss }evel
would travel at such a-slow §round speed that labor, fuel,
and m;:hine costs, not to mention the costs arising from the
risk of not completxng the harvest without extra graxn
dryi;g or crop deterlorat1on due to inclement weather, are
likely to be much greater ghan the savings realized by-théf
reduced loss levels, Therefore,'economic and climatic
conditions must be considered by the operatof vhen choosing
a desired grain léss level at which to qﬁerate.

Once the appropriate machine settinés have been found,
‘ thg operator must attempt to;maintain, or keep below, the
- desired loss level by maintaining the associated:feed rate.
A ﬁear constant crop feed‘rate can be maintained by
adjusting the gfbund spéed of the combine in response to
variations in crop stand densify; However, crop properties
‘'other than feed rate, such as G/MOG ratio énd moisture .
content, have an‘efféct on thg'amount of grain loss. As

these properties vary, the feed rate’asgociated with a

particular gfain loss level also will vary.

The sensing of the crop properties menticned above, and

the control of machine parameters in response to those crop
properfies are Complex tasks. Instrumentatioh showing the
status of crop properties and machine_parameters would aid

the operator in accomplishing these tasks., Howeéer, to dhte,

™
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’reliible on-board crop moisture and G/kog ratio sensors have
noé been developed. As an alternative, a direct indication
of walker and sieve grain loss, along vwith an understanding
of the relationship between grain loss and crop feed rate,
would allow the control of combine harvester ground speed‘in
response to changes to any erap veriebi‘ ‘affecting that
grain loss. Such control is usuaily reatized manually by the

‘operator, however, automatic ground speed controllers have —

been developed recently. ’

1.2.1 Operator ground speed control . i(p_
. | ,

Operator-controlled -ground speed adjustmenis are

*

usually based upon some perception of grain loss. To provide

%

the oﬁeretor with such a perception, numerous grai; loss
monitors, based on that developed by Reed et al. (1968) are
‘available and are in common use. When a combine is equipped
with a grain loss monitor, detecting walker and sieve grain _
loss}’the operator williselect a ground epeed resulting in a
monitor reeding that approximates the reading’obtained when
operating at a previously éetermineﬂ grain loss level. The
effectiveness of this type—of control is limited not only by
the intelligence and experience of the;operator responding’
to the grain‘loss éignal, but also by %he accuracy of that
signal, which tends to bellimited (PAMI, 1976a*e} Gullacher,.
1978; Gullacher and Smith, 1979: Huismah, 1983; Ceober,,

- 1984). ‘ o |
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Grainmloss monitors, as used todey onkconvehtlonal
combines, detect grain kernels separating from the straw or
_chatff just past the rear eqd of the straw walkers or
cleaning shoe. The sample of Kernels detected at those
points is assumed to be a constant percentago of the“total
number of kernels passing over the end of the(galker or ~
;leanlng'shoe, respectively. In the case of straw walkeri,
thiS'assumptjon has been proven false vhen t;;tedovarxthe
full range of normal combine operating conditions (Gulf&cherA%"
and Smith, 1979; Huisman, 4983[.

Also, the theoretical weakness of this assumption is
demonstrated by considering the separation characteristics
‘of the straw walkers as illdstrated in Figure 3.2, The glot
of grain separation along the extentkof‘the,straw walket:j"\\\
has been shown to decay exponentially over the rear portxon e
of the straw walkers (Zoerb et al., 1974 Huxsman 1983),

‘The form of thzs exponential decig_curve is determxned ‘by

the G/MOG ratio, crop and grain moxsture content, and other,i
1ntr1ns1c crop. propert1es such as kernel size,-wezght, and
roughééss (Zoerb et al., 1974 Hu1sman, 1983). Walker loss

is represented by the area under the separatlon cUrve ' *ﬁ

- extrapolated past the end of the walkers. Both the equatlonkw
. of the curve’'and the distance from the po1nt where

separation becomes exponent1a1 to t?f end of the walkers,
need be- known to. calculate walker loss. Present systems
detect only the grain separatxng_at the end of the valkers,.
and do not consider :he shape of thelseparetion curve.

-
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?¥ Hu1sman (1983) 1ntroduced a pr1nc1ple for ap 1mproved

L
4 at’ var1ous po1nts under the walkers.

gra{ los monxtor by suggestrng that grain separat1on ' \
sno’@ be meas 4

These measured se;a?a§3on values then may be f1tted to a
curve of exponent1al decay form, and the equatlon of that

IR
.curve be calculated Once this curve is known, the gra1n

vrloss may - be calc‘»ated by 1ntegratxon over: the approprlate

range. v ; |
A major draybac,;of grounddspeed control based‘on'grain

”llossfindicatiqn isféhe'large time delay between a grain loss

dread1ng and the sensed effect of ground speed changes made

as a result of that read1ng Palmer’ (1984) estxmates this

‘time to be 8—10 seconds This limitation also affects

automatlc ground speed control systems, however‘recent

| developments have been made by Leflufy and Stone (1983) thatE
~attempt to c1rcumvent this -problem. |
@ R : TEUR

1.2.2 Automatic ground speed control

o

Numerous attempts at automatlc ground sgeed control",

,’have been made tn the last thlrty years. Many system&
‘cons1sted of rather ‘crude deviceg which converted an
electr1ca1 or mechanical sxgnal of feed rate magnltude into
a hydraullc actlon on the var1able ground speed dr1ve of the
mach1ne (Dymn1ch 1956 Nastenko and Gurar11, 1959, \
Mlkhaxlov, 1960; Bogdanova, 1960; Gulyaev, 1960; Fefffer}'

£
1964; Zoerb et al., 1966; Brouer and G°55n41970)! Bimer

R
anmt.
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(1974) supplemented ground, speed control &1th thresh1ng
yl1nder speed controlﬂ’also 1x response to a feed rate

sersor's electronic signals. Reedaand Grovu; (1969)
controlled ‘ground speed hydraul1cally in gesponse to

electron;c 519nals obtalned fro;K§{§1n loss mon1tors.

With the exception of Reed‘and Grovum (1969), the

control actions of the the above sys.t?:ms were based on thek
assumption that a feed rate exists at which an optimum grapf
loss-level is achieved. However that feed rate Will vary
for abgiQen desired loss level as the moisture cont .. and
other crop propertiesk(i.e. G/MOG ratio) vary. The =fc
.for these systems to be effecti‘eﬂ combine operators ~ould
need to be able to sense varietions in moisture content and
other. properties. More importantly, the contrdﬁling .
mechanlsm must be‘intelligently altered to realize the
qorrect_ feed rate .as the properties other thﬁ,crop‘ denmt;'_\\
hchsnged. The system developed by Reed and Grovum (1969),
whloh/directly sensed the walker and shoe gpain loss, was
limited in effeotiveneSS‘by the accuracy of the Qrain loss‘
reading. Also, the time dela§ between ; feed,réte signal and

i

‘the grain loss resulting from that feed rate, céused :
sluggis?—and#orerratib response. » : “ / o
Reoent‘microprocessor-based fedd rate controllers

(Famili, 1983a; LeFlufy_and‘Stone& 1983; Krutz‘and T
Mdilldnder,.1983) appear more effective thap thd earliér
nsyStems. The microprocessor has the ability to interact with

two or more input variables, and instigate control action

-
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derived from an algorithm which is‘seiéctéé on the basis of,
and performs calculations with, the iqput:vafiable vélues.
Both Famili (1983a) and Krutz and Mailla;der (1983)
‘developed systems which éombined Enput from a feed rate
sensor with, an engine speed signal‘to give.an adjusted
measured feed ;gp AVBIue. Bgth systemzvzereﬁsuccessful in
maintaihihg'a néar constant feed rate. However, no
’consideration‘was given to the varying relationship between
crop feed rate aﬁd grain loss level. |
LeFlufy and Stbne.(198§)‘aftempted to establish such a
 relationship with their miqroprocessor-basea systém. The
-microproce#sor collected inpﬁts from both gfain 10SS Sensors
’ andifeed rate sensors located at the lowermo§t feed elevator
.shafti Cro§s-correlations were perfPrmed bgtﬁeen‘éveraged
grain lossg%eadings and averaged feed rate data oCcu;ring at
0.2 second'intérvals between six and ten seconds before the
'grain loss readings. The equatiod‘relating grain loss to
feed rate; res;lting from the time intervél showing the’
highest linear coefficient of correlation over forty sééonds
“of dgté,'was used to calculate a desired feed rate for the
operator—specified, optimum loss ieyel‘ Control ;action wés
based on the difference between tﬁe existing feed fate and
the calculated desired feed rate. The feed rate-grain loss
relatiohship was~recaiibrated(e§ery forﬁy seconds, and
changed if‘the new maximum linear coefficient -of correlatioﬁ\'
was greater than 0.60. In this syétem the gra&n separated

and detected at the end of the straw walkers and cleaning

.
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shoe, was assumed to reﬁ?esent grain loss. As a result the
grain loss measurement was limited in accuracy as previously

discussed and, thus, the control effectiveness would aliso

have bee

limited. A grain loss measurement system as
proposet oy Huisman (1983) and tested in this thesis could,
theoretically, improve LeFlufy and Stone's (1983) ‘automatic

fo

control system.

- o . ~

1.3 Statement of the Prbblem - 2
. A 5 " /)

- Agricultural economic preéssures.require that/producers
attempt to achieve optimum performance from their‘machinesf
In the case of grain harvesting, an efficieﬁt operatdr will
aim to pperate his combine hérvesﬁer_at-the machine settings
and ground speed;whiéh result in a grain loss level less
than or equal to a pre-determined aéceptable level. One way '
to r;alizevthis’is to adjust ground speed (éither‘manually u
or automatically) in response to tﬁe.péfcéivéd grain 1655 
“level. Sﬁdh ? system requires, most critiééll}; an accurate
measurement 6f grain-loss. Presently, only monitors
detecting gfain loss over the sieﬁgfénd straw walkers are
available for conventional combines. Furthermore, these
monitors are limited in‘accﬁracy,‘and are bétte: suitedAto

indicate, rather than measure, grain loss.
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Huisman (1983).proposed an improved measurement system
whicﬁ Qoqld ascertain a walker grain loss value using
algorzthms def1n1ng the separat1on curve beneath the straw
walkers. This the51s descrzbes an attempt to 1mplement such

a walker grain loss measuring system.



2 AIMS AND OBJECTIVES

. The aim\of‘this proﬁect'was to obtain experimental

erdence de monstrat1ng the feasibility of an 1mproved grain

:1oss measurement_*ystem Conceptually, thxs system would

detect separat1on of gra1n at various po1nts under the straw“”

. "\

_walkers using ex1st1ng sensors 1nterfaced to a computer.

‘/’Us1ng appropr1ate software the system would prov1de accurate

1nd1cat1ons of graln loss. Spec1f1c ob3ect1ves which needed

to be met to reallze this goal 1ncluded

a) Development of a laboratory straw walker assembly

b)

c)

which would produce separation curves of exponential-

decayviorm. g

Confirmation, using,separation data from the

laboratory apparatus,'tnat aotual grain loss could

be pred1cted accurately from separat1on measurements'

eat four points below the walkers.,

Development of hardware and software for'interfacinéu
. Y

grain loss_sensors-to‘a computer which would

accurately measure separationuat various points;
under the straw walkers and thus, provxde a

measurement of actual graxn 1oss. ‘ ’,,—5__3‘



"3, LITERATURE REVIEW

) Th; efforts to optimi?e combine performance have
resulted .in a great. deél of litefature pértaining to comﬁine
operation, the mon1tor1ng of that operatlon, and'T*hally the

co Q{ol of that operation., This revxew "begins by outl1n1ng |
rég§)5ch studyxng the straw walkey gra1n separation process,
‘1n part1cular the occurrence of grain loss over the straw
walkers. A review of monitoring dev1ces of grain comb1nes

follows,‘wlth cons1derable emphasis placed on gri&n loss

monitors. , S _ .
3.1 Grain Loss and Separation Characteristics

'vIn the past thirty;years extensive study Qf the
performance bf'grain combines has taken place.;The étudiés_
have evolved from establishing general pétformanéé
relatzonsh1ps of the complete harvesting process "(Goss et
al., 1958; Nyborg, 1964; Cooper and Neal, 1968 Nyborg et
al., 1969; Nyborgh;nd Wrubleski, 1978) to the analysis of
the individué; unit proéesses of comb}niné (Boyce et al.,
1974; ZOegb-et al.,j1974; Huynh et'al., 1982) ahd the
"interactive mbdelihg and simulatioh of all the processes

(Kirk et al., 1978; Huisman, 1983).ﬁ0f concern to this study

are-the characteristics of walker losses and, performance.

18
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3.1.1 Grain loss felationships

As‘éonveqtional style grain‘combines replaced the
traditional\statioﬁaryqthreshing machines/in Western Canada,
‘farmers and enginee}s soort became aware that undesirable
grain‘losses resulted fném impfaper operation. As deécribed'
in Appendix A the losses could originate from various
prbcesSes. | | | i "

Goss et al. (1958) recorded that straw walkers are the
source of the‘gréatest-amount of combine grain loss at h}gh
crop feed rates; bGt didﬁnot speculate upon the form of t:;
walkérquss-f;gd raté relationship. Intérestingly, these
aufhors éid not find that walker loss waé affected by an
‘increase in the G/MOG;ratio from 1.07 to 1.70 while
hbharvesting barley. More recent research has consistently
shown that the G/MOG ratio does affect walker loss. Nyborg
(1964) approximatéd the relationships of waiker loss (W) to

feed rate (Fy) and G/MOG respectively as follows:
Med(FR)T - | (3.1)
WoK(G/MOG)™. N ERER)
where J, K, m, and n are positive parametefs whose values

depend on crop properties.

Nybq;g et al.. (1969) applied various mathem@tical‘

"regressionkmodels to walker loss, feed rate, and G/MOG
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values, A multiplicative model as follows provided a good

fit of walker loss:

W, =a(F,)® (G/MOG)® | ‘ (3.3)

e

‘The model resolves to the following at constant G/MOG:

PR N !

W =d(Fy)! _ ‘ | (3.4)

R X

\ .
vhere a, b, ¢, d;, and f 4re parameters reflecting crop
conditions. /

-

Nybofg and Wrubleski§(1978) further vefified this model
and cited confidence 1e$ef§ of ninety nine percent‘for "
walker loss. The data for shoe loss and cylinder loss fit
linear regteﬁsion models relatiﬁg them to feedA}ate.

As Shown in Figure 3.1, walker loss not only makés up
the most significant portion of total loss but, also,
inc;eases more rapidly with feed rate thén do other losses.

Conversely, walker loss levels can be controlled most

readily by manipulating the feed rate.

v
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Figure 3.1 Typical Loss-Feed Rate Relationships for a

Conventional Combine (adapted from PAMI, 1981) f
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3.1.2 Grain-s&rau separation characteristics

Nyborg et al. (1969) indicated tbat a theoretical

analysis of grain separation on an oscillating straw walker
would be of great value in understanding straw walker loss.
Boyce et al. (19%74), recognizing that straw walker
separation effidiency was impeding combine performance, r
.undertook ‘a field study of straw walker s?parat1on.
A combine was modified to facilitate collecting separated
grain from sections below the straw walkers and concave, as
well as collecting the non-separated straw walker effluenf.
These authors defined walker efficiency on a point basis

(EFFP)? and on an overall basis (EFF) as follows:

N

EFFP=GS/GA - 100% : . (3.5)

where GS=amount of graln separated per unit area (kg),
.GA=amount ‘of grain available to be separated at that
area (kg).

EFF=TGS/TGA - 100% (3. 65
whereqTGs mass of grain separated along the walkers (kg).

¥ TGA=mass of grain com1ng onto the walkers (kg).

The study found overallyefficiencies exceeded 96% if
sufficient walker length was available 901nt eff1c1enc1es
varied from near zero to 50% The presence of curtaxns,
hanging above the straw walkers, causing a throttling effect
on the flow qf the grain-straw mixture; improved the point
efficiencies in those>areas above which the curtain hung. ﬁo

attempt to fit the relationship of separation rate to
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position alohg the walker was reported in‘this“study.
Zoerb et al. (1974), in a laboratory straw walker
performance study, related grain unseparated at the end of
the walkers G, (kg), to grain initially péssed onto the
walkers G, (kg), and the walker length L (m),”By:}/

»

G,=G, e(~B-L) (3.7)
‘: |

where B is a constant,related to fged rate, G/MOG, walker
design, moisture content, éhdieth%r crop propértieS'such as
weed contamination, crop varig%y, presence of awns, étc.
’ Huisman }1983) explainéd that fhe amount of grain
separated at a distance (x) along the walkers, S,(x), is the
derivative Qf.the plot gch,(x), the grain remaining in ‘the
'straw at any distance (x) aléng the walkers, and equates to:

\\. . p
»

L S.(x)=-B-6,-e "B'X) (kg/m) - . (3.8)

‘The distance, x, igﬁnot considergd to be measured from
the front of the walker&but,’rather, from a theoretical
point where the separation process becomes exponential. The
position of this point is_influenced'by curtain positioning,
‘the beater and walker orientation, crop feed rate, and cfop
properties as mentioned above. The fact remains, however,"
that for the‘rear portion of the straw walkers, the

separation curve follows an expoﬁential decay of the form



shown ih%igure 3.2 vwhere: ‘

o Sy(x)=a-e{"BX) (3.9)

[ i ) «1

’

A and B are constants related to crop feed rafe,.combine
settings (Huynh et al., 1982), and crop properties.

‘Walker loss is represented by the area underneath the \
separation cufve in the inter#al where x is greater than ¢,
the distance to the end 'of the walkers (Figure 3.2).
Calculation of this area requires that constant$ A, B, and <

"be known. From Swokoski (1975), the mathematical deri;ation
fot tPe area representing walker losé{\wL, is solved as

" follows: e

W= Sulx)-dx | T (3.10)

~

gA.J?e(-B'x) .dx
=-[a/B-e("B %) - .

=0+ A/B-(el"B"4))

. |
W,=S,(£)/B : . | (3.11)

where S, («£)=the rate of separation oc%urring.aq
the end of the straw walkler.
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3.2 Combine Performance Mohitors

"y

The process of grain harvesting is by no means a simple
UL T * .
one. Machine parameters (i.e. ground speed, threshing

cylinder rotational speed, concave-cylinder clearance, faa

PR L%

speed) must be adjusted correctly on the basis of
1nformatxon sensed about the crop (i.e. grain loss, moxeture
content, and feed rate). Sznce the optxhum operat1on of a
harvesgter dependa'on thefmatchlng of mach1nefand crop

parameters, both of these must be sensed.‘Although this

sensing may be done éﬁunectlvely by-a skilled and . .

AN

experienced operator, the task is suited more to the use of

monitoring devices. Two categories of combine monitors,

: . R~ \J - [+ 3
then, may be defined and are described below.

. - -
3.2.1 Machine status monitors

f

L

Thls category consists of those mon1tors which indlcate*

the operating level of machxne parameters. Rickerd and E
Gardner (1971) define-a machine status monitor as a device

that communicates the state of a mach1ne function (normal
‘£a1lure, or 1mpend1ng fa1lure) to the, operator.

"*-n

' Requ1rements of 1mproved performance and operator

£

safety have resulted in the numerous mach1ne status mon1tors

L

available on comblnes today. The combine:or tractor cab is

des1gned for operator comfort, safety and re11ef of operator

fatigue and has, in effect, isolated the operator from the,
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machlne (Reed '1978 R1ckerd and Gardner, 1971). Thf

,operator must rely on monxtors to replace, to a degree, hlS "

" own senses of ight, sound, smell, and touch to evaluate the

'status of ma 1ne’parameters. v -
As the englne was the most costly and critical combiﬁev .
'component the first types of monitors which became standard
on graln harvest comb;nes were those 1nd1cat1ng the status
F'of eng1ne functlons (Rxckerd and Gardner, 1971). Englne
“QUnct1Qns commonly mon1tored 1nclude the electrlcal charglng
| rate, coollng system tempeﬂhture, lubrlcatlon pressure,'
hydraul1c pressure, fuel level -englnewspeed erngine load,
\\and flow restr1ct1on in f1lters. Warnlng llghts, buzzers,
and/or analog or dlgltal readouts 1nd1cate the ;tate of
these functionS*to the operator (Reed 1978) The
‘indications can alert the operator to carry out requ1red

ma1ntenance whlch may prevent costly breakdowns.

Also, the knowledge of the state of numerous mach1ne

. i{\a

functions can allow the operator to prevent ﬁﬁugglng of the
combine, as well as those breakdowns caused by exce551ve
‘pluggings. Reed (1978) refers to a crude type of mon1t0r1ng
‘appllcatzon. A plecegof wire With a flag on one end is
| ‘wrapped onto the end of a shaft that 1tself is not 1: the
~eperators sight. The rotatlng flag, glearly v151ble to the
operator, indicates: when that particular shaﬁt is rotating
as ‘it should. Today, more accurate and convenlent electronic

transducers and dlsplays have replaced the 51mpler dev1ces.

vMach1ne functions commonly mohltored include shaft speeds
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..{straw walker oscillations, cylinder speed, ground speed,

Y
" o

"féhwspeQQw“reel speed, etc.), bearing temperatureé, straw
walker lg;ds, grain tank level, and header height (Reed,.
1978; Rickerd angd Gardner, 1971;‘Interna€ional Harvegter
‘Co., 1984;v§ayf;eld, 1984). Either the spécifiq level of
operatioq of a bartigular function is;displayed with analog
or“digitél readouts, or tbe monitor indicates if the level
of a functioﬁ is outside of pre-set limits, with vi%ual
‘and/or'audible alarms. Ofién the -display components of the
various ‘monitors are iﬁtégrated into one common panel where
all information. is available £o the operator (Rayfield,
1984; Rickerd and Gardner, 1971; Kopp, 1978).

P |

3.2.2 Production status monitors

N

. The monitors in this éaﬁegory sense érop properties

during the opefation. Changes in these propérties often
“.~ illustrate need for controb;?ction (i.e.'altéfing a machin§
parameter setpoint level). | |

Thére are a number of crop properties which affect the
harvesting_procéss. Included in.these are th(:drpp standf
density (which, divided by the machine g;ound séeed,
aétermines the feed rate), ﬁhq moisture éontent 6f both thew
sfraw agd the grain} the G/MOG ratio, the crop vafiéﬁy,~ahd
the amoﬁﬁt of weeds in the'érop:sample. These properties all

~ affect the relationship between ground speed and grain{loss,



1f a ground speed oontrol system baseq on- grain loss:

measurement is to Be'completely successful, the grain loss
readlng may need QO be adjusted for varying straw.and grain -
properties. Accurate on-board sensors, and an, understandlng

‘ of the effects that these propertles have on the grain loss

xreadlng, would be necessary to accompilsh the adjustments to

| ground speed accurately. Also, as Leflufy and Stone (1983)
suggest, grain loss readings; expected to result from the
ex1st1ng crop feed rates, @fy be determlned on- board from
'recorded feed rate and grain loss data. Such a system would
improve g;ound speed control by compensating for the time
deiay inherent in a strictlytgrain loss-basédﬁcontrol

[
s

system, -

-
R

e

Tq date, only feed rate and moisture contents have been

s

; monitored with'some succesg, as will be discussed‘below.
| other oroéhproperties have not been successfully monitored.
-~ Some success has been realized, however; in monitoring the .
eff1c1ency of straw walker separat1on, wh1ch is dependent
upon all the properties: llsted above.vThe amount of grain
“
separated out of the straw mat as it passes over the walkers
".1s.mon1tored ‘and is often considered &o 1nd1cate straﬂ
//h\zgiiei/grain loss.® o ags'i . ' -_.'. o
“~~Following, then, is a review of those production status

monitors which to date have been applied to the grain

harvesting process. . ¢
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3.2.2.1 Moisture eontent Sensors

Zoerb et al. 4&974), Huisman (1983), Nyborg (1969), and
Boyce et al. (1974) all indicate that separation
characteristics and, thus, combine efficiency, are affected
by the meistu:e’content of boﬁh the straw and grain.

Van too (1978) had some success in applying a
calibration factor, based on straw moisture content, to
gra1n loss monitor output In thls study a meter mounted on
the floor oﬁ’ihe crop feed elevator measured the électr1cal
resisfance of the straw passing over it. The resistance of:
the straw is a function of the meiéeure content. .' ,%f

| Baskin et al. (1981) and Brjizgis et ;l. (1978) relate
crop moisture content to optimum tﬁfeehing'cylindef speed.
These authors experienced difficulty in mai s'ing a
continuous flow of the crop oﬁg;{tpe sensihg p;obe of the
moisture meters used. -

Moisture seﬁ%ihg'monitors\are not common on combines -
today, however thei; usage will be essential in the
deQelopment of automatically control}ed combines.

¥

3.2.2.2 Feed rate sensors

- Another type of crop control monitor which has been
developed for purposes of automatic control of combines is
one which can sense the feed rate of material intake.

Various parameters have been sensed as indirect indicators

5
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of feed rate. Depth of straw in the feed elevator housing,
forces on the cutter bar, torque on the table auger,
deflection of the lowermost feed elevator shaft, the crop »

p:essure on the feed elevator floor, thrgsh1ng cylinder

s.torque, straw walker grain loss, and engine intake manifold

Wi
@

A
3

pressure are'examples of feed rate indicators that have been

“studied'(Djmnich, 1956; Nastenko and Gurarii, 1959;

 Mikhailov, 1960; Fiefféf, 1964; Zberb et aI., 1966; Reed and

Grovum, 1969} Brouer and Goss, 1970; Eimer, 1974; Huisman et
al., 197¢; Schueller et al., 1982; Kruse et al., 1982;
Hyisman, 1983; Famili, 1983b). The work of these authors

does not suggest that one particular process variable gives

the best indication of feed rate. However, 'systems seQ§ing a

process variable of the crop flow before or as it enters
into the feed elevator were considered more suitable to

control applications because they permittéd an earlier

control ac+ion on ground speed with respect to the

occurrence of a crop density change.

, |

3.2.2.3 Grain loss monitors

‘In 1965 Reed et al. (1968) urndertook a study to
détermipe if there were suitable Characterisfiqs of the
straw, grain, chaff separation process that would indicate
reliably the amouné of loss occurring in this prdcess. The
result of this study was the deveibpment of the first

commercially‘available grain loss mohi;or:-lnspired,by the
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audible distinction between grain kernels and straw in
combine effluent dfspersed by thé straw spreader; as the
effluent struck the body of a truck, the above“authors
developed grain kernel“impact~sensor§.’ &
Reed (1978) ;eported that devices of similar operating
principles‘Qere-developed by Feiffer‘gt al. in East Gérmqu,
.and by K.E. Morgan in the United Kingdom, both in 1965.

Acéordihg to Reed (i978), these people were unaware of each

other's developments at the time,

"
~——AMPUTUDE——1

VOLTAGE

] f\ N M n PR (.

pvers o

~Figure 3.3 Typical Kernel Impact Voltage Signal
 (adapted from Gullacher ahdemith, 1979)
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The heart of these sensors is a piezoelectric crystal.
‘A piezoelectric crystal has the ability to generate an

electric potential when subjected to a mechanical strain

F

 (schuler, 1982). The crystal is mounted on a vibration

" gensitive sounding-board, affixed to’'a mounting plate by

shock absorbing material. The mounting plate is attached

-”rigidly to the combine in a position where the sounding

board is in the peth‘of grain kernels which are to be

detected. Grain striking the sounding board results in the

: generation of small electrical pulses. Figure 3.3 shows a

-typical sigmal generated by a'grain loss sensor due to a

single grain kernel impact (Guliacher and Smith, 1979).

_ Signals from the.souhding- oard are?ampiified,
d{eeriminated from non-grain'im act signals, and couvgrted
to an analog voltage represent t1ve of the number of 1mpacts
per unit time. Reed et al. (1968) used 51gnal amplltude as a
means of discrimrnatioﬁ of grain from non-grain impacts.

Straw and chaff, being of much less weight than the grain

_ kernels, created an impact eignal of considerebly less

amplitude than did the grain. However, when small seeded
erops are considered, the amplitudes of the seed and
,non-seednimpaCts}are less easily distinguished. In 1977,
Kirk‘ at the University of Saskatchewan, developed circuitry
wh1ch d1st1ngulshed seed impacts from non- seed 1mpacts on
the basis of the signal oscillation frequency (Reed, 1978)
Another mod1f1cat1on ev1dent on some of the loss monitors

©

aq';lableotoday is the conversxon of the output analog
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signal to a readind'%epreéenting‘impaéts per distance
‘travelled (Woed and Kerr, 1980). This, of courséj—requires
that a measure of ground §beed be available.

All commercially availablé grain loss monitofs have
some common components. Firstly, all are equipped with:
vyibration sensitive sensors. The sensor may be in one of a
‘variety of configuratibds (i.e. pads, tubés, or boards). All
grain léss monitogs have some form*of a signal discriminator
vthat distinguishes bétwegn grain and non-grain impacts.
Usuaily,vthis is édjustable to different levels for
different crbps by means of_a sensitivity control. Lastly,
all grain loss monitors have circhitfy which conQerts the'
number of impact signalé per unit. time into én analdg
voltage to be displayéd by a‘meter,‘the response of which is
determined by a calibration control.

Since their initial'developmené, grain loss monitors
have been the subject of mu;h.evaluation‘ Serious questions
‘about their value, as presently used, have been raised’
(Cooper, 1984). The Prairie Agricultural\MaCh;nery Institute
(PAMI) haQe berformed extensive tests of popularvmodéls
(PAMI, 1976a-e; QPllacher, 1978; Gullacher and Smith,

1979) .These authors have concluded that grain loss‘monitors
generally were 5u¢cessful"§t'indicating the presence of -
grain loss, but’did not gi@e éccurate reaéings of loss raéés
ovér the normal range of combine operating conditions. To

- understand theée shortcomings, a knowledgé of sensor

location and operation is réquired.
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" on c;nventional-type combines, grain loss sensors are
placed immediately behind and sl1ght1y below the straw
walkers and cleaning shoe. In these positions they‘detect a
vsample of the grain that is being separated frpm the bulk of'
straw or chaff at the end of the'separatinq mechanisﬁf
»(walker‘or shoe). This sample is‘considered to ;gpresent
total loss and is displayed as some value determined by the
sensitivity and calibration controls,of the meter. That
meter value is cgrrelated to a meaningful loss rate (i.e.
kern?lS/second, bushel/acre) only by means of a manual
calibration procedure involving the measurement of the
number of grain kernels in the effluent. As Coopeq (1984)
has described, such a procedure is very metlculous and
time-consuming. Gullacher (1978) explaxns that the above
procedﬁre usually is replaced by one in which the machine is
set fo pfoduce ah acceptablésloss level, t@e meter is |
Calibréted to indicate such; and then, any subsequentwmeter
reading is:evaluatedgrelative‘to the acceptable lo§§ meter
reading. This system is effective if the sample of grain
sensed remains a constant percentage of total grain loss.
'Un?ortunately; this is not the case.

‘Referring to the Sttaw walker separation.curve”shqwn in
Figure 3.2, walker loss is represented by the area under the
curve past the end of the walkeré Equation 3l11 shows that
total walker loss is related ts the separatlon at the end of
the walker by a proportionality factor of 1/B. The parameter

B, however, 'is dependent upon feed rate, G/MOG, and other
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crop prbperties, and is subject to significant variation
throughout a day and/or field. Theoret1cally, for graxn loss‘
<mon1tors to be absolutely correct, recalibration would be
.required with every change in the parameter B:wAs there is
_ﬂ,dé method to measure directly the value of the parameter B
'%or the crop entering the chbine, accurate readings of
grain loss rates ih varying croﬁ conditions are impossible
to achieve-using grain loss monitors in a conventional
manner. Cooper (1984) desq-ibes,the situation well:
"So we are left with aaparaddx: the loss monitor itself

requires such careful and elaborate monitoring that
it's worth becomes a questionable matter."”

-

Other problems exist with grain loss monitors; Figuré
3.4 111us*rates the phenomenon of sensor saturation. Th1s
occurs when impacts are occurr1ng at a rate greater than the
‘rate at which the c1rcu1try can dlstlngulsh eagh individual
impact. This problem can be solved by’ limiting the sample
size thch“is alLowed»to fa;l onto the face of the sensor
(Gullacher and Smith, 1979).

Another:méjor”weakness of grain loss monitors'is that
they indicate loss which resulted from crop conditions which
existed ap;roximatefy éﬁght to ten seconds beforehand
(Huisman, 1983; Famiii, 1983a). This is because of the
amount of time the crop spends in the combine. Feed rate, or
ground speed control rgsed entirely upon walker loss

- indication could, therefore, be erratic if the crop

conditions are highly variable.

A
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4 EXPERIMENTAL DESIGN

.0

The aih of this experiment was to'show that, for
different separation curves, an accurate indicafion of grain
loss over the end of straw walkers could be obtained using
the instrumentation described. Efforts were/made to show
that this indication was more accdra;e than‘conventiogal
grain loss monitor indications. Since it‘woﬁla‘si‘ﬁery
difficult to measure thesrates of grain and straw passing
onto the straw walkers in a combine in a field application,
a laboratory experiment, in which pre-measured rates of
tﬁreshedvgrain and straw were passed over a set of straw
walkers, was designed. In the experiment, vatﬁafions in thg
grain separation curves?were produced by va;ying the ratio
of grainﬁrate to straw rate passing onto the straw walkers.
. | As each run (i.e. production of a separation curve)
involved a considerable amount of time,.labour, and
materials, the experiment was limited to four replications
of the ten runs, listed in Tablé 4.1, choden to test the
system under grain/straw ratios between 0.26 and 0.89. The .
performance of each run consisted of the separation of a
'ﬁarticular flow rate of grain from the guantity of straw
" delivered to the straw walkers at the chosen straw flow
rate. The four replications of the ten runs were performed
in efforts to ptovide‘imprdved statistical confidence in the :
results. In each of the replications the order of the :ten

runs was randomized.

37
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Unfortunately, the grhin del{very system @id not
deliver exactly the required grain flow rates. Typically,
.theﬁerrors in the gréin flow rate tere as mdch as 35%, thus °
Ehe“result was a sample”size of forty funs wi}h varying
G/MOG ratios? The values for the grain and straw rates used
in these runs are typical walker loads under high'loss

conditions. Reed (1985) indicated similar loading rates were

used in a laboratory straw walker study described by Zoerb

n

TABLE 4.1 DESIREBD GRAIN AND STRAW COMBINATIONS

.et al. (1974).

RUN # GRAIN STRAW GRAIN/STRAW .
(kh/min),(kg/?ip) g

1 13.5 5 0.26.

2 14.5 45 0.32

3 20.0 55 0.36

4 14.5 35 0.41

5 27.0 55 . 0.49 ,
, 6 31.0 55 "0.56

7 27.0 45 0.60

8 | 31.0 45 . 0.69

9 27.0 35 C0.77

10

J 31.0 35 0.89

" This experiment did not attempt to analyze the effects
of one or more variables, such as G/MOG and moisture
confents, upon the ability of the system to accurately
.indicate straw walker grain loss. ja&,' . ’

The primary hypothesis tested stated that the loss
. measuring systems could effectively measure grain loss

: ~
resulting from a wide range oﬂié}MOG ratios of incoming

4
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‘méteribls. Sﬁatistically,fthe mean of the parameter
"calcﬁiated/ac:ual léss",thigh is the ratio beéween the .
lloss»determined by the measuring system and the 'loss
measured by“subtracting the amount\of graiﬁ collected
‘beneath the .straw walkers‘from the amount of grain passed
6nto the straw walkers, was tested as being equal to 1.0,
Steel and Torrie‘(1980) show the t-statistic distribution
'prqvides a suitable test criterion. The t-séﬁtistic is given

as:

v t={Y-u)/(8/Yn) (4.1)

where Ysmeaﬁ of a sample
s=standard deviatio mple
u=specified value of pBPulation mean
The test of the above hypotheées is}based on .the
wunderlying éssumpéioﬁ«that the values for the parameter
calculated/actual loss™ obtained from a loss measurement
system that was known to be gccurate would be normally
Adzst;1buted about a mean of 1. 0. |
Also, a second hypothes1s tested was that, as 1nd1cated
by Gullacher (1978) Gullacher and Smith (1979), and Huisman~
(1983), the separation rate occurring at the end of the
straw walker can not} alone, provide an accurate measure of
grain loss. _ - »
To test this‘hypothesis, the. rélatiohship”between the
amount of separation sensed at the rear of the straw walker

and the actual loss measured was examined.

hd P



© 5 EXPERIMENT COMPONENTS

vExperimentaLJ%?ocedures described in £his thesis were L
-

carried owt at the Agrlcultural Englneer1ng research

fac111t1es at the Un1vers1ty of Alberta s Ellerslle farm.

%'
F1gure 5.1 is a block dlagram show1ng the components that

were 1nvolved in the operatlon of: the exper1ment At the

'vcontrol of the operator, gra1n and straw were passed over an_
assembly consisting of a set of straw- walkers situated gbove
a set Qf trays wh1ch collected separated gra1n. The
separated grain was cleaned from the straw and chaff which
also was collected, and we1ghed Those welghts were recorded
x,and stored by a microcomputer on a magnetlc disk. Grain

separatlon along the straw walkers was. sensed with
‘commerc1ally avallable graln loss monltor sensor pads. The *

v

output from these sensors was protessed w1th interfacing
c1rcu1try, recorded by data acqulsltlon systems, and also
stored on’ magnetlc dlsks.,LastF » the data stored on the ’;
dlsks were analyzed to eValuate the effectlveness of the .

grain loss measur;ng systems. Follow1ng is a description of Lo
A

both the phys1cal components, as vell as theﬁoperator

1nterface to the-experlmental set-up.

’
*
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5.1 The Grain Separation ApﬁaratUs
The following criteria were established for the’grain
- separation apﬁarétus: o |
1. The appafatus‘should be capable of delivering 
various rates of straw in combination with,verious

rates of grain onto the straw walkers. k

2
2. The delivery and m1x1ng of the grain and -straw

should be such that the separatlon of the gféfhvf/om

" the straw along the straw walkers close%y
'apprdximates the exponential decaying form predicted

by Zoerb et al. (1974).

3%~Collection of all tge separated grain 1n trays below :
‘the point of separaplon should indicgte an

® exponential decaylng separation.curve.
; ) pr :

" «
i id
ST
\

4. The deLuvery pnd dlscharge of the straw should be as

uniform and as free frem obstruct1ons as pcss1b1e.

Wv
.‘1,@ R *

walkess and gra1n/stra# delkyery portions of the grain

separation apparqtus. : ) ‘ R



-

'

FigureVS.Z'Side View of. Straw Walker Assembly

Figuré 5;3‘Grainxand Straw

'

Delivery Systems

43
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$.1.1 The straw walkers | s
The straw walkers used wefe a set removed from a Massey

Ferguson #205 combine. Their dihensions are shown in Figures
5:3\and 5.5. Thglstraw welkefs, being open bottome?, allowed..
for the‘coliection of grain in“trays directly below the
points-of sepafation.>The set censisted of three‘individuel.ﬁk
st}aw walkers, each being approximately 240 mm wide. The
ctaukshaft‘of the walkers had a‘throw’oflso mm and aerated~;
roiational speediof 195 rpm. The walkers were poeefgg by a
373 Watt electric motpg, with the speed rgduced through a
chain ang\sprocket drivef N '}
| '41he S£taw walker aeééﬁbly had previously been mounted
on a frame enclosed on kbe top and sides with sheet metal |
and glass. In this applxcatxon most of the sheet metal,wis
remg%ég from the top to fac1;1tate unobsgyucted flow of y
strawsonto and off the straw ﬁalkers. The entire frame wzg
supported‘at a height of 400 mm above the floor, allowing
for a raék of collection trays which was_ rolled underneath
. thengraw walkers._The sides of the collection trays
‘extended ub to the’bottom of the sideeﬁof,the straw walker
frame; minimizing'the chance of eepareted;grain kernele
‘fa111ng outside of the trays. An extra collect1on tray was
requ1red 1mmed1ately in front of the straw walkers as a

'cons1derable quantlty of graln was thrown to this region by

the osc1llat1ng straw walkers.

L]
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‘Straw discharged from the straw walkers had to .be
removed during’the‘course of a run, as, otherwise, it would
accumulate and block thelflow of oncoming straw, This was
doné mandally.with a hay fork by the operator. A chaff wagon
was used for the collection and eventual disposal of the

straw effluent.

v

5.1.2 The straw conveyor

Straw was del1vered onto the straw walker by means of a
belt conveyor. The conveyor had been constructed by
employees of the department of Agr;cultural Engineering for
previous experiments The conveyor was 915 mm wide and
" spanned a length of 15 5 m. The belt was formed of sections
of wood-slatted canvas anghygs stretched over a 330 mm
diameter roller at eaCBééﬁd,of the cbnveyor. The. driving
roller was powered by a 746 Watt eléctric~motor coupled

through a 10:1 speed reducing gear box. A rotational speed
.of 208 rpm at the electric motOr‘produced a linear ;peed of
-.36m/s‘for the conveyo:vbThis linear speed was chosen as it

- delivered straw onto the walkers at’ nearly thé same speed at'
which the straw waikers carried the straw through the
appaf&%ﬁ%; At this linear speed of the conveyor, straw was
delivéfed to the walkers for a duration of 43_seconds each
run. Straw thfoughput rates of 55 kg/mih, 45 '/min, aqd 35
kg/min resulted from loading rates of 2.52 kg/m, 2.08 kg/m,

and 1.61 kg/m respectively.
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5.1.3 The grain hopper

Grain‘was delivered onto the straw enteriag the straw
walker by a gravity-feed hopper assembly (Figure 5.6)L The
rate of grain delivery was determ1nea”’y the size of the
opening in the bottom of the hopper.‘The size of the opening
vas determined by the distance the gate on the‘bottom of the
hopper was allowed to drop wheh the‘cord which)activated<the
opening was pulled. To initiate_grain flow during a ruh, the
operator-manually pul}ed, and then secured that cord,
preventing the hopper from closing. At the completfon of the
ryn tﬁe operator released the cord to close the hopper. A
m1crosw1tch was attached to the gate mechanism, as shown in
Figure 5.6, which controlled S1gnals to the data acquisition
systems and indicated whethet the gate was open or closed. A
deflector, 720 mm in width, distributed the grain aniformly
across tﬁe stream of incoming straw.

Calibration Qrocedures were performed to establish the
size of the hopper opening required for each of the desired
grain'flow rates. Gate drops of 12.7 mm, 13.5 mm, 14.3 mmT
_and,iQme approximately resulted‘in the required grain flow
rates of 14.5 kg/min, 20 kg/min, 27 kg/min, and 31 kg/min
respegtively. For convenience, wooden blocks of the aboveA
thicknesaes were fabricated to allow for quick adjustmeats
to the hopper gate drop. ; X

The graln and straw dellvery systems described above

were not necessarily expected to accurately simulate the



49"

action of the rear beater, delivering the grain and straw
‘onto the straw walkers in a combine. They were, however,
expected to‘éreate an exponentgally decaying separation
‘curve over much of the strawVWalkers. The results, as
‘disc&ésed later, show that the apparatus was successful in
réalizing tbis.
'}

i
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§.2 Ingstrumentation

In'this experiment two';ndependenf loss measurang
systems, hereafter referred to as System 1 and Syséém 2,
consisting of kernei impact measuring inétrdmentation and
data acquisitiqn hardwarg and software wére used and
evaluated for effectiveness. Instruméhtation for each system
- consisted of four impact sensing aﬁd signal %nterfacing
units, and the circuitry controlling the data{acquisition
'from these units. Each System 1 unit consisted of a single
sensor, whereas, each System 2 unit consisted of two
- sensors. Thus, System 1 used four sensor pads, and System 2 
dsed eight sensor‘pads.'The location 6f the sensors is shown
in Figure 5.5. All sensors were 50 mm in width, with System

1 sensors 160 mm long, and System 2 sensors 125 mm long.
5.2.1 Grain impact sensors

The grain impact sensors used in both data acquisition
systems were of the type described in Section 3.2;2.3,'with
a piezoélectric crystal geqerating a siq?alersulting from
the vibration caused by a érain kernel impact (Figure 3.3).
The raw signal is a decajing waveform with a maximum
amplitude of 0.1-0.,2 Vol;s. Fiqure 5.7 is a photograph of a
disassembled sensor, similar to those used in this
experiment, showing the piezoelectric céystal and thé

vibration-sensitive sounding board. The sensors used in
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System 1 wvere maaufactured by Baker Engineering Bnterprises
Ltd. (BEE), Edmonton, Alberta and those used in Syseeﬁiz
were manufactured by SED Systems Inc., Saskatoon, |
Saskatchewan. Figures 5.8 and 5.9 show the orieﬂlation of
the seneors mounted on the underside of the opeﬁ-bottomed
straw walkers at the lggations shown_in Figure 5.5, where
the walker crankshaftladanfs wouid not interfere with -the
falling separated grain. At a given location the orientation
of a sensor was similar to the manufacturers' 5ugéestions
(Baker Eng1neer1ng Enterprlses Ltd., 1979; Sﬁ% Systems Inc.,

1985)“3he manufacturers, however, advocate the placement of

a sensor only at the rear end of a straw yalker section.

‘e

Figure 5.7 Disassembled System 2 Sensor

-
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Figure 5.8 Forward Facing View of

Mounted-Sensorslgrom'Underneagh
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5.2.2 The interfacing citcuits ®
Effect1ve graxn loes monitor interfacing cfrcu1 Yy must
not only convert the occurrence of grain impact. sxgnjgs into -
analog or digital representations of the rate of those
impacts, but also must be capable of distinguishing, end
1gnop1ng, signals due to 1mpacts of non-grain partxcles-such
as strau and chaff. System 1 used a simple circuit - ‘
constructed to dzstlnguxsh grain 1mpacts from non-grain .
1mpacts on the basis of slgnal amplltude alone. System 2,
the SED Systems Inq. grain loss monitor, used a more
sophisticated circuit which diecriminated on the basis of

the oscillation frequency of an impact signal. :

-

.5.2.2.1 System 1 , .
' .*3?“ Kf o | .‘\"I
Eigure 5.10 is the circhit’@iagram for the processing
.@g cincﬁit of System 1. The graiq impaét‘signal is bonditioned-‘
V by two integreted circuits. The first‘integrated,circuit,
ICI{.is an inverting operational amplifier Witﬁ‘gain which
amplifies the eignal. A 100 kQ potentiometer controls the
gain. After the negative Qoltage of the amplified sigﬁal is
drained to ground through a dlod% (1N4004) the remaxnxng “
'signal switches a 5 Volt signal through a NPN transistdor
(2N4400). A smooth'cur;e,lapproximatina fhe peaks of the,
| signal switched fhrough the transistor is’generated by a
passive filter'comprised of & 6800 resistor and a 2.2

$ "
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. average ‘rate of kernels per second

f

o - 54
. ‘ N /

uF. capacitor'connected in parallel‘between ground and the

T trans1stor. I1C2 is a comparator -which generated a square

wave pulse whenever it' sifhput 51gnal exceeded a pre set‘
voltage Level of 1 13V set by the 6809 and 2009

voltage d1v1d1ng res1stors. The generated square pulse

4

swltched a tran51stor,.the collector of which was connected B
. :
to a d1g1tal input ghannel on a data logger (Datataker Data

Electron1cs (Aust ) Pt%, Ltd. Melboutne, Australla) Whlch

o o

was programmed to count the pulses and store the count in .

_memory. ' .

The sensors were callbrated by setﬁ&ng the .' 7

» }

potentlometers such that an equtl number of 1mpacts were'

0recorded by each unit at a glven graln flow rate. The

.° procedure was berformed in the laboratory w1th the sensors

flxed beneath a seed planter adjusted to de11ver 3 knqun

e potent1ometers were

K

li ad]usted such that ‘the data acqu151t1on 5ystem accurately

A

recorded the average number of 1%

acts for rates ranging
from 0 to 13 &erﬂels per sqcond

| Tr1a1 runs of the straw walkers, vith‘collecting bags

~

-1n the position of the sensors, gave ev1dence that the

e

. \ i
ma{iﬁpm impa -rate for any sensor would not be llkelycto‘

. ekceed . 12 kd?nebg per secorid.

r

L]
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5.2.2.2 System 2
e . 1S

System 2 made use of the proprietary circuitry existing

in the SED Systems Inc. model 912 grain loss monitor (Figure

. , &
5.11). For each unit impact signdls from two serisors were
averaged, and non-grain impacts were discriminated ori the

basis of the signal oscillation fﬁequenciesﬁ,The

'menufacturers (Hjertaas, 1985) indicated that the signal

eiisting‘immediately prior to being proeessed;for_display by

the console ﬁéter should be a series of square pulses o{ a

i/

frequency representing the rate of 1mpacts sensed The
51gnal was fed. 1nto the analog 1nput section of a laboratory'

computer (Modular Instrument Computer (MINC), Digital-

Equjipment Corpqratlon) wh1ch counted the pulses.
. ¢ kY . . ) \) . ’

[ .
¥

|
|

Fkgure 5. 11 System #ZfGrain Less Monitor
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5.2.3 Control circuitry

Simple switching circuits were implemented to provide
control of  the data acquisition Systems;'System ! data
acqu151t1on was enabled with an operator controlled toggle
lSWItCh At the start of a run, when this toggle was. opened
by the operator; the,state of one of thelDatataker s d1g;tal CN
channels was_switched from low- to high;:%he Datataker was

4

programmed to initiate the data acqu1sxtlon ‘upon thls:
“transition. At the end of each run the operator closed the
sw1tch returnlng the state of the dlg1tal channel to low,

and thus dlsabllng the data adquisition.

\

‘A second control sw1tch was mounted oﬁ the gra1n'
hopper. This m1croSw1tch‘connected input channels of both
‘data acquisition,systems.to +15V when the box"was.open'and
to gr0und'when it was clésed. For System 1, the switch held
‘a digital input channel to the ﬁatataker in a high state_

durlng the time the hopper was open. Th1s channel was - 5.*?M(

‘sampled every second and thus, provxded a measure of the

duration of grain flow from the hopper for each run, 3.' 5

In System 2. the analog input channel to the MINQ»whxch h

.was connected to the m1crosw1tch was set to a +15V level‘

Y

when the hopper was opeh The ;%taﬁﬁcqu1s1tlon program
‘1n1t1ated sampllng when th1s %evel was sensed

i " Both of the above swltchlng c1rcu1ts are shown in

‘Figure 5. 12 a block dlagram of. the ené&re ‘data. acqu151t1on i7
'System- SN X
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5.3 Data Acquisition

Data acquisitlon'was performed with equipment belonoing
to the ﬂepartment of Agricultural Engineering. F1gure 5.13
is a photograph showxng some of the equipment used

]
.

5.3.1 System 1

Data from system 1 were oollecte% with a data logger
(Datataker, Data Electronics (Aust.)ﬁPty; Ltd.) that was
controlled by a microoomputer (IBM-PC) . The data logger
ZcoUnted the number of pulses resu1tiog from grain kernel
impacts every second on each of four separate channels. The
counting process was'started when the input to a fifth
digital channel was suitched to a high state by the operator
ahd.was discontinued when that channel was switched to a low
state. A microswitch on the gra1n hopper sw1tched yet
‘another digital channel hlgh for the time dur1ng wh1ch the
grain was flowlng onto the straw. o : .

The data logger counted the pulses by sampllng the
‘1nput voltages over user-programmable intervals. The
1nterval used allowed a samplxng rate of 50 samples/second
on each channel. Untortunately the pulses resultrng from o
grain impacts vere oot uniform. The width of tﬁe pulse . 4ﬁﬁg
depended upon the energy'associated with the grain kernel

~impact. As a result, it would beolmposs1ble for a sampl1ng

techn1que to .count every pulse'gﬁa%ﬁly o'_
CE R4 ﬁlﬁg“a :




cal}bration procedures, as described in Sec;ion 5.2.2.1,
indfcited that at a sampling rate of 50 samples/second, the

-number of teS‘counted could be. made approximately equal

"to the number of kernel 1mpacts, by the adjustment of the
166 k@ potenuiometer. The number of pulses counted every
second from each of the four channels, and the digital state

"of,the channel conpected to the uicrbswitch, were stored.in
s magnetic disk fiie; These data then were evsluated by a

‘computes progtam,ﬂlisted'in Appendix B, written éo sum the
impacts sensed byheach sensor during a psfticular run. The
accumulated values represented the total amount of graln

. separation sensed at the locat1on of the sensor for that

run.

e P

B ¥, ﬂ ol ‘ o » ’ i ;1»_,1 _;{
‘.E;gure 5% 13 Data Acqulgﬂtzon Equ*pment :
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.5.3.2”System 2

System 2 data were collected with a moduiar instrument
éomputer (MINC, Digital Equipmént Corporation). The computer

‘programy,. listed in Appendix B, initiated a sampling
technzqaawthat was used to count pulses resulting from grain -
kernel impacts. The m1ca6;21tch on the graln hopper also was
connected to an analog 1nput channel on the MINC. When the
box was open an analog voltage level of 15 V appeared on
this input channel.,Thé;data acquisition program continually
tested this channel agd;)when the voltage level was sensed,

- initiated the sampling of the four sensor input channels.
The sampling continued for the duration of a run. The pulses
from the grain loss monitor were sampled at a rate of 10
samples/second per channel was used. In retrospect this
sampling rate was much too low to aetect all the pulses.
which were later discovered to have a width of approximately
10 ms. A pulse was counted if the signal sampleﬁ‘exceeded a

'1 ov ;hreshold level when sampled Finally the computer
program eiEEGEed the summing of pulses detected over the

duration of the run for each sensor, and stored the data in

‘magnetic disk files.
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5.4 Source of Materials ' ; .

. The straw used in this experiment @as barley straw
removed from round bales purchased from a local farmer.
Baled in the autumn of 19&4, the straw ‘was stored in an
uncovered stack until March of 1985, when it was moved under
cover. Some weathering had occurred to the material in the
perimeter_of the bales, so care was taken ﬁo use only
unweathered material. The balesowere proughtfinside the
laboratory-as they were used. Any grain which existed in the
straw was assumed to be randomly dispersed;andvof a. )
negligible quantity. | .

" The grain used in this experiment was from two sources.

.Bffirley used in half of the runs'was.harvested in 1984 by the
Department of Animal Science, UniQersity of Alberta. Manual
counts showed that this barley contained approximately 13
kernels per gram, and a grain moisture meter (Model 919,
Labtronics Manufacturing, Wihnipeg,vManitoba) indicated a |
moisture content of 12.9% wet basis._ ‘ | @%&i
The barley used for the remaiqing’runs was harvested in u
1985 by the Department of Agricultural Engineering,' ﬂ
University of Alberta. This barley contained approx1mately
20 kernels per gram and was at a moisture contemgg f 13.6%

mfm

wet basis. ' . : : @wA



5.5-Procedure for an Individual Run
A3 ! | | - ' ’ _
Each 1nd1v1dual run 1nvolved a multi-step procedure.-
The first task was the we1gh1ng of the required amount of
straw with a spr1ng scale, The.straw was loaded as uniformly
as posslble onto the‘bonveyorT@A small sample was collected
and stored 1n a sealed plastzc bag. The sample was later
analyzed for mo§sture content u51ng an oven- dry procedure as
outllned in the ASAE Standard S358 (ASAE, 1983). ‘

The next step was to £i11 the grain hopper with a
- suff1c1ent amount of barley, and set the size of the hopper
‘opening_ to ;the appropr1ate level A Sartor1us 3807_MP6,
ielectronxc scale, with a capaczty of 60 kg'and an accuracy
of'i1.Slg was used for the weighing of theegrain samples.

ﬂata acquieition computers were then turned on and data
files were«created. When satisfied that the instrumentation
systems were ready, the operator started the straw walkers,
the straw conveyor, and data acquisitloh prodrams; all with
simple*toggle switches. As the straw entered the straw
'walker assembly the operator opened the grain hopper, .
actlvatlng data collectlon. During the run straw was forked
avay from the back of the’straw walkers. When the conveyor
was nearly empty theugrain,hopper was closed. The Etraw
conveyor and straw walkers were switohed off as each became
empty, and the running ‘of the data acquisition‘programs was

discontinued.
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Grainlreﬁaiﬁing in the hopper was removed; weighed with
the electronic scale, and those'weights were recorded, so
that the actual amount of grain delivered to the walkers
- could be calculafed. The contents of the trays beneath the
straw walkers were collected in plastic bags labelled as to
- run and collectionvtray number. The trays were returned to
their locations beneath the straw walkers for the next run
to be performed. |

The b;gs were sealed and stored, and their;contents .
were subsequently cleaned as considerable straw and chaff
were glsé tollécted in the trayé. A fanning mill was
borrowed from ;he Department of Plant Sciénce,‘Qniversity of
Alberta, for this operation. After the cleaning, the weights
of grain separated along tho straw walkers over the
‘p051t1ons of the trays was measured with the electronlc

scale, and recorded.



| 6. RESULTS

Appendix D (féblg D.1) shows tﬁe raw data recorded for. .,
géch run performed. This data analysis involved the
following phases.' | ' | : /

Firstly the weights of the sepafated g;;in collected in
the trays beneath the straw walkers were analyzed to test
 Qhéthei’the grain separation apparatus fulfilled its
criteria‘ (Section 5.1). |

Secondly, a-graiﬁ separation-curve was determiﬁed from:
these weights, and a grain loss value, calculated using the
Sepafatibn curve, was compared to the actuél loss méasurgd.
for each run, the actual grain loss was measured as the
weight difference betweeﬁ the grain.delivered to the
apparaﬁus and the total weight of the grain collected in the
trays ‘beneath the apparatus. |

Thirdly, the relaqionship‘befweeb the rate of in-
separation measured at tpe end of the straw walkers ;nd the
amount of actﬁal grain ibss was examined.

Lastiy, the output from the grain loss sensors'w;s
analyzed to evaluate the aéiliéy'of‘the'grain detection
system to predict the separation curve, and thus calculate
grain loss. Thg effects that variables, such as G/MQG and

straw moisture content, had on the ability of the system to

predicf grain loss were examined qualitéﬁ;Vely.

65



6.1 Analysis of Separation Weight Data

The ahalysis ofhthe grain separation weights coﬁ&ectedxmg
in the trays is recorded in Appendix C (Table C.2).
‘Consecutxve subtract1on of the weights of separated graxn
collected in each of the trays, from the total we1ght
delivered during the run, results in values for the wgiQhé
of grain remainin§ in the straw at the position along the
walker corresponding to the rear edge of -each tray. The
difference remaining after the weight of graiﬁ cdllec:fd in
all the trays was subtracted from the initial weight,
reéulted in the amount of grain loss measured.

Figure 6.1 shows two typical plots of the amount of
grain remaining in the straw, and sen;Qr :éadings recorded
duriné a run. Common to all of tgzjtuns, the amount of grain
remaining in the straw decayed in what appgared to be an
eprnential-manner over the ;ll but the forward-most portion
‘of the walkers. A}l,of thé four sensor positions were
loéatéd above the five rearmost sepératioﬁ_trays, thus the
weights of grain collected in these five trays only were
usgs to establish ghe curve describing the separation of
grain from the straw.’

Analngs of’ the data 1nvolved the curve f1tt1ng of the
amount of grain rema1n1ng in the straw, G,, for x>0 914m.

The ;egressxons, performed on a microcomputer using Lotus

123 software (LOTUS Development Corporation (1985),

Cambridge, MA, USA), involved five data points and, as
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predicted by Zoerb et al., (1974) displayed a high degree

of correlation to the follow:ng form-

. w ty
£ -R . >
G, =G, e(~B"x) . (8.1)

G, and B are positive-valued constants. The high -

.coefficients of correlation (R? values) show that the grain

separation occurred in a similar fashion in the apparétus‘as
it would through straw walkers in a combine. Also, these

values indiq&&e that the five rearmost trays are below the
1 A o A d

regxon oﬁ cgrrect exponential decay. The values for

arameters G and“B were used to calculate grain loss, or
o

L S

the the amount of grain remaining in the straw at the end of

g b s

the %alkéré (x=2., 743m) The calculated loss then was

& -“'

o compated ;o the actual loss measured The ratios between the |\

caloulated Loss and actual loss as well as the R? values‘

prr tbé red?essed equatlons tblat1ng G, to X, are shown in

« v
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" TABLE 6.1:

SEPARATION WEIGHT RESULTS

e o M . o
‘ Calc/ Loss/
Run R’ ° . Actual End Sep.
Loss (1/m)
Al .976  .968 3.43
A2 -4976  .954 = 2.1
A3 .959 .936  .@.42
A4 975 . .961 2.82
AS .992 . .985  .3.74_
‘A6 .985 - 971 3,42
A7 .988 .964 1.86 .
A8 .974 .952 . 2,43 '8,
A9 - .968 .943 2.25
~ A10 .986 .966  2.41
~ 'Bf, | ..981  ..972 - 3.70-
B2 ' .976.  .965 = 2.95
B3 .984 .972  3.49
B4 .970 .937 1.95 |
B5.  .980 .974 4.42
B6. . .959 = .937  2.32
B7 .994 .983 ©° 3.19
B8 .966°  -.941° 2,26
B9 " .977°  .948 - .2.02
B10 . .979° .95¢  2.25
ct  .987  .978 3.85
. c2 .983 .962 - 2,50
- i9.63 . .995 pw.ses 4.39
SO .982 ,2 40
; Uaca - """1‘9 ¥3.03 1
N ol T 988\ 977 " 3,65
- e7 .988, . 1.978 . 3,38
. 5. CB .989\" " .977 = 3.08
» C9 .974 .955, . -2.44.
T £10 .991 .976 2.82
Y b1, .988 .982 4,23
D2 - .980  .964 2.80
D3 . ..986- .979- , 4.03
DS . .954 .941° 2,60
* D5 .990 ¢ .983  3.79
D6 .-.988  .974 2.90 -
D7.  .979"  .962  2.67
. D8 -. .977 . .985 2.38.
- D9 .982 .972 3.05 -
. R0 .974 948 % 2,22
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La4tly, the amount of«gra1n separat1on occurring at the/

f

pos1t10n of each sensor was calculated The weaght of gra1n
& separated from the straw across the total WIdth of the
1"walkers, at the p051t1on of a sensor, was equal to the‘

weight of“@he gra1n remaining in the straw at the front edge

of the sensor subtracted from the Wweight of grain remaining
[ - . .

-

qicthe;straw at'the rear edge of the sensor, as folloys:

s1a, _e(=B-(x1-L1/2))'_G‘.e(-B-(x1+L1/2))  (6.2)

where S1=the amount "of grain.separated from. the/straw
fﬂ at the position of sensor #1' (kg)
o =regression equation congtant (kg) N »
. Ber ression €quation constant (1/m)
x1=d1stance to the center of sensor #1 from
the front of the walker gm)
Li=length of sensor #1 (m) . -

."I‘?tio of the actual loss to the separation Rate’

(kg/m)_ lculated-at the end of the yalkersfalso is shown in . .

¥ | .
., -Table . > 2
ﬁ - . i
< . ‘ N { L 1
B 6:2 Analysis of Sensor Output*‘- I ;
. s T B o _‘ J .

\ ey *

The output of the two data acqulsutlon systems 1s shown
‘in Append1 (Table C. 1)‘The values were compared to t“ne
separatﬂpn calculated by equatlon 6.2 to establlsh the
| parameters of the equatlons relatlng the amount of actual
.separatlon to the sensor output for each un1t.,As a
dlfferent smele of graln was used 1n rep£1catpons A and B,
than was used»xn repllcat1ons C and D separate gegress1ons,»'4

relatlng sen51ng unlt outputs to actual separat1on, were ' w



S

2
e
L .
[ ]

v Q )
‘ performed with data from each grain sample, tor every

sensing unjit. To allow for possible sensor saturat1on,
second order polynom1als were-regressed. As well, for each )

4 ‘ \
sensing unit, a second order equatlon for separatxon was

regressed from the’average values of of System 1 and System
2 outputs. Appendix C (Table C.3) shows the reSults;ot-these"
sensor’reédingewersus measured separation rate regressions.
'Values for senséd separatlon rates at the locatloqs of the

“sensors were calculated us1ng the regre551on equatxon, and.

A
‘I n

are shown in Appendlx C (Table 0.4) L. | .'@;?
"N

Lastly, for each '

the natural logarithms of the
- : [ :

re regressed linearly wlth~the

sensed separatlon rate
.;051t10n of the senSorsolving fot A and B in a “s;egaration

equ?tion\of’fﬁif?ol owing form: . . X
A e /, _ v S :

S\ﬂx) =a-e(7B %) for x>0, 66m ' IR - ﬁ'§§-3f
LI . ; : )
where s,(x) =separation ¢fate 4kg/m) t+ a distance x (m)
from the fr nt of the straw walkers .

A,B= equatlon parameters . Tt A

.o -
~

& The solutlon of the above equat1on allows for the. *E

‘calculatlon of . walker loss by. : - K
B R 4 ‘- . , - e
WL=SH(1)/B v ’ o . - (6.4)
where W =amount of walker grain loss (k) =~ - L _
'S, (lf-th rate of ‘separation occur gng'at the end SRS

, of the straw wagker ¥kg/m)
Bfgarameter of t separatlon curve (1/m)

Ao

'H%e R2 values of the sensed separat1on versus sensor

14

‘p051t1on" rebre551ons and the rat1o between calculated and

actual gra1n 1oss for each run are shown in Table 6.2,
. 14



TABLE 6.2:

SENSOR OUTPUT RESULTS

System 1 , System 2
t\‘ C&ﬂc/ Calc/*
Run - R? Actual R?  Actual
. Loss Loss
Al .932 + 590 .830 .798
A2 .946  1.269 . 984 .7525;
A3 .944 .827 .998 .983
A4 .956 .532 .960 .724
A5 .861. .682 ° .763 - .621 .
. 3 .918  .369 .990 > ,655 -
& V) .995 2,697 95  6.045 -
A8 .990 .615 84 .376
.A9 - - ,855, .685 - .986  1.093
A0 X L9417 .631 .879.  .496 "
¢ Bl 644  ..598 .977 .515
. BY) .841, - '.837 .966 614
By, - 3@%65 . .610" .548  4.806
B4\ 66~  1.005 .924 1.337
B5- .5913; 667 .400  1.859
'B6 .927°7 4. 766 '.947,  .859
B7 « .189 *~1.506 . 4895 - 1.814
B8 ,334 . .464 'Y 863,735
B9 . .B83  1.391 . 4 .883 1.788
B10 ~  .90% .854° .99% ;4gg@u
N 7 433 1.217 .118 .10, 175%"
'C2 .799 .854 . W717 1.102°
C3 .923 . 630 .927 ' 1.818
. C4 .753 .963 .969'  .541
- C5. . .988°  .689 .
o3 .808  1.189:
c7 ©v,789 1,187
of: " ..978 .493
c9 i + 845 .399
c10 . .990 .615
D1 .815  .490. -, 089 . +.ERR
~D2 - 967 J} 897 .941  .871
*.D3 873 '..706 . .804 © 1.134
D4 0Q4 49.47 .781  1.15%
D5 934 . .552 .503  .843
D6 961 . .382 972 .517
D7 . 979 1676 .989 .871
D8 "~ .963 .499 .866 .517
,*109 . .977 J776 912 0 .432
‘D10 \968 .509 -~ .956 = .601
- . .

v

72.



7. DISCUSSION OF RESULTS

4

7.1 SeparationiWeight Data

As shown in Table 6. léthe separatlon weight data po1n?§\

Ry
con51stently fitted aﬁ%eyponentlally decaying curve with a

F— R ) . o '
+.loss, the éi§1o§*bf“calcu'-
o

., mean value cf 0,964. F1guff'

graln loss value versus:

\ &

he posxt1on of the po1nts 1?*re1atio§ to-the line of unity
. X -
~‘opé that would be-formed if
. ’7 . | B - . B
to the measuredxloss. ThevSIOpe o

calculated loss was equal
the best fit l1ne through
the calculated loss points was 0 9_6*& best fit lxne 1s,
however, sllghtly below\the llne oi:vqaty slope, with akl

values of calculated loss be1Q‘rless than actual measured

A -
loss. An explanatlon of thls could be that the actual walker

,loeﬁbwasqggss'than the measured;graln loss. This condition
' would result if some of the separated grain was not
vy .
collected 1n the-teays—*or—ﬂrf(pr1or to wegghing, not all of

\/the collected gra1n *as cleaned from the straw and chaff

collected 1n thsrtrays. Dui ng the pegformance of the runs,. ln
by AN -’ .
n

these sztuat1o cduld notWbe eliminated. complete&y

Do ‘ B . - . .
. . ‘o 1 .
. . . . .
‘ _ G . Lk . .

¢



fthe rresults prov1de conf1rm.tlon of the hypothe51s that';ﬂ

canculofoe Loss (kg)

\ T M o 74
fhese results 1nd1cate that the measugememts of straw ’
:walker léss, calculated from the separat1on curves,‘ oo ..

S wd
detegg1ned from the colleot1on of separated gra1n beneath

the straw, walkers, are, . at w0rst
v

Bearxng in mind exper;mental errors as detalled above, _

93% ofithe true value.il' '
o

actUal gra1n loss over the ‘Eraw walkers can be calculated

from an experlmedtally f1tted exponential separatxon curve. f
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T ffect that several variables had on the accuracy

N

of the loss calcqlation, based on the separatlon curve,

\ )
s o Lt L,

follows- . ‘.

der1ved from the collected grain we1ght;7\31456!scr1bed as

Flrstgy, Flgure 7.2 shows ,that, as a geg?ral trend, the L
5 h A

o

;ated/actual loss ratf%s were nearer . to- 1.0 when the

!

Rz values 1mp1y that the actual plot of. sepe a

1on closely
descrlbes the-form on whxch the loss palgulailon ﬁﬁs gaS!ﬂ it
| Secopdly, figures 7.3, 7.4ﬁ an? 7.5 show that the G/MOGA,‘
¥‘ratio, straﬁ moisture content, and grain flow rate seemed to:
have llttle or no"ffect on the ability of the system to
indicate ac‘ grain lo%s. Only the straw dellvery rate ,
(Figure‘7.65, end consequently total straw andvgr"é“"i"?‘f;"-‘1
delivery rate (Figure 7.7) showed a possible effect. These
figures show that :llghtly hlgher calculated/actual loss
ratxos were obtained at hlgher del1very rates. An | .
eiplanatlon of these pelat1onsh1ps may be that at hlgher

straw throughput rates, the separatloh-apparatus moge

closely acHieves the exponentlally decaying fB{%}ZE the.
;,separetfgh curve, pon whlch ‘the loss calculat1o are

based. Perhaps, at lesser straw flow rates, the straw posesr

(i\less of a h1ndrance to ‘the separation of grain, and the -

separat1on does not ‘occur in an exponemt1ally decaying

L . Lol . N ._ ) . i
maﬂner. ’ e '
. - . ’ L I3 )
> ' .- N ’ . 'S : . -



Graln/Straw ratio

Figure 7.3 Calc/Astual Loss vs. Grain/Stra y
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_ Figure 7.7 Calc/Actual Loss vs. Grain+Straw Rate
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7.1.1 Ratio of actual loss to end separation rate

Because of the standard method of mountxng and usxng
" grain Loss monitors, pprhaps the most 1nterest1ng parameter
arising from the separation weight data is the ratio ot the,
actual grain loss to the separation E?te at the end of the
walkers. Th1s parameter had an average value of 2,93 o
kg/(kg/m) and a varxaneﬁ*of 5625 The variability- of thls
parameter illustrates the difficulty of measuring grain loss
on the basis of the separat1on rate at the end of the straw
walker only. If this parameter was assumed to be constant i
at eay the average value ofs2.93 kg/(kg/m). calculation of \
walker loss from the end seieratlon rate only, could be in
error as muth as 50% of the actual walker( loss measured ;

An accurate est1mat10n ofythe rat{o f total grain loge
to the graln separatxon occurr1ng at the end of the waiker‘,
is required for loss to be calculhkea‘from en%nseparat1on
valu;s. Floure 7.8 shows that this ratio seems to be
'somewhat affegted by the value of the G/MQG rdtlo however‘
no relationship between the (actual loss)/(endnseparat1on)
ratio and G/MOG,:having‘a corﬂelation cpefficient exqeeging‘
O.SOJ was found. ° ‘ \ : ' N ‘

| Correlat1ons of the (actua; loss)/(end separatlon) ":ng’

rag¢io with.grain flow rate,.straw flow rate, and str)ev; M%ﬂ
m01sture content were equally poor, suggest1ng dxffzcultyi;
: woald be encountered in est1mat1ng a value for th1s ratig on

the basxs of measurable crop 'parameters, such as throughput
| . B
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' refe.lG/MOG ratio, and moisture contents. The fact that the

(actual loss)/(end separation) ratio can not be succeﬁsfully E

determined from measurable crop propertzes is the major E ‘

veakness of usihg grain loss monitors as convent1onally B iﬁge
, .

prescribed. In varying crop cquitions_such use requires :

separation) ratio be constant.xaﬁﬁ
NS

~or known, gor the loss indication to remain accurate. Eg

that the (actual loss)/(,e

Conventzonnlly used gra1n loss mopitors indicate only
chanées in the rate: of graln separation from the straw |
pass1ng over the end of the straw walkers. The ‘extent to »
whxch thgkcbanges in straw walker end‘s‘baratlon reflect |
total ' wa;*er loss is not constant, ;hus walker loss can not

be accurately monitored by th1s type of monxtor usage.
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7.2 Sensor Output o B v
‘ / S ol -
\4 “Ll t

The poor correlatxon coeffxcxents achzeved from the
sensor cal1brat1on regre551ons shown—in j;pendxx C (Table
C.3) indicate the severely limited abjlity of the grain
impact sensors to provide sepatation'curnes equivalent to
thgse der1ved from separatlon weight data. Table 6.2 shows

‘*

. the hxghly var1ab1e and often very poor values for
calculated/actual loss ratlo derived from sensor output.

The loss calculat:on is based upon the regcessed

.
wel 81
i

oo

separation curves and the var1ab1ﬂ\ty of -the results is most

I

likely’due to the inability oftthe sensoré to consistently’

record an accurate measure af the grain séparatlon. Bofsxble
" ' , '
reasons for the shortcomings of the sensors are ‘given 1n
'

/
'

Section 7.2.1. . ‘ : . .
The. results of those runs meeting the3condition7/

» 7

described below were examined to determine' whether ifmproved ;
.results were obtéfned when the sensors more-acCura;ély'

described the true. separation Curvess .

/

7

The first condxtxon requ1red that the separat1on curve )

i

derlved from the sensor outputs have a correlat on .

’

..coeffxcxent of - regre551on greater than 0. 50 and a negatlve

_ slope. ThlS 51mple oondltzon ellmlnated those runs for wh1ch
" the‘ éhséﬁ output g{ossly m1srepresented the actual 1

\ :
. separatlon curve, ’ . e

W . . : i S : o.. v S
*  Conditions 2, 3, 4, ahd.5¢gliminated those runs for

which the sensor derived separation curve did not exist

- . ’ ' ; ‘

s
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ent1re1y w1th1n the respectwe 99% 97, 5%’5%, and 90%

‘ confxdence bands . around the actual separat1on curve.‘
Table C.5 of Append1x C 11sts the number of runs which.

met each cond1t1on, the mean and sample standard dev1at10n

}
of the caisulated/actual loss values of those runs, the -

t statlstxc, and the degree ¢f conf1dean at which we can‘
4

state that the sample of associated .runs belong to a
populat1on w1th a mean calculated/actual loss ratlo of 1 OA _—

The results 1nd1cate that for both System 1 and System
' ) . y .' | ’ - . ; ’,
2, the degree of confidence in the above claim improved

,slightly for»thoge runs passing morevstringent degree of fit
condltlons. However, too few runs pass cond1t10ns 2= 5 which

requxre a .more accurate f1t of the true separat1on curve by'

\,r'

the sensors,‘to prov1de statlstlcal confidence in the

effectiveness_of‘the loss-measuring'systems.'Tﬁere seemed to
<be'no improvement\when an_auerage of the'twdfsystems" output~®
was used. to calculate‘ldsst\ :
4 \ : ‘
»7{211_Weakness‘6f'sensorfoutput
"Theffaiiure of.the‘sensors and data:acquisition systems_ -
’to‘accunateiy recqrddthe grain separation cCCUrring‘at the
various lccationsfmay havevresulted due to any'orlall of the
’-fcllowing reasons. | | |
Flrstly, perhaps the 1nter£ac1ng c1rcu1try and data
acqu151t10n systems fa1led to prov1de an accurate count of
~the kernel 1mpacts on the sensors. Much of the failure of

'

B |
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both Systems may be attr1buted to non effect1ve samplxdg

techn1ques. In the case of System’1, where the w1dth of,the

pulses. resultxng from»an 1mpact Was not. constant many
. / v

-1mpacts may have been counted more than once, Aor not counted

;at'all.»51nce system 1 iensxng un1ts were Callbfiﬁ.ﬁ in the
-

laboratUry to provide accurate counts of graln kernels, thls'

/

- was not expected to be a serlous source of error. However,

~the fact that the calzbratxon of System 1 un1ts was, not
tested under operat1ng cond1txons, (i. e. w1th the sensors .
mounted on the osc111at1ng walkers) quely caused the

A}llbrat1ons to be 1neffect1ve. VA A
A / - N .
When the sensor is in motlon the velocxtles ‘of.”

,1mpact1ng graln‘and straw partlclés relatlve t\kkhe sensors
SN
is not constant. The partlcles wgll have a lesser relat1ve
,veioc1ty 1mpact1ng a sensor mpy1ng down than they would have

/

‘1mpact1ng a stat1onary sensor. This may have- resulted in
some 1mpacts not being dete#ted Oon the other hand, the

_relative veloc1ty of a graln or straw partlcle 1mpact1ng a..

1sensor moving upwards would be greater. Thls may have f

_.resulted in-the detectuon of some lighter strav particle
/

1mpacts. Also gra1n kernel 1mpacts may have caused wlder
'pulses whlch ‘were’ counted more than once. The dlstort1ons in
the sensor output caused by thess straw particle 1mpacts N
kcouldtbe expected to be nore severe at greater dlstances
from the iront/of the walker, as we could expect more straw
partxcles to Ee broken up and separated through the straw

walkers,asfqhe amount of agitation 1s‘greater, Also, the.

t I3
/ - -
\ . Afkw



d;stort1ons due to the straw partzcles would not )e-constant N
~ for each: run, as they would be dependent upon the straw flow-
' rate. The greater possxble straw pa5;1cle impact ~-} 1
dlstortions, in comparison w1th lesser actual sepafationy,r

.rates imay explain vhy for both System 1 and System’2 the

sensing unit at the end of. the walker showed thé poorest
i.‘ .

results. | ' 0 PP Y
. . § . o R . o
c System 2 sensang unxts vere assumed to-have been . . =~ ..
' cal1brated for operating cond1t1ons byl;;e manufacturers »¢
' ™

(SED. Systems Inq,), however the slow sa?plxng rate used to
/

_acquire data from these sens1ng un1ts would result in many
of the gré1n 1mpacts be1ng not counted The fact that System
2 sensor results showed sl1ghtly hlgher R’ values for the

relat1onsh1ps between\actual separatlon rates and sensor .
t ’ ’

output than d1d/System 1. sen51ng unzts may be expla1ned by .

»

. the fact that ystem 2 1mpact pulse were of a more un1form

'w1dth Thus, while many of these 1mpacts were missed, (és
1nd1cated by the- low counts from the two- sensor System 2
‘ unlts as compared to the counts from he one-sensor System 1
’un1ts) a more constant ercentzgznzzttotal 1mpacts counted"
pEr\run, and no double counts, could be expected..
A second cause of error in the sensor data may have
" been that the number of kernels impacting any sensor may

have not all separated through ‘the walker area d‘rectly

\J

estr1king a sensor at a partlcular locat1on, may have been

)

separated from th) straw elsewhefe, rebounded off the inside

/o -

above the sensor.'Le*1s/poSS1ble that some of the kernels,



v

‘of the straw valker, and have been recorded as separatlon at

the. locatxon of the sensor, thus dlstortzng theosensed

. separatxon curve. Alsq, kernels which tended to bounce ' on

the sensing pad more than oncey» would tend to dxstort the

9

,accuracy of the. output. sttortxons caused by these K

'vphenomena would l1kely be random and may explaln some of the

generally unsatlsfactory results from all thé sen51ng un;ts .
e E ' ‘\;“ '
of both systems. S B .' -,,‘.i“,,\,

o

Thlrdly, 1t is p0531b1e that the dlstrlbutzon of the

..separat1on of gra1n occurring at a dlstance along the

walkers is. not unzform across the w1dth of the straw .

walkers. In part1cular, ‘the amount of separatlon occurrlng
d1rectly above a sensor may not have been representatave of-
the average separatzon across the w1dth of the walkers. |
Non-unlform dzstr1but1ons of grain and straw»abowe the QZ/_ ~.'

walkers would contr1bute to this effect. The unavoidable

'.tendency of straw to mat and move in non- unzform bunches,/

much as it would in an actual combine, may haVe cased some,

of this‘problem \This theory is'supported by’the fact‘that

:System 2 sensxng un1ts, wngch consrsted of two sensors

V '\ *56'

across the w1dth of the ﬁ!»%\rs at a given locatxon, showed

better results than did System 1 sen51ng unlts.‘Dlstortlons

due to th1s phenomenon may also be expected to be random for

all sensxng unlts.
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LaStly, the trajectory of . the graxn kernels as they

il
S

separated through the straw walkers may not have been such .f“
,th;:4£pé collectxon of gra1n in the trays accurately
‘4ndxcated the plot of the true separatxon curve, That 1s,
Some of the gra1n collected 1n a. tray may not have separeted
'dxrected.above that. trax. In part;cular, at’ the end of the
walkers, some of’the separat1ng gra1n, represented by kernel

f1mpacts on the end sensor, may not have been- collected in

,the rearﬁost tray, and 1nstead " been con51dered loss,

—

*
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8. CONCLUSIONS

¢

1) The grain separation appatatﬁs‘successfﬁlli’created*a

5

separatian patternfsiﬁilar to that ﬁtedicted by Zoerb
et al., (1974) and Huisman, (1983). Separation weight

data, collected in trays beneath the straw walkers.

: showed that an accurate measurement of walker grain

loss can be adﬁculﬁted us:ng the values for the °
separation rate at the end of the walkers, as well as
at three othet lo¢§f1onsgbeneath the walkers.

) 0

The separat1on welght data showed significant

variation in the ratio between the actual grain loss -

and the separatlon rags occurring at the end of the
straw waikers. No §1gn1£1cant relationship was
observed between the value of that ratio and any
méasurable variable such as graln and/or straw flow

rates, G/MOG, and mo;éture content,
s . .

L]

The grain sensing and daga achisition,systems dég
not provide an accurate measurement of the grain .
separation rates existing at the locations of the
sensors. Major improvements in the sensing.systema X

are requxred for th1s gra1n loss measurement

v

technlque to be successful.

~
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9, ni;cbmambhnons.ron‘ FURTHER RESEARCH

'?he‘tesulﬁs“from this project clearly shdw”fhat-ﬁuch_
improvement and modification is required fof‘such a grain
loss.heasurement.system to be considereé feasible'fur
combine auplication, F}rst and foremost, the.accuracy.ef the
separation sensihé system must be markedly i.mbgoved.~

. . .

9.1 Iuprovement of the Sensing Systems

With an on-board application of a grain loss measuring

.

system such as the one tested in this project, fheAluery of

knowing the actual separat1on curve, as.derxved from
- -

separatlon weight data, is not avallable. The relatxonshlp

vbetween the output from each sen51ng unit and the separation

;ates must be known, and h1gh1y consistent. Also, the

effects that graih kernel characteristics heVe dn'these
!

relatlonsh1ps must be equal for each unit 1f the system is

" to work ccns1stent1y well in different types and samples of

—

- grain,

- , | |
VariouS'aspects of the grain sensing systems should be

re -evaluated 1n ‘efforts to improve accuracy Fxrstly, the

procedure used for counting t

gra1n kernel impact pulsdl
may have resulted in too many mijssed pnlses, or. too many
pulses counted twice. Perhaps aﬂ%1ntegratton of the pulsing

signal would prov1de a more accurate indication of the

kerne)} impact rate., Another possible counting technique

88



would be use of interrupt capabi&zties of a m1croprocessor,
which may 1ncre@ent a ¢ounter upon th detiiélon of the

transition of a signal from a low volt -Jevel to a h1gh

Vo

voltage 1eVel.

If lncorrect & nts are suspected to be resulting due

T

to the effects of walker mot1on, as discussed in Section, -

a

7.2.1, perhaps the sensors should be mounted in }”‘j’
position independent of the straw walkers. 1f possxbﬁefrl
techn1qn: should rbe developed that would allow for the
cal1btatipn of the sensors under operatxng conditions.
‘The effects of possible rebourding should be examiried
andlellmina:ed if possible. Situating the sensors below the
cenfer of the straw w%lker sectfons may be helpful\in
mininizfng rebounding. Also, screens, allowing only the
grain separated'diteptly above, a sensor to fall onto that
sensor, may be :equirpd} v .
More than one sensor chosE the\width of the straw
walkers at a glven locatlon appear to detec; a more
representat1ve sample of grain. Suggested 1mprovements may
be to orientate the sensors with there long1tud1nal axis
perpendlcular to the straw walkers. Also, ‘some gra1n 1oss
monitors are equipped with full width sensors. Provided
saturation effects, due Qd the increesed number of impacts

which would be sensed, are not too extreme, full width

 sensors would likely improve the results.



-

& . |
' Lastly, confidence in the collection tray data may be

impnyved by -situating the top of the sfdes of the trays
nearer to the straw walkers. This may be realized either by
‘extending the side of the tr;ys, or by elevating th§
;:isting {ack of trays. f. | ) , :

%,

# ‘ ' &

9.2 Application of a aicrqprocossoi

Obviously,. for thi;‘system to be~implement;d on board a
combine, a microprocésgor ﬁpuld Se‘fequifed to handle the
cdmputer algorithms Qsed;torcalculqte loss. As discussed
above, a ﬁichprocessor also may be uéeful for signal
écqﬁ&sition and cdndi;ioning. A microprocessor could also °
perforh some. screening of unacceptable data. For example,
: _
the microproceggpr could be p:ogrammedAto réject a regressed

. separation curve having a cofrelglion Coefficient less tha

e

0.50,’q£ a positive ‘valued slope. Finally, if such a system
were installed on a combihe,'thevmicroprocessor would need
to be programmed to account for thg sensor results when the
combine is entering or exiting the crop (i.e, tu;nihg ’
corners, stdpping for servicing, and other common combining
procedurgs). These tasks could eafily be perﬁorﬁed by a

Microprocessor interfaced to appropriate and effective

sensing elements.



5;5'Alternata sen)inétrechniAues ; ’
: S\ |
This project has shown that if the rate é{;grain
:separation can be measured at four pésitlons beneath ahset‘
of combine stravw’ walkecs,'the grain loss over those straw
walkers can be calculated In lxght Qf the l1m1ted
‘etfectxveness of the kernel impact senszng p1ezoe1ectr1c
‘crystals, the use of other brain separation measuring
techniques warrants consxderst1on. ' ‘
Perhaps an optical or sonuc motion transducer could
detect the separating grazn ke;nels. Another p0551b111ty
would be exther a cont1nuous flow,sor a batch-type weighing
scale, which would be adapted to wezgh a sample of the
separatlng gramn. Such a set-up would requzre that the straw
and chaff be removed from the gra1n sample weighed,
Obviously, whatever sensing techn1que use&, tne two
following conditions must\be met. . -
Firstly, the sensor must detect‘only the grain kernels
separated,_and‘nust ignore the.stia;-andﬁchaff pacticles.
Secondly, the techniqne must sense a representative
le of separation.at the sensor locations for the output
to be meaninéful. |
The development of an effective grain sensing
'technique,‘based on impact sensing piezoelectric crystals cr‘
othervise, meetfng the above conditions,'iS’crucial to the
implementation cf“a straw walker grain loss measurement

system as described in this thesis.
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A.1 Conventional-Type Combine Operation ' s
The gra1n comblne has numerous functlonS\to perform. It
must either cut the stand1ng crop or pick up an ex15t1ng
windrow, convey the crop to the thresh1ng area, thresh the
grazn from the crop.ears (or heads), separate the gra1n from
the straw clean the_:;aff from the gra1n, collect and |
‘qnload.the grazn, and expel the straw and chaff. Figure A1
is a'cross-sectlonal vieﬁ\of a typical oonventioﬁal—type s
‘combine'on the marketﬂtoday;\txﬁ | o ‘t l o P i
At the front is a pickup (1),\which‘feeds windrowetto.
the table auger (2). S;:aight-cut machineat<used to;harvest
un-cut or standing cropa, have a cutter bar Sﬁa\a reel° '
.1nstead of a. p1ckup The, feeder elevator (3), often referred
to as the feeder chain, conveys .the unthreshed crop to the‘\
| thresh1ng cylxnder (4). The thresh1ng cylinder rotates at
h1gh speeds (800 1200 rpm)\%nd the rasp bars on the
A perimeter beat the straw and unthreshed ears against the
corfcave (5),'I;o5ening the grain from the ears. The concave
has\mahy slots through which'much of the grain separates
from the straw and falls onto the grain pan (6). The ,
remaining grain and str\\\is propelled by the rear beater
(7), over the beater grate (8), onto the straw ‘walkers (9)
The straw walkers are osc1llat1ng slotted racks which

agitate the grain straw mat as it i

conveyed out to the



: 100
o - | o
rear of the machine;'This agitation causes s paration”ofy
most of the rema1nlng grain from the straw (Zrough the
slott\d tops of the straw walkers. Straw carried by the
straw walkers is dropped into the straw chopper (11), which

chops and spreads the straw onto the field. The gra1n RN

3 separated by the straw walkers is collected on the grazn pan

‘(6). From -the graln pan. the grain is conveyed onto the.
cleaning, shoe (10) The cleanlng shoe consists of two
rec1procat1ng sieves (12). The top sieve, aided' by an air,
stream generated by the cleaning fan (f3), sepatates‘the
’gra1n and unthreshed heads from the chaff and short p1eces
'of straw which are blown out the back of the comb1ne. The -
1ower sieve separates the threshed graln, wh1ch is conveyed
to the grain tank (14), from the unthreshed .heads, commonly
called tailings,dwhich are conveyed back to the threshlng
cylinder to be rethreshed. Grain is°unloaded from the grain
tank (14) by the;unloadin§ auger (15) .as required. Numerous
'machiné’parametérs suchias'gronnd speed, pickup speed, table
rr'.auger speed, threshggé’éylinder speed, threshing .
czl1nder concave clearanoe, fan speed and size of sieve
'3ben1ngs are varlable and most be intelligently set by the

operator to achieve maximum machlneaperformance. -

LV
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(1) Pickup o (9) Straw Walkers
(2) Table Auger | (10) Cleaning Shoe - |
. (3) Feeder Elevator "}CQJ}WSt:aw Chdpper
‘:ﬁ%dﬁit'ig. | 3(4) Threshing Cylindéf j.(12) Cleaning Sieves
%,%ﬁf:;;ff{j‘. (51,c°ncgye » ' (13)HCleaning Fan
e ;55{1 - (6) Grain Pan " (14) Grain Tank
S - (7) hafr Beater. E | (15) Unloading Auger . )
(8) Beater Grate R L : SR
»®

Figure A.1 Conventional Stylebcbmbine Schematic

(adapted from PAMI, 1981)
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13. APPENDIX B B

System #1 Data Evaluatxon Program

REM Basic program written to sum counts from Datataker

ith an IBM-PC microcomputer..
REM Programmer- John Lunty

REM

REM Prompt operator for name of data file (i.e. run
: number. .

REM Open input and Output data flles.

PRINT "SUMMING PROGRAM"

PRINT "ENTER RUN NUMBER RETUTN"‘

*‘LINE INPUT R$ - _ ) b
‘OPEN R$ FOR INPUT AS #1

PRINT "ENTER S-RUN NUMBER- RETURN"

LINE INPUT S$

OPEN S$ FOR OUTPUT #2

REM . }

REM In1t1al1ze run duration counter. ,

D=0 » 0

REM ,

REM Clear run flag. I

$=0 o

REM . .

REM Set countdown timer.

J=5 '

REM

REM Dimension data arrays.

DIM A(9) '

DIM B(8)

REM ' ‘

REM Test to see if run has just completed. If so,
sample sensor channels for five more seconds.

IF S=1.0 THEN J=J-1 ELSE 320 oo

IF J=0 THEN 570 ELSE 370 -

REM

REM 1Initialize 1nput varzables.

FOR K=0 TO 9

A(K)=0

NEXT K

REM

REM Read channel numbers and counts from sensor
channels.

FOR I=0 TO 8

INPUT #1,P(1)

REM '

REM - Add counts to accumulated totals.

A(I)=A(I)+P(I)

102
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420
430
440
450
460
470
480

500
510
520
530
540
550

570
580
590
600

{\ 103

NEXT 1 -

REM

REM Read state of sw1tch channel,

INPUT #1,B

A(9)=B

REM

REM 1If switch is on, increment duration counter and set
run flag. If switch is off, begin countdown (5
seconds), , :

IF A(9)=0 THEN 280 o .

D=D+1 o

S$=1,0 A ' o

GOTO 370 < - -

REM ‘

REM Print duration’of run, and accumulated counts for

o each sensor, to screen and output file.

PRINT #2,D,A(1),A(3),A(5),A(7)

PRINT D, A(l) A(3) A(S) A(7)

CLOSE

END



. B.2

10 REM Program written to acquire data through the analog

20 REM Determ1ne if new run is to be started and open up

30 PRINT "START NEW RUSZ"
40 GETCHAR(F$) \ IF F$&"" THEN 40
50 IF F$="Y" THEN 80

180

190
200
210
220
230

240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400

System #2 Data Acquxsxq;on Program

input channels of the MINC.
Programmer:°John Lunty

data files if so.

60 F$="N" THEN 600
-70 GO TO 40 ' 2
80 CLEAR
90 PRINT "ENTER RUN NUMBER-PRESS RETURN"
100 LINPUT R$ Y At
110 OPEN R$ FOR OUTPUT AS FILE #1 , ' vyt
130 PRINT "ENTER S-RUN NUMBER RETURN"
130 LINPUT S$
140 OPEN S$ FOR OUTPUT AS FILE.#2
150 REM '
160 REM Dimension array to. collect channel voltage
: readings.
170 DIM A(2399)

REM Check vo}tage level of microswitch channel. If low

contin checking. If high instigate the sampling
of the sensor channels at the rate of 1/10 ofua
second for the duration of a complete minute,

AIN(,T,,,4,)

IF T>1 0 THEN 190

PRINT "RUNNING"

AIN(,A(), 3400 1/10,0,4)

REM WhenYthe data collect1on is completed, add the
pulses counted for each channel in every second,
and total the pulses counted for each channel for
the duration of the run and pr1nt the results to
the output files.

I12=0

J2=0

K2=0

L2=0

FOR Q=0 TO 2399

IF A(Q)<1 THEN 320

A(Q)=1.0

GO TO 330

A(Q)=0

NEXT Q —

I=0 .

$=0

I11=0 '

J1=0 -

K1=0

L1=0

J=1+1



410
420
430
440
450
460
470
480
490
500
510
520
. 530
540
550
560
570
580
590
600

Kal+2

Lel+3

I1=A(I)+11
Ji=A(J)+J1
Ki=A(K)+K1
LisA(L)+L1

I=1+4 ;

S=S+1

IF S<10 THEN 400
I12=12+11 .
J2=J2+J1

K2=K2+K 1

L2=L2+L1

PRINT #1,I1,31,K1,L1
IF 1<2400 THEN 350
PRINT #2,12,32,K2,L2
CLOSE #1 .

CLOSE #2

GO TO 30

END

G
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14. APPENDIX C

~.

The results of the data aquisition and evaluation are
presented in the following tables. |
Table C.1 lists the raw data collected for each run,
including the flow rate of grain and straw, the moisture
contents of the gra&i and straw, the mass of grain‘sqparated
into each tray, and the output from each sensing unit.
Table C.2 shows the analysis of the measured separatioﬁ
weight data. This analysis involved the regression of the
relationship between the mass of grain remaining in the
straw,Aand the position along the straw walker. Also, on the.
baéﬁs of this relationship, a value for,grain loss‘was
calculated and compared to the actual measured loss value,
Table C.3 shows, for all sensing unit grain sample
combinations, the regression statistics of the relationship
between the measured separation rate and the sensing unit
output. For sensing unit #1 of System 1, a broken wire
disabled the output for runs A1 A2, A3, A8, A9, 84 B7, and
B10. Regre551ons were pertormed wath ‘the data from the,
.. remaining runs for this sensing unit." .

4

‘ Table C.4 shows the analysis of the sensor output
'adJusted with the relationships regressed in Table C.3 for
each run. This aLaly51s 1nvolved the regression of the
relationship between the adjusted sensor output and_the
sensors' location. Once again a value for loss was

calculated'on the basis of the regression of the sensor

106
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data. For System 1,4the~nnalysis was performed using the
output from only three sensors for those runs where sensing

unit #1 was disabled.
Table C.5 shows the results of the analysis of the

i

ratio between loss as calculated intTablg.C.S and actual .

loss, for those runs meeting different conditions .

-

classifying how well the sensor output indicated the true

»

separation curve. .
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TABLE C.5: CALCULATED/ACTUAL LOSS STATISTICS

Condition

p TN =

Condition

Condition

NP WN =

N WN —-

a) System 1 Results

Number
of runs

37
9
4
4
1

«

b) System 2 Results

Number
of runs

Wik~

Mean

0.75
0.87
0.93
0.93

1.0

Mean .

1.08

0.96
0.96
0.95
0.98

Std.
Dev,

0.41

- 0.12

0.12
0.12

Std.
Dev.

1.12

0.19 .

0.1
0.11
0.12

Degree of
Confidence %

1
1

36

36
J
Degree of

Confidence %

>50 -

¢) Combined Sensor Resul;s

Number -
of runs

38
12

10

S

6

Mean

0.83
0.91
0.93
0.94
0.95

std.
Dev.

0.37 °

0.09
0.08
0.08
0.02

Degree of
Confidence %



