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ABSTRACT
@

The effect of the combine cylinder speed, the feed rate of thg
crop, and the crop mo%sture contention the kernel damége and\
threshability was determined for the'cultivar¢éark. The cylinder
speeds were 700, 90b, and 1100 -pm (4000, 52&0 and 6300 ft/min} and
the feed rates were 100, 150, and 200 1b/min.’ The moisture content of
the grain was varied from 12 to 20% in increments of 2% and was .

. achieved by exposing the crop to appropriatévtemperatures 3ﬁd
humid{ties. 3 .

The project w SuiL£3Ctorjal expefiment with four replications

for all treatment cokbinations. The results indicated the following:
- as the cylinder speed was increased, the'kernel
damage and threshability were\ingfeaséd;
\ ) as the moisture content was increased, the grain damage
' and'tﬁkeshability decreased except a%,thé;hB% moisture
/) - level, - ' | B
- for minimuh'kérnel damage and maximuﬁ threshability
(minimum loss), the optimum cylitder ‘speed was
b ]]Qp rpm or greaté%~(6360 ft/miny,‘ | o S
- excep{ at the 12% mgisture content, the kernel damage
an&\threshability_were ‘independent of tﬁe feéd rate,
- ghe gra{n loss dueﬁto the amoufit of kernel,damage‘anq
grainf]eft in the head wgs not indepéndent’of the .
moisture content. |

Y
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1. INTRODUCTION

- Graln production is an 1mpor€ant segmént of the agr1cu]tura]
1ndustry and, therefore, grain ]osses whether from insects, ad1sease,

or a comb1ne is pertinent to the farmer, the food processor and the
consumer. In splte of investigations into harvesting, the‘re]'atmnshtp
between the mechanical factors of the combine and the bioTogical * \
factors of the cu1t1varf}s not we]] established. For- example, it is
impossible to adv1se a farmer what the Cy11nder speed of his .combine

should be for minfmum grawn ]oss given the mor;ture content of the

cultivar. ™\ - SR ,(\‘_,

-According to Harrison (22) the capacity of a combine is
specified by the grain 1oss and one source of this grain loss . is the
combine cylinder. Cylinder loss occurs because of. grain that is ]eft

-in the head wh1ch is sobsequent]y expe]]ed w1th the straw, and because
.of broken kernels which are subsequent]y exp 11ed w'th the chaff.

| Retained damaged kerne]s may be a loss becauie of .the .possibility of
mo]d deve]opnent in storage (7. Grain for seed is ea51]y damaged since

-ever sma]] cracks in the seed coat w111 aT]ow bacter1a to enter and

!

’051ect1ve . _‘ T : _’\\l .‘ ' o -

In the pra1r1es of Western Canada a wide variety of crop.-

prevent germlnat1on.

f

< tonditions occur because tney are IOCated in the temperate zone far from

s o

the modé%at1ng 1nf1yence of the ocean., In the early part of the’

harvest seasony’ it is often hot and ,dry but the later part is cold and

H

frequent]y wet .and somet1nes the garvest is term1nated by snow. Becaus%

the best part of the harvest1ng season is short, the comb1ne capacity
l R o

E ’
A - .I -
-
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is frequent]y exceeded causing excessive gra1n }osses (35). In

add1t1on, fa%mers usua]]y adjust fhe cy]1nder speed and concave .

C]earance on the bas1s of not ]eav1nq any grain- ine the head; that 15;/
they attempt to obpaln ma ximum threshabi]ity without giving much
,cdhsideration to the amount of Qrain they may be damaging (35). As
hoted previously, cracked kerne]s are. expelled with the chaff by

pneumatic separat1on and the operator is usua]]y unaware of th1s 1oss

In other words, the benefit of increased threshab1]1ty may be offset by

(g

f
©an 1ncrease in grain damaqe with an immediate and often a subsequent

loss. | - -

In geperal, information gained concerning such effects as the
cylinder Serd of the combine and the moisture,cdntent=of gnain on the
‘thresnatflity and grain'damage should be useful to combine operafors
and because of its pertfnence to the agricultural industry is the

objective of this investigation.

~°

(9]



‘2;’ REVIEW OF LITERATURE
" Grain Loss. "_ \u

Vas and Harrison ( 3€) have defined thaz the Toss Bf grain
assocrated with the cyTTnder of a comhihe is fhe.sum of the.damaged
and unthreshed grain' The Tatter is readily determined by
rethresh1ng, but the former is d1ff1cu7t and comp]1cated because it ys

not read11y defined. In fact Agness (]) ha) staced "Def1n1ng corn

kerne] damage in terms acceptable to a]1 segments of the corn industry' -

is an 1mposs1b]e task Y The asthor (17)d1scusses various methods for
eva]uat1ng mechan1ca1 damage and subsequently used two procedures
Chung and -Converse (16, stated that grain damage could be c]ass1f1ed
as externa1 or 1nt°rna1 " They added that ‘both types of damage m1ght .

N

a]?j occur WLth either phys1ca1 or physiological changes in the grain

pridr to harvestmg and during sMnd hand(}g;ng ‘after harvest.

They found that ph¥§1ca1 damage enhances certa?n physiological changes -

that accelerate the, deter1orat1on of the" graln They conc]uded

that externa] damage -0CCUrs ]argely with thresh1ng and transport1ng 7

‘after thresh1ng,_whereas internal damgge.gggurs~1n-storage "’*(

According to Mohsen1n (26) kernel damagedgccurs when the. \
kerne] 1s forced through %00 sma]ﬂ an opening or exper1ences too ‘
great an impact during threshing. The author a]]egessthat damaged

‘gra1n does not germ1nate weﬂ] has a greater tendency to deve]op )

L)

-mo]d whcn stored and adversely effects the milling quallty if the
species’ js wheat Gra1n damaged by impact mayvvary from a comp]ete
spgﬁng og the kernek‘mt@two or more segments to smaH ha1rhne

cratks 1nv1s1b1e to the.haked eye: Even sma]] cracks 4n ;pe kernel

coat’may allow 501\,bac\ér1a to enter the kernel and i 1b1t v1ale1ty.

b

‘ N\ ' s
. - '
! . . ‘
i . sy

’
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It is eii&ent that damaged kernels are a loss even when they
' ' a

are not expelled with the—chaff from the combine and that grain dama
' (AN

is never less than that reportediby any investigator. On the other:
hand, grain left in the head or fhreéhabi]ity can be readily determined.

Cylinder Speed.

The most common cause of grain.dama%e g the spock and impact

experienced by the kerne} during mechan(éél handling (15). Louvier

and Calderwood (25) conducted a series of tests to find the amount

of bﬁgakage w;fch wou%ﬁ result from dfopping milled rice from various

heights onto a bin floor. ~The émount of breakage-increased with an

increase in the velocity at tHe time of impact. Breakige was reduced
4

60% if the floor sloped 45° with respect to the horizontal.. Impact

is a function of the change in’ve]ocity which is reduced for an

inclined surface.

Pickett (31) stated that in harvesting navy beans, damage
ihcreased,as the cylinder speed increased. - Clark et al (08 ), in an.

attempt to determine the effect of impact with cotto%_seed, concluded

that "at energy absorption levels above thrééﬁinch‘odnces, s]oW]y

,applied loads aré more detrimental to seed germination than dynamic-

1oads“. They- added that cdtton seed is more susceptibde to damagé

from impact on the side than on the radicle end of the kernel and that

there is no direct relationship between damage and moisture content

Bilanski (13) studied the effect of 1mpact and found that corn ,was

weakest when placed on its edge and strongest when placed on its flat

side. | | '. . ' J
Arnold and Jones (7) found that complete avoidance of



L./ k. G"

~
8 . \

hreakage of Capbe]]e'Desprez wheat with a moisture content of less than
15 whs possible only with ay]inder speeds less than 360?gfeet par
minute. Tﬁey a]so found that Koga 2 wheat was more resistant ta
breakage than Cappelle Desprez 1nd1cat1ng a cu1t1var d1fference with
respect to damage. Arno]Qp(4) sESEEH‘iﬂét increasing thé cy]1nder
speed frOM’3§OO to 6500 feet per minute reduced the améunt of
unthreshéd grain but failed to achieve 100% thre§h1ng‘efficiency,,the
- maximum being 99.5% for grain at a maisture content of 13.7%. Vas

and Harrison (36) found that threshability (threshing efficiency)

| increased with an increasing cylinder speed\but at a decgk$sing rate
with 11tt]e 1h§§gase above 1000 rpm (5496 ft/min). Arnold (4 )
conc]uded that to achieve 100% threshability, that is, remove the last
few kernels from the ear, a cy]1nderaspeed considerably greater than
6500 ft/min would be necessary.

King and Riddolls (24) found differences in damage of wheat and
peas for ?jfferent cylinder speeds to be highly Significant'in the
range of {OOO to 1400 rpm.” The damage increased approximately 1% for
eaah 50 rpm increase.' The damage ranged from 1.8 to 16%. In tHa next
year they used cylinder speeds ranging from 600 to 1200 rpm 1ﬁ 100 rpm
~Tncrements. Again the damage at different cylinder speeds/was

¢h 100 rpm

significant and increased by approximately 3 1/2% for

increase.

#

Cy11nder diameter and bar spacing. /

Arnold (4) found an optf;:; cylinder diameter (21 in.) with
regard to kernel damage, but the effect was so small tha¥ it could be

neglected. Arnold (4) and Arrold and Jones (7) found no evidence that
3 “"

5
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the bar spacing effected the kerne]‘damage;\ As for threshability,
there is an apparent lack of references re rding the effectg of
cylinder diameter and bar spacing.

Concave clearance.

Arnold and Lake (s) conc]gffflfcgt;fo Rbe cultivar

‘Cappe]le Desprez a small concave clearance ( 3/4 in.) caused

appreciable damage 1f the, moisture contént was low ( <]5%) Though
o

~ they found a re]at1onsh1p between concave clearance and damage, they

v
noted that the c]ear?pee*had no effeéct on germination. As for
£

3

threshability, they obtained an increase in fhe amount of unthréshed
grain if they increased the clearance from 1

4 in. to 5/8 in. For

the cu1tivar\Park, Vas and Harrison (36) determined that the
différence in threshability between 1/2 in. and 3/K\in. concave
c]garance was greater than the difference between 1/2 in. and 1/4 in.€§

concave clearance, especially at a low cylinder speed.

Concave length. - S

For the cultivar; Koga 2, Arnold and Lake (5) obtained
less than 1% unt®reshed grain (threshability) at al1 cylinder speeds

over 3500 ft/min when a 20 in. concave length %as used. Using a

L AN

6 2/3 in. length of concave, the unthreshed portion rénged from 5%

at 3500 ft/min to 2% at 4500 ft/min. With regard to gra1n damage, a

- small increase, less than 0.4%, occurred if the concave length was

Vb,

doubled from 6 2/3 in. There was no additional damage for add1tlpna1;‘

concave 1eﬁgths.

. ? )
These authors also found that a closed concave caused four

g



timeﬁyas many broken kerpels as an open type. The consluded that the

difference in threshab1]1ty produced by the two concaves was
t

-

negllgub]e
Feed,rate.

Bynnejle et al (14), and others (10,2]}29,30), sgete that

'increés{ng thelthhoughput or feed rate increased the amount.of ’

unthreshed grain in the rack-and shoe eFfluent (threshability). They
frequent]y found that the relationship between the feed - rate and the
threshab1]1}y was ]1ne?r. On the other hand, Arnold (4) found that |
within a feed rate of 72 to 240‘1bs/min, there was no apparent- change
in the thke;habi1ity. Neither did‘Vas and Harrison (36) experience a
threshébi]ity response for feed rate. Nyborg et al (30) found a
de2¥ease in the threshability for an increase in the gra1n to ‘non-
grain ratio,fwhen the non-grain feed rate was held constant.

Arnold (4), Arnold and Lake (5) and Bainer et al (129 found~
that an increase in the feed rate reduced the damage although the
effect was usually sma]].' For example, the damage experienced by
Arnold (4) fell within the range of 0.68‘and 0.33%. Vas and Harrison
(36) hoted a similar decrease in damage for an equal increase‘iﬁ the

feed rate. Y

Crog_presentatfoh))v4 . . s
Arnold (4) noted that the man?er in wh1ch the Crop was fed to

‘the cylinder had no effect on the kernel damage or viability of either

wheat or barley. On the other hand threshabi]ity was greatly improved

~

when the érop was presented head-first as opposed to butt;firstl For

feeding wheat and barley butt-first, the cylinder Joss (threshability)

T
£

/
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* 8
was more than twice as great as when the crop was fed to the cylinder

) . . /
head-first, head-on-top, and stalks parallel (normall.

Moisture content.

Arno]d andédones (f) and Arnold et al (g) allege that grain

damage is consistently greater for low -moisture grain than for high.
They found that damage was minimum in the moisture range of 17.5%

. S
to 22% and concluded tRat this moisture content is a "safe zone" with

_regard to grain damage Arnold et al (8) found that with an increase

in the mofsture content of wheat from 15 to 25%, the'grain loss
doubled indicating thatp threshability decreases with an‘increase ihi
the moistvur:e content. 4”\,.'-" |

Caldwe]? and*Mitchel1 (17)- determined the amount of»grain damaéev
for dffferent mqisture contents, concave clearance, and cy]inder speeds.
The gfeatest‘ihcident of grain damage occurred at the 10west m01Eture
level, 16% moisture content, and at the h1ghest cy11nder speed At

N
all moisture levels the ]gwest cy]1nder:spéed was associated with the

~

1east amount of damageu They recorded grain damage up to 61% which may

reflect their assessment criterfa which specified that a kernel was,

considered damaged if it had any break in its surface Xhen examined

\ u

unden\Q,microscopé.

« King and-Ridd%]]s (24) extended‘theiruprevious study and found

that damage at a cy11nder speed of 1200 to 1400 rpm was much 1ower for

a mo1sture conten% of 19. 2% than at 13. 2% The effects of mowstug/

N .
content and cylinder speed were both : 1 ificant. Using a narrower

moisture range in a subsequent, year, tﬁey found that only the cylinder

speed was significant.

"



Arnold and Jones (7) investigated damage caused by different _
cylinder speeds and moisture content. They selected combine harvesters

at random and took grain samples from the machjnes at regular time

- intervabs. They recorded the cylinder speed for each machine, and for

each sample, determfned the moisture content and the percentage of
damaged grain. The moisture contents ranged from 16.1 tq 31.8%,
cylinder sp;eqs from 4335 to 6447-ft/min. and grain damage from .7 to
10.6%. A regression analysis of thefdéta’ihdicated tha£ the damage
inéreased with cylinder speed ang/decreased with moistqre?cdntent. _
) Gos;‘et d% (21) foun&’fﬁ;f/;hgn harveé;ing Bar]ey at 7-to %} ;
moisture content in California, grain %@mage amounted E? 5% at a )
cylinder speed of 3800 ft./min. For harvesting bdr]ey fn'Minnesoﬁafat .
12% moisture content_and a cydtnder speed of 4800 ft./min., Delong and
Schwantes (19) found the damage to be 1.1/3 times that found by Goss
et al (21). Ca]dwei] and Mitghell {(17) found that the germination of
wheat and oats Qgs reduce en the crop§ were thfeshed at a'grain
moisture content .other than in a range of 17 to 22% and this agrees

with Arnold's concept (7) of a "safe zone" of moisfure éontent;' Other

investigators (9;]2,]4,]95 21) have indicated that grain damage increases

with a decrease in the moisture content but there does pot appear to be

enoﬁgh research to firmly establish the relationship between )

threshability and moisture content.

-

Summarx.

Investigations by various researchers indicate that the speed

of impact is the prime cause of kernel damage. In the first instance;

impact is imparted to the kernel by the cylinder bar. The cdnqave

v

J o
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bars prevent some of the grain from hoving eutward, thus imparting
another impact and causing a repeat of the sequence. The kerhe]\wiﬁi
absorb some of the impactlenergy but if the ve]ocities are too large,
damege will occur. On the other hand, as the cy]]nde//speed increases
the threshability 1ncreases and at* high. cy11nder speed there is less
un;hreshed grain. H1gh feed rates cause less kerne]'damage and Tow
threshability, though some authors found no change in threshab1]1ty
With a change in feed rate. Another factor is concave clearance. A

- decrease lin cJearance causes greateﬁ damage and?higher threshability
but the change is minor relative to the cylinder speed. The‘effect of
cylinder diameter and concave length are also minor re]at1ve to
cylinder speed On the other ﬁand kerne] damage and threshab111ty
increase substant1a]]y w1th a decrease 1n the moisture content of the

A

grain.

D



1N
'a. EXPERIMENTAL D‘/ESIGN

‘§e1ectibn of. Variables.

The evidence from the 11terature review is that the var1ab1es or
factors affect1ng grain damage are the cylinder speed feed rate,
concave clearance, cy]1nder d1ameter, cylinder bar space, concave 1engfh,
moistfire content, crop presentation add the cultivar. Of these factors,l
: cy]inder'speed feed rate, and concave c]earance are ea51]y changeab]e
‘" and are the usual adjustments ava1]aglg\fo the operator( With the excep-
tion ‘of the concave clearance these factors were varied in the exper1m°nt.
The concave clearance was not altered on the suggestidn of Vas' (35)
o //)?A1sture was included in the expé;1ment because of its importance with
regard to gra1n damage and threshab1]1ty W1th regard -to crop presentat1on,
the normal mode of heads first, heads-on- top was used. Cylinder diameter, -
bar spacing and concave length were not "aried because 9f the limited
response experienced by other researchers and _the d1ff1cu7ty in effecting
the1r change.

Variable Definitions.

Moisture content (XM) on a wet basis is the percent by weight of

water removed from the grain when dried at 266%F for 20 hours (20).

~ ‘.(_,

CyTinder speéd (XS) is the rotational velocity of the chinder in

< - :
revolutions per minute. . : o oy

¥ ° 4
i H

Feed rate (XF) is the totaJ amount of material including grain, i

straw and chaff that is fed to the cylinder per unit time expresSed,én )
.pounds per minute. !
‘Kernel damage (YD) is the percent weight of kernels in a sample

-



:all broken| cracked or.chipped kernels.
| Initial threshed grain (W1) is the amount of grain collected
dur1ng the first threshing of the’ _€rop that was not expelled with the
eff]uent \e ' R
Rethreshed grain (WZ) is the amounﬁ of grain co]]ected
from a secgnd thresh1ng¢of the crop. This grain was ]eft in theu
head during the initijal threshing and is normally lost or wasted.
Threshab111ty (YT) is the percent by weight of grafn removed |
from the'head during initial threshing; that is,
| = (WI/W1 + W2) 100
Total wastage (YTW) is the»amouneqﬁg grain damaged plus the
amount of grain’left in -the head; that s,
YTW = (YD x W1) + W2 _ | :

Selection of{ijézer Leve]s.
. i\

Vas (35) found a m1n1mum grain loss or wastage at a cylinder

speed of 751 rpm and, therefore, 700 rpm was selected as the minimum
speed for. the experiment. Arnold (h) found that érain damage was a
minimum within the range of cylinder speeds of 4500 to 5500Aft /min,

A cylinder speed of 900 rpm was selected because it fe]] within this

X

t

range. Because the highest cy11nder speed suggested by the
gﬁ%acturers for thresh1ng wheat is 1?20 rpm, a cylinder speed of
1100 rpm was se]ected as the maximum, '
Five ]eve]s of moisture content were selected in ani%cipatjon
of obtaining a cyr:i]inear re]ationshjpvbetween the dependent

variables and the moisture content. - In Western Canada, wheneverf
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possible, grain is harvested at a moisture"congent which will avoid
the necessity for sub;equent artificial drying. For wheat this moistﬁre
content is 14% and was, therefore, one of the levels selécted. Because
threshing occurs at moisture contentsAbelow ]4%, a 12% level was -included.
In other parts of the world, such as the United Kingdom, threshing i% -
carried out in a range of moisture contents between 17 to 22%. In v1ew
of th]S the other three levels of moisture content se]ecteg were ]6 18,
and 20%. The higher mo1sture contents were 1nc]uded to explore the
application of threshing at these levels 1ﬁ\western Canada.

It was intended to use the same ‘levels of feed rate as Vas 35)
but, with the higher moisture grain, there wasvinsu}ficient power. In
this circumstance the maximum feed rate.was 200 1bs/mio. <The;pther two
feed ratesﬂwere 100 and 150 1bs/min.

Statistical Design of Experiment.

The experimental design is a split-plot (Table 1) and was

-
P

selected rather than tusﬁEETBXQte ranndomized block: because it was

LY ' 6 a
impractical to randomize the moisture content.. Afm1n1mumrgf one week
“was required to obtain a desired moisture content ahd,gther‘fore, 1t was

necessary to condition all the grain requ1red for a repllc te at one

time. The split-plot design provides some estimates with

\ .

precision than others (32,38)«
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TABLE 1: FORM OF ANALYSIS | /

™
X, ™

SOURCE, OF VARIANCE

Rep]ifatg (R) 3
Moisture Content (M) 4
Error 1 ' ; - 12
Sub-total }> ]9
Cylinder Speed. (C) ‘ : 2
Feed Rate (F) ’

Moisture Content x Cylinder-Speed (M x C) 8
Moisture Content x Feed Hate (M x F)* 8
Cy]%nder Speed x Feed Ratk (C x F) 4
Moisture Content x Cylindelr Speed x Feed Rate 16

. (MxCxK) . : ,
Error N 120 -

‘Tota] 179
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P 4. FACILITIES -
; =
Genetal:

s

| fhe experiment was carried out using the facilities of the
Departnent of Agr1cultura1 Engineering, Un1vers1ty of Alberta. The
faC1]1t1es included a stationary threshing unit, clean1ng units,
mea5ur1ng 1nsk<uments, and a cond1t1on1ng room for obtaining the E
de51red moisture content of the crop.

Cond1t1on7n9 Room

The temperature and hum1d1ty in the conditioning room were

lable w1th1n a temperature range of 40 to 859 and a re]atlve

‘gmldlty range of 20 to 90%. These ranges will produce a range ‘of
moistur conte at temperatures (23) which will avoid deter1orat10n
of the grainand straw from mold and 1nsects '

The conditioning room had a floor area of 500 SQvft An

8 ft by 8 ft door facilitated transfer of sheaves, The crop was

unt11 the required moisture content was obtalned

Temgerature and Humldltx of Condltlonlng Room. .

| The humidity in the cond1t10n1ng room was ma1nta1ned by

. d1echarglng steam directly intg the room (23)., The entrained
condensate in the steam was removed prior to dlscharge A small
cwrculat1ng fan aided in%the dlstr1but1on of theczteam in the
cond1t1on1ng room. A Johnson HC 4550 electronlc room humidity
controller (23) was used wh1ch has a range of 20 to 90% RH with a
sen51t1v1ty of + 5%, The room temperature Was maintained-using a

~ steam to hot air heat exchanger A Johnson HC 4550 electronic room

7

15
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thermostat (23) was used which has the range of 40 to 85° with a

\

ssensitivity of + 50, ,

Threshing Unit.

The stationary threshing uﬁit{ysed for.the‘experihent,.except'
for the main drive, has been described by Vas and Harrison (36). Most
component parts are commercia]]y available, spec1f1ca]1y be1ng those

.used in the Massey ~-Ferguson 205 self- prope]]ed combine. A schematic
diagram by Vas and Harrison (36) is shown in Figqre 1 and an overall
view of the threshing unit, excluding the electric motor, in Figure 2.
The specifications of the components of the thresh1ng unit are given .
in Appendix 3.

_Cleaning Units and Head Thresher. ©

The main cleaning unit consisted of a comneécial fanning mill
with the addition of a vibratory screen. The add1t1on was required in
order t0sade&Late]y process the large quantity of straw. A schematic
diagram by Vas (35) is shown in Figure 3 and the fanning mill in
Figure 4. The other cleaning unit is a?sma11 fanning mill shown in
Figure 5. The head thresher has a spike- tooth cy]1nder 4 172 1nches

in d1ameter and 6-inches wide. (F1gure 6)

Thermo—Hygrograph.

A thermo-hygrograph (33) was used to record the temperature and
huhﬁdity It is a robust, simply constructed but reliable instrument. ’
The . temperature sensitive e]ement is a laminated str1p of two metals |
having a different coeff1c1ent of Tinear expansion. The humidity |
Sen51t1ve element is a cluster of specially prepared human hair. that

has the property of alterlng lengths for changes in relat1ve humidity
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9

The laboratory threshing unit.

Figure 2:



VIBRATOR — 3>

SCREEN A

COLLECTION BOX

Figure 3:

¢

+4

Schematic diagram show1ng the series of screens
used in cleaning the grain sample. (35

19



Figure 5: Tﬁe-élipper cleaner.’



Figure 6: The head threshing unit.
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but is relatively insensitive to changes in temperature. The range of
the recording chart was 0 to 100°F and 0 to 100% RH.

Other Instruments.

A conical gravity flow sample divider was used for obtaining
samples of grain. For moisture determinations,a forced draft oven
was used, but for quick determination of moisture content, a Halross

Model 919 (27) was used.
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5. MATERIALS AND METHODS. .

Threshing Material. °

The cultivar used for the experiment was the hard red spring
wheat, Park. The characteristics of the cultivar (34) are early
‘maturity and good resistance to lodging and %hattering‘ Park ie
considerablyseasier to thresh than other commen cultivars, such as
Thatcher. Tse crop wes cut with a binder in the yeqsfprior to the
experiment and stored outside under a plastic cover. The strew to
grain ratio ranged between 1.2:1 to 2 8:1. The straw-to-grafn ratio
for each trial is given in Appendlx 10
Sample Se]ection. }
Fhe sheaves were hauled from the outside Storage to the

harvesting Taboratory and stacked on wooden pellets. The statks were
numbered and by using a random number table, twenty sheaves were taken
by random from the d1fferent Stacks.

®

Crop Conditioning.

The se]ect@d sheaves were placed on rackshin the conditioning
room. Using the American SQ 1ety of Agr1cu1tura] Engineers Data 245.)
(2), the appropr1ate temperature and relative hum1d1ty were determined
and used to set the thermoctat and hum1d1stat to obtain the requlred

moisture content of the crop. T

Much d1ff1cu1ty Was experienced in Obt31n1ng the 20% moisture
content dur1ng the month of Novenber It was not possible to obtain
a high relative hum]dlty at a high temperature betausehof the Tow
ambient temperature. Moistore condensed on the walls of fhe room

because'the wall temperature was lower than the air temperature inside
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the room. The hum1d1stat responded w1th add1t1ona] steam but the
added moisture 1mmed1ate1y condensed’ on %he wa]]s In addition, av
high relative humidity and temperature favours mold development.- To
avoid these prob]ems, the conditioning unit was turned off and the
doors opened. In the month of Noyember, the mean ambient temperature

in the Edmontonaarea is 24.5°F and the mean re1ative humidity-is;74%
(28). This temperatyre and humidity is such that the equilibrium
moisture content of wheat is 20 to 22%. Within 3 days of expesure
to ambient tempefature and humidity, a moisture level of 22% was
obtained. The moisture level was reduced to 207 by closing the doors

O¢

and keeping the temperature above the freezing po1nt for a few days.

Threshing Un1t.

The threshing unit was adjusted in accordance.with the nine
treatment combinations given in Appendix 1. .The cy]jnder speed and
the feed rate for each trial were obtained by changingvthe sprockets

\\jﬁ the power transmission-units, The frgnt cdnzave clearance was
11716 of an inch with 1/8 r the rear as sugdested’by Vas (35). The
quantity of crop for each run, was 50 pounds.a value that was suggested
by Vas (35) as be1ng adequate
Initial Run.

The procedure for each run was to bring a number of sheaves from
the- cond1t10n1ng room and then we1gh out 50 1b us1nq a p]atform scale.
The crop was then spread uanorm1y on the who]e length of the conveyor

_with the heads-up and head-first conf1gurat10n. The cy]}nder of the
'threshlng unit was engaged and when. 1t had obtained the specified speed

the feed conveyor was started The gra1n and other threshed material’

passing through the straw walkers was col]ected and ‘subsequently

<
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separated using the c]eaniﬁg units (see Appéndix 4). The partially
threshed heads obtained from the cjeaning units were threshed {n thé
head thresheraaqd the free grain added to W2, the grain normai]y 1osf
- (see Appendix 5). A 5 1b saﬁp]e was taken from the W1 sample and, by
using a sample divider, a 100 gram sample was obtained for analysis of
the.kernel damage. i

Rethreéhed Run.

The straw and partiaT]y threshed heads coming over the straw

walkers were /collected and subsequently spread uniformly on the

.conveyor and rethreshed with thé thréshing unit. The free grain‘aﬁd

other threshéd material passing through the walkers was collected and .
.subséquently separated with the cleaning units and added to.w2

(normally lost).” The partially threshed heads obtained from ﬁhe c1eaning :
units were threshed in the head thresher wigp this grain also being |

2

" added to W2. The total weight of the clean grain (Wl + W2) for each
trial is-given in Appendix 6. |

s

*Kernel Damaqe.

Any daméged kernels that were visible. to the naked eye,‘were removed
from the samples taken for the analysis of kernel damage. The weight of
the damaged kernels was expressed as a pemcént of the 100 gram sample

(Appendix 7).
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6. RESULTS

Analysis of Variance - Kerne] Damage.

\N
The ana]ys1s of variance for kernel damage is given in Table 2.

The main effects of kerne] damage due to mo1sture content an“ cylinder
speed are h]gh]y significant but that for the feed rate is not. The

means are given in Table 5. "The moisture content x cy]1nder speed
interaction (M x C), the moisture content «x feed rate intehaction

(M x F) and the cylinder speed x feed rate interaction (C x‘F) are all
significant. The moisture content x cylinder speed x feed rate
llnteract1on (M x C x F) is significant but only at the 0.05 probability -
level. ' '

The interactions noted above indicate that the damage response
for each of the three factors (moisture content, cylinder speed and
feed rate) were not 1ndependent of the level of the other two factors
\F]gure 7. 1nd1cates that the sdamage response was similar for a]] levels
Qof cy]]nder speed. For examp]e, the least damage occurred at. 20%
moisture content for a]] cylinder speeds. On the other hand a m1n1mum
damage occurred at a 14% moisture content for the 700 and 900 rpm
lTevels but a similar minimum occurred at 16% for the 1100 rpm Jevel.

A$/for the feed rate, a similar situation exists; thatzis; the
damage response was similar for all levels of feed rate with important
exceptions (Figure 8). |

l The interaction of cy]1nder Speed and feed rate is 1]1ustrated
in Figure 9 with the responses at 1100 rpm belnq oppos1te to that

_obta1ned at a cylinder speed of 700 rpm.

Ed ' . - -



>,
’

ra

27

TABLE 2: ANALYSIS OF VARIANCE (KERNEL  DAMAGE).
Source of Variation - Degree of Sum of Mean
_ v Freedom Squares  Squares F
R = Replicate - 3.{ - 0.898 0.299 0.75
M = Moisture 4‘ 46.538  11.635 29.47%+ .
<

Error 1 = (Replicate x Moisture) 12 4,736 0.394

Sub-Total - - 19 .

C = Cylinder speed 2 32.458 16.229  76.24**

F = Feed rate . 2 0.243 0,121 0.57

CxF k 4 3.630  0.907 - .4.26 4

CxM 8 18.97  2.363 11,70 #*-

FxM 8 5.261°  0.657 3,08 xx

CxFxM ) -&§'650 0.416 1.95 *
V2 i

Error 2 120 g” 25,543 0.212

- Total , 179

o * Significant at 0.05 probability Tevel.
**  Significant at 0.01 probability level.
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Ana11§1s of Variance - Threshab111tx

LS

The main effects of threshab111ty due to” mo1sture‘content and
cy11nder speed are significant (see Table 3). The.means are Q1V€” |
in Table 5/ As expected the max1mum threshability occurred with the
 lowest hoisture level (12%) whereas the minimum occurred for the"
highest moisture content (20%). . Except forgthej]B% moistdre'content,
the threshability decreased with an increase of moisture content, a
ftrepd similar to that for-daﬁage. The threshability increased
(Tab1e 5) with ansincrease of cylinder speed, with the greatest
: threshability bccurring at 1100 rpm and the least at 700 rpm.

Ana]ys1s of Var1ance - Total wastage

With regard to total wastage, the s1gn1f1cant main effects were
due to the mo1stUre»content and the cy11nder'speed‘(see Table 4). There

is only one signfficant interaction and that is the. cylinder speed x
L

moisture content fﬂn opt1mum mo1sture content may exist in the 12 to

'

v16% mo1sturj content hut it matters Tittle if the mo1sture content is
%

'Y

'1essvthan 20% (Table 5). The reSponse of total wastaqe due to cylinder
speed weslgpposite to, that obtained by Vas,and‘Harriepn (36). On the -
other,hang, the moisture”content used byLVas‘and Herrison was 10% and

_ there_exists a pdssibi]ity‘that had 10% been iﬁc]dded;fh this experiment
the response may'have been oppositertd that obtained'at 12% above.

fa
4



TABLE 3 : ANALYSIS OF VARIANCE (THRESHABILITY).

32

Source of Variation Degrees of ., Sum of Mean
, : Freedom Squares  Squares F
R = Replicate 3 5.179 1.726 0.48
M = Moisture §IL 4 164.59 41,146 {}(60**
L | ‘ .
Error 1 = (Replicate x Moisture) 12 42.56  '3.54
Sub-Total 19
C = Cylinder speed. 2 782.55  391.27  111.47%*
"F = Feed rate 2 8.03 4.015 1.14
CxF | 4 ~11.287 - 2.8218  0.80
CxM 8 - 29.937 3.74  1.06
FxM ‘ 8 © 28.694  3.58 1.02
CxFxM | ‘ 16 o2 49.833  3.T146 0.88
: 1Y
Error 2 120 2 -421.66  3.51

Total . 179

** Significant at 0.01 probability level.
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TABLE 4: ANALYSIS OF VARIANCE ( TOTAL WASTAGE ).

R

33

** Significant at 0.5% probabi]ify level,

<

’

/ .
Source of Variation Degrees of Sum of Mean
: Freedom Squares Squares F.
= Replicate 3 4,69 1.56 1
= Moisture Content 4 50.03 ]2.51~ 3.98*
Error 1 = (Replicate x
. Moisture Content) 12 38.81 3.23
Sub-Total 19
C = Cylinder Speed 2 512.03 256.02 68.76**
F = Feed Rate 2 8,50 4.25.  1.08
CxF 4 12. .22
X ~ 12.90
CxM 8 72.47 9.06 2.48*
“F xM 8 39.64 4.95 1.33
CxFxM * 16 63.02 3.94 1.06
A
Error 2 120 446.77 3.72
Total 179
* Significant at 5% probability level.
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TA&&E 5: DAMAGED AND UNTHRESHED GRAIN AND TOTAL LOSS MEANS.

Moisture Content Damaged* Unthreshed** Total**
() () (%) (%)
12 2.09 6.73¢ .69 N
14 | 1.25% - 7.39%¢ 8.57°
16 | 1.028 8.512b 9.443b
18 1.467 7.94%¢ 9.293b
20 0.55 9.522 10.02P
Cylinder Speed
(rpm)
700 ' 0.79 10.79 ©11.50
9bo - 1.20 757 8.62
1100 1.83 5.76 7.49
Feed Rate ' : |
(lb/min) .
100 - 1.32° ~ 8.00°
150 1,240 A A
200 » 1.25% 8.29°

~a, by, ¢ - means with the same superscripts in the same column are not
significantly different at the 1% probab1]1ty 1eve1
* Percentage of threshed grain.

*k Percentage of all grain.
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7. -DISCUSSION OF RESULTS

Cylinder Speed,

Arnold (4) and others (8,]],]2,26) have stated that in the
threshing process, an ear of grain is subjected to one or more 1mpacts
by the cylinder bar and it is the impact that d1s]odges the kernels.
Most researchers (3,4,5,10,11 ) have found that an increase in the
cy]]ﬁder speed increases the amount of kernel danagéﬁxas wasboﬁta1ned
from th1s study. Vas and Harrison (36) suggest that the relationship
between the cylinder speed and the kernel damage is an impact process
or model. An elaboration of this model is as follows:

mvy + impulse = mv2 or
Ft= m(v2 - v]) |
where F is the force of impulse or impact
t'is the duration (time) of the impact
m is the mass of the ear . o
i is the velocity of the ear pr1or to impact
vy is the ve]oc1ty of the ear after 1mpact
The cylinder velocity and vy are essentially the same and vy iﬁ( :
so small relative to Vo it may' be neglected; that .s,.ﬁ
F= mv/t | , '
If the cylinder speed is doubled t is reduced by a half or

F' = m(2v)/t/2

dmv/t

Fr=ar

In other words , the impgzi is the squdre of the change in the cylinder

speed. At 700 rpm‘the damage obtained was 0.8% whereas at IIOO.rpm
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it was 1.8%. The increase in damage is in the ratio of 1.82/.79 or
2.3 which is equivalent to the square of the fncrease in the cylinder
bar{ygfg??ty. , |

| .'g (1100/700)° = 2.4.

With regard to threshab{]ity, Vas and Harrison (36) have
suggested that Ebe impact model also m;;?account for the decrease in
the amount of_graip left in the ear with an increase in the cylinder
speed; that is, the mechanism to detach the kefﬁe] from the ear may be
similar to the mechanism of kernel damage. At ?00 Epm, the grain left
in the ear in this experiment was 10.8% (100- - %9.2) whereas at 1100
rpm it was 5.8% (100 - 9275). The decrease is slightly ‘more than one-

- half which only approximates the recipéoca] of‘(]]OO/7OO)2. In fact

~ the reciprocé] of 1100/700 provides én equa]]y-aCcurate estimate of the
decrease of the grain left in the ear. Though these calculations
suggest that the impact mode1 does not apply for .threshability, in
?pqint of fact, it_ma%;//]he causal relationship between threshabi]ity;
and cylinder speed is likely to be affected by tﬁe variability in the
attachment of thé_kerne] to fhe.éar“ For kernel damage thevkerneJ
strength may be quite uniform from kernel to kerne]’and, as a resulg, .
the damage iS‘aimost(exclusive]y a fﬁnction of é change in the

| cylinder §peed. ;ith regard to threshabi]i%y;>if the gttachment is
uniform, the threshability will be an -exclusive function of the
cylinder speed. The evidence from the results is that to achieve T00%
tﬁreshabi]ity; that is remove all of the kerne]shfrom the ear, a cylinder.
speed in excessj;f 2000 rpm might be Fequired. Appareht]y}some kernels

N -

are difficult to dislodge from the ear.
the gar-
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- . . ) _
The damaged grain during the cleaning process 1s separated and

treated as a lass. This-loss is known as dockage. Thus the grain

<

damage does not affect the seed or commercial grain

Feed Rate.

Vas?and Harrisen (36) experienced a reduction in the damage with
an increaée in feed rate and attributed. this reiationship td a
cushioning effect or model at the higher feed rate. Similar results
were obtained in this study but only et the 12% moisture cdntent level.
With regard to threshability, Vas and Harrison (36 ) suggested thet a
frictional model might.be involved a]ond,with the cughfdning model,
with the former off-setting the effects of the latter. The same may
apply with regard to kernel damage at moiéture-cdntents of 14% or

higher. In any event,threshability, and at higher moisture contents,

damage, are not affeeted by the feed rate.

Moisture Content.
| Bilanski (13) found that d%%ater enerqy was'required to break
wet.kerne]é than those having a lower moisture éontent.h Similarly
Zoerb and Ha]l’(395 fonnd that the energy fequired_to damage grain by
ifpact inereases with an inenea§e>0% moisture content, but noted an .

exception at a mo1sture content of 18% (wet ba51s), which agrees w1th

the resu]ts of th1s study Zoerb and Hall (39) commented that there 15'

. O
- ah_increase in the shear strength of the kernel at this moisture confent.

This apparent increase in the shear strength may be due to a
change in a fa11une mechanism of the kernedl which'is similar to
_the change suggested by Vomcil and Chancellor (37) for soil. - They (37).
suggested that a ehange in failure mechanism occurs when soil changes

‘from a plastic to a brittle state.

|
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For a moistureé content greater than 18%,it is apparent that the
kernels are quite soft. They will deform without exhtbjting any visible
fracture. The change in the shape of the kernel or déformation was
readily seen.: “

Total Wastage.

The response of damage and unthreshed grain ‘was such that when}
thes= effects were added together the tota] ]oss was largely 1ndependent
of the moisture content; thet is, with respect to grain 1oss, there is
no advantage to thresh thé cultivar Park at any particular moisture
content‘within the range of 12 to 18%. With negard tp the\ey]inder speed,

-

however, the optimum is very much a function of the moisture content.

For the cultivar in question at a moisture content of 10%, Vas and \
Harrison (36) indicated that the optimum cylinder speed shou]d be less
than 800 rpm. For the same cultivar but at a moisture content of 12% or
greater, the opt1mum cy11nder speed should be ]100 rpm or greater. It

is apparent that the optimum changes abrupt]y between 10 and 12% moisture

content. It is worthwhile to note that the optimum cylinder speed of

less than-800 rpm is less thanAthe>minimum‘recommended by combine

manufacturers and that 1100 rpm is near the maximum suggested by the (,z |

manufacturers.

o
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\ 8. SUMMARY AND CONCLUSIONS

The amodnt of kernel damage in threshing is dirextly related
to the square of the ve]ocity of the cylinder bar. Excebt for the
18% moisture content the damage degreased with an increase in
moisture content. The complex relationship is attr1buted to a
change in the failure mechanism withir the kernel which seem1ng1y
is associated with a change in the state. of the kerne] from brittle 5 ‘

to plastic.

Py

With regard to threshability, it also decreased as the moisture
-content increased with the same exeeptidn at 18% moisture content.
The form of the relationship is identical to- the form noted with
~respect to the kerne] damage and therefore, the change in the

” failure mechanism of the attachment would also seemingly be associated

with a change in state from brittle to plastic. »

A summary'of the observations are:
Kernel damage increases with cy11nder speed, decreases with
mo1sture content, and is 1ndependent of the feed rate,
At low1mo1sture contents (less than 18%) the grain seems™to
be britt]e because the kernels fracture and break into pteces.
‘At high moisture content (greater than 18%) the -grain 'seems to
be plastic because the kernels change shape without fracturing. o
The total wastage increases with‘tneleylinder speed but is

largely independent of the moisture content.



4]

The optimum cylinder speed with regard to total wastage
should be 1100 rpm or greater for all moisture contents from

12 to 20% which is greater than that usually recommended.

’
SR
Ar
!
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APPENDIX 1I:

Ce -

10. ¥ APPENDICES -

LIST OF TREATMENT COMBINATIONS.

MOISTURE CONTENT (XM) - % ~12%, 14%, 16%, 18%, 20%.

Trial No,

Cylinder Speed Feed Rate
(X. - rpm) (X, - 1bs/min)
C F
, S 700 ' 100.
700 150
700 200
900 : 100 -
900 - | 150
900 200- °
1100 100
1100 150
1100 200
/‘\’6: .g%

45
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d' B
9

APPENDIX 2 . RANQQTIZED ORDER OF THE TRIALS.

»

Replicate 1 Replicate 2 Replicate 3 Replicate 4
~ 5 8 2 6

9 ] 2 3 7

8 4 8 .3

] 9 6 5

3 1 ] 8

7 3 5 9

P
g ° 6 9 4
6 5 4 ]
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-APPENDIX 371 SPECIFICATIONS OF THRESHING AND CLEANING UNITS.

¢ (')

THRESHING UNIT SPECIFICATIONS
CYLINDER
| Type o Rasp bar
Number of bars 8
Diameter 22 int
Width 26 in.
Speed - 205-1150 rpm
CONCAVE
Type ~ Open grate
Clearance - Front, 1 -/
‘ Clearance - Rear - 5/8"
BEATER (BEHIND CYLINDER) o
’ - Diameter ’ ~ L. 15"
Number of blades 4
Speed - 705 - 710 rpm
STRAW WALKERS )
Number ' - 3
. Type Single step open bottom
hN Throw ) -2
Walker shaft span
Speed 195 rpm
Width (per walker) © 30 in.
‘Length 130 in.
FEEDER CHAIN ' j
Length . F nsin.
Width 24 in,
i Speed 350 rpm
L o
FEED CONVEYOR _
‘Length U ‘ 50 ft.
Width - 3 ft.

Speed ‘ 100,<350; 200 ft/min



CLEANING UNIT

CLEANING SCREEN

Number of Screens

Screen A )
Length
Width
Opening
Pitch

Screen B
Length
Width
Number of Brushes
Opening

Screen C
Length
Width
Opening

-

HEAD - THRESHER

N
Type
Diameter
Width
Speed

48’

SPECIFICATIONS
3

26 1in,

21 in.
3/§"X7/8"
10

24 1in.

24 in.

4

14/16 in.

15 in.
9 in.
16/64 in.

Spike tooth
4 1/2 in.
6 in.
500 - 1250 rpm



APPENDIX 4 WEIGHT OF INTIAL

MOISTURE CONTENT -12%

TRIAL
NO

WO NETWN 2

MOISTURE CONTENT -14%

oy

T RIAL
NO

WO LEWN =

[N

CYLINDER
SPEED

700
700
700 .
900
900
300
1100
1100
1100

CYLINDER
SPEED

700
700
700
900
900
900
1100
1100
1100

&

FEED
RATE

100
150
200
100
150
200
100
150
200

FEED
RATE

100
150
200
100
150
200

"100

150
200

3

b

GRAIN CATCH (W1) LBS

- 18.06

17.49

17. 41

18. 90
18.26
19.45
19.25
19.73
20.17

18.86
19.04
17.16
18. 41
18.50
19. 47
19.28
18.64
18.10

A

W1

REPLICATES

11 J11
17.87 19.25
17.67 19.60
17.10°  16.63
19.47 19.92
18.72 19.62
19.30 18.00
18.60  18.60
19.54 19.78
20.79 19. 24

W1

REPLICATES

IT  III
18.04 18.50
17.60 18. 94~
18.52 19.05
20.54 19.70
19.00 19.90
20.08 18.92
19.80 19.94
21.82 20.88
20.96 20.52

13.52

17.55
18.57
19.99
19.22
18.89
20.10
19.62
19.80

Iv

17.60
17.80
18.06
18.20
19.45
20.06

- 20.14

20.62
18.94

49



MOISTURE COYTENT -16%

TRIAL CYLINDER
NO SPEED
1 700
2 700
3 700
4 900 °
5 900
6 900
7 1100
8 1100
9 1100

TRIAL CYLINDER
NO SPEED
1 700
2 700
3 700
4 900
5 900
6 900
7 1100
8 1100
9 & 1100

MOISTURE CONTENT -20%

TRIAL  CYLINDER

NO

VOO E LN -

SPEED

700
700
700
900
900.
900
1100
1100
1100

L)

100
150
200
100
150
200
100
150
200

FEED
RATE

100
150
200
100
150

- 200

100
150
200

FEED
RATE

100
150
200
100
150
/200
100

- 150

200

(

MOISTURE CONTENT -18%

17.20
18. 65
17.51
20.30
20.40
19.34
19.55

© 20.36
17.16

18.05.

17.30
14.80
18.60
18.17
18.62
19.06
19.20
19.30

15. 64
16.08
15.26
18.30
17.82
17.40
17.62
14.72
16.50

W1
REPLICATES
II I11
21.26 17.57
18.30 15.62
16.46 11.76
19.32 17.35
18.82 17. 92
19.76 17.84
Zo.56 19.04
19.84 19.10
24,54 18.84
W1
REPLICATES
I IIT
'15.36.  11.54
17.25 18. 10
16.12 15.49
18.90 17.10
17.56 16. 64
16.23 15.67
18.82 19. 14
20.49 16.92
16.80 17.82
W1
REPLICATES
11 III
16.30 15.75
15.66  16.04
14,32 15.64.
15.96 17.81
16.94 “16.34
17.58 16 .60
17.22 17.88
18.60  16.54
17.60

18.50.

IV

18.36
16.48
17.65
19.36
17.85
17.80
21.02

0.42

0.10

Iv

17.94

17.14

15.30
19.30
18.33
17.56
16.56
18.45
17.38

v

< 17.20

18.26

- 14.58

17.91

- 18.16

17.20

. 15.486

18,22
17.88

50



APPENDIX 5 . WEIGHT OF RETHRESH GRAIN CATCH (W2) - LBS

MOISTURE CONTENT -12%

TRIAL CYLINDER
NO SPEED
1 700
2 700
3 700
4 900
5 900
6 ~ 900
7 1100
8- 1100
9 1100

TRIAL CYLINDER _

NO

VOOV EWN
. ?

MQISTURE CONTENT -14%

SPEED

- 700
700
700
900
900
900
1100
1100
1100

FEED
RATE

100
150
200
100
150
200
100
150
200

2.15
1.90
1.35

1.40
1.41
0.75
1.10
1.10

1.65
2.15
1.90
1.75

. 1.65

1.55

- 1.20

0.50

0,42

O

0.9b

W2
REPLICATES
II III
2.23 1.64
2.00 1.10
2.27 1.70
1.50 1.17
1.17 1.25
1.40 0.92
1.07 1.07
1.15 . 0.72
1.15 1.18
W2
REPLICATES
Iz 111
3.00° 2.50
1.95 2.50
2.26 2.10
1.62 1.46
0.70 1.40
.58 1.50
1.30 0.70
1.07 1.00
1.02

Iv

1.22
1.92
1.81

01.33

1.26
1.22
0.67
1.20
0.77

Iv

2.03
2.04
1.50
1.46
2.06
0.88

~1.40

1.17

122

51
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MOISTURE CONTENT -16%

TRIAL CYLINDER

NO

OO NN WA -

i 2
MOISTURE CONTENT -18%

TRIAL CYLINDER

NO

VLONOALEWN

MOISTURE CONTENT -20%

TRIAL
NO

WO NEWN

SPEED

700
700
700
900
3900
900
1100
1100
1100

SPEED

700
700
700
900
900
900
1100
1100
1100

CYLINDER
SPEED

700
700
700
900
900
900

1100

1100
1100

FEED

. RATE

100

-~ 150

200
100
150
200
100
150
200

FEED
RATE

100
150
200
100
150
200
100
150
200

FEED
RATE

100 -
150
200
100

150

200
100
150 ,
200

2.54
2.42
2.51
1.68
1.11
1.42
1.08
1.12

2.56.

1. 42
1.50
2.80
1.86

1 L] ou‘

1.70
1.86
0.72
0.81

2.40

-2.09

2.04
1.72
1.70
1.22
1.50
0.88

1.50

J

v

W2
REPLICATES
T IT III
1.76 2.08
2.25 2.50
2.60 1.86
1.72 2.47
1.59 1.74
1.38 1.42
1.40 0.82
1.12 0.95
2.02 1.10
w2
REPLICATES
I1 I1I
1.66 1.57
.21 1.84
"1.80 1.85
1.35 1.24
1.10 1.25
1.22 2.37
1.20 0.97
1.32 1.45
.1.70 1. 34
W2
REPLICATES
II CIIT
2.57 2.6
1.00. 2.61
2.72 2.43
1.82 1.55
1.13 2.02
. 1.64 .. 1.81
1.00 1.13
T 1.12 1.73
.1.34 1.25

1.35

IV

.53
2.34
2.23
1.56
2.36
1.40

. 0.87

0.95

21.09

Iv

1.80
1.95
1.15
1.40
1.37
0.90
0.92
1.53

Iv

2.48
2.76
2.79
1.73
1.81
1.79
1.35
1.42

- 1.09

52 -



TRY
NO

VOOV s WN -

APPENDIX - 6

V///”\\u

TOTAL WEIGHT (WI) -LBS -

' MOISTURE CONTENT -12%

AL CYLINDER FEED .

SPEED

700
700
700
300
900
900
1100
1100
1100

¢

RATE : I
100 20. 20
150 19.30
200 18.70.
100 20. 40
150 19. 60
200 20.80
100 20.00
150 20.80

200 721.20

MOISTURE CONTENT/-14% .

TRIAL CYLINDER FEED

NO

LN NEWN

SPEED

- 700

~700
700

- 900
900
900 -
1100 »
1100
1100

RATE I
100 - 20.50
150 S 21,10
200 19.00,
100 20. 10
150 20.10
200 21.00
100 20,40
150 19. 10
200 18.50

S

r WT _
REPLICATES

II I11

20.10 20.80

19.60 20.70

19.30 18.30
20.90 21.00
19.80 .~ 20.80

20.70 18.90°

19.60 19.60
20.80 20.50
21.90 20.40

WT
REPLICATES
II III

21.00 21.00

19.50 21.40 .

20.70 21.10

22.10 21.10

19.70 21,30

. 21.60 20.40

21,10~ 20.60

22.80 - 21.80

-

Iv

18.70

19. 40

20.320
21.30
20.40

© 20.10°

20.70
20. 80
20.5

Iv

19.60

19.80
19.50 -
19.60
- 21.50
- 20.90
. 21. 50
©21.70
~.20.10

53



TRIAL CYLINDER
NO SPEED
(32 700

2 700 &

3 700

4 900

5 900

6 900

7 1100

8 1100

9 1100

. ‘}"
MOISTURE CONTENT -16%

MOISTURE CONTENT -18%

TRIAL CYLINDER

NO

VOdOOTNEWN

SPEED

700
700
700
900
900
900
1100
1100
1100

MOISTURE CONTENT -20%

~F

FEED
RATE

100
150
200
100
150
200

- 100

15¢C
200

FEED
RATE

100
150
200
100
150

© 200

100
150
200

TRIAL “CYLINDER FPEED

NO

VENOUVE W =

SPEED

700
700
700

900
900
1100
1100

- 1100

900

N -

Fm

et

“RATE

100 .
150
200
100
150 .
*200
100°
150
200

€

19.70
21.00
20.00
21.90
21.50
20.70
20. 60
21.40
19.70

19. 40
18. 80
9. €0
20. 40
19.20 .
20. 30
20. 90
19. 90
20.10

18.00

18.10
17. 30
20.00
19.50
18. 60
19. 10
15. 60
18.00

WT
REPLICATES
11 111
23.00.  19.60
20950 18.10
19.00 13.60
21.00 19.80
20.40- 19.60
21,10 19.20
21,90 19.80
20.90 20.00
26.50 19.90
WT. .
REPLICATES
11 III
17.00 = 13.10
19.40 19.90
17.90 17.30
20.20 18.30
18.60 17.80
17.40 18.00
20.00 :20.10
21.80 18.30
18.50 19.10
_WT
REPLICATES
II III
18.80 18,20
16.60 18.60
17.00 18.00
17.70 - 19.30
18.00  -18.30
19.20 18.40
18.20 19.00
19.70 18.20
18.90 19.70

Iv .

19. €0
18. 80
19.80
20.90
20.20
19. 20
21.80
21.30
21.10

Iv

19.70
19.00
16.40
20.70
19270

~18.40

17.40
19.90
18.70

v

49.60

21.00

17.30

19. 60
19.90

18.90

16. 80
19. 60
18.90

54



APPENDIX .7

MOISTURE CONTENT -12%

TRIAL

NO 

WO sWN =

MOISTURE CQNTENT -14%

TRIAL
NO

VOV U & WN -

CYLINDER
SPEED

700
700
700 -
900
900
900
1100
1100
1100

CYLINDER
SPEED

700
700
700
900 .
900
300
1100
1100
1100

MECHANICAL DAMAGE (YD) - %

FEED
RATE

100
150
200
100
1507
200
100
150
200

FPEED

RATE

100

- 150

200
100
150
200
100

"150

200

]

0.80
1.10

0.90

1.50
3.00
1.74

4,50
'2.15

2,95

0.56

1.35

0.'. .7 1 ’
0.95

1.15
1.46
1.7u

T 1.76

0.63

ID

REPLICATES
11 I1I
1.00 0.90
1.00 1. 00
0.85 0.88
1965 -1.70
1.48 3.27
1.69 1.73
4.42 4.67
2.20 2.17
3.00 3.10
YD

REPLICATES .
1T III
0.55 *0.30
1.20. 1.36.

0,71 0.35.
1.00 . 1.00 ..
1.52

~1.00 0.60
3.35 2.26 -
1.70 1,72
1.80

. 1.90

55

Iv

1.25
1.27
0.76
3.00
1.u4 J
1.55
3.93
3.20
3.50

Iv

0.63

0.85

- 0.56

1.10

0.58
1.23

S 2.29
1.75 .

.82
B
7 o

I
.-Q
N
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 MOISTURE CONTENT -16%

TRIAL
"NO

\D@\_IG\U’QWN—&

ﬁOISTURE CONTENT -18%

TRIAL
" NO

COIONNLEWN -

MOISTURE CONTENT -20% :

TRIAL
NO

VOV W o

CYLINDER
SPEED

700
700
700
300
900
900
1100
1100
1100

CYLINDER
SPEED

700
700
700
900
900
900
1100
1100
1100

FEED
RATE
100
150
200
100
150
200
100
150
200

FEED
RATE

100
150
200
100
150
200
100
150
200

CYLINDER FEED

SPEED’
700
7oov,

900

- 7900
1100
. 1100

100

RATE

100
150
200
100
150
200
100
150
~-200 |

I

0.47
0.20
0.53

2.00 .

&

2.20
0.44
0.80
1.00
1.10

0.85
0.75
0.62
1. 40
0.57
0.80
1.12
1.01
1.04

-0.43

0.86
0.69
0.52
0.25
0.68
0.77
0.67
0.90

YD '
REPLICATES
II III
0.62 0.58
1.45 . 1.50
0.55% . 0.63,
0.45 2.15
2.13 " 0.70
0.53 1.08
1.15 . 1. 26
1.15 1.10
1.35 0.65
/ .
YD
REPLICATES
II III
0.80 0.90
0.72 0.61
2.63 0.68.
0.70 0.65
2.48 0.45
2.52 2.42
2.18 - 1.66
1.13 2.75
- 2.38 2.40
YD
- REPLICATES
IX I1I
0.38 0.30
0.30 0.53
0.66 " 0.39
0.48 0.51
0.25 0.29
0.53 0.41
0.75 0.76
0.70 0.76
0.90 ., o0.56

56

am

Iv

1.00
0.70
1.30
0.64
1.15
0.82
1,17
1.00
1.05

Iv

1.08
1.00
1.00
1.33
0.75
2.35
3.39
2.65
2.80

Iv

0.22
0.48
0.40
0.53
0.30
0.43 -
,0.75
0.79
0.65
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A

APPENDIX 8

v

/7 .

5

HOISTURE CONTENT -12%

TRIAL

NO

WAL WA -

2

. YDISTURE CONTENT -14%

TRIAL

NO

VOGO EWN —

f 28

*

CYLINDER
SPEED

300
700
700
900
. 900
900
1100
1100.
1100

CYLINDER
SPEED

700
700
700.
900
900
900

1100

1100

1100

THRESHABILITY VALUES (YE) - %

FEED
‘RATE

100
150
200
100
150
200
100
150
200

FEED
RATE

100
150
200
100

150

200

100 .

150
200 .

g

5

89.36
© 90.20

92.80
92.56
92.88

.93:24

96.25
94:.72
94.83

91.96.

89.85
90.03
91.32
91.81

92.63
© 94,14

97.39

- 97.73

"95.71

95..26

”

YT
‘REPLICATES
11 ©IX
88.91 92.15
89.83 94.69
88.28 90.73
92.85 94,45
"94.12 94,01
93.24 © 95,14,
94 .56 94,56
94 .44 96 .49
94.76 94.22
YT
REPLICATES- ,
I III,
" 85.74 88.10
90.03 88. 34 -
89.12 90.07
92,69 93.10
96.45 93.43
092,71+  92:65
93,84 96.61
95,33 95.43

© 57

IV
93.49
90.14
91.12
93.76°
93.85
93.93

96.77
94.24

196.26

Iv

89.66

- 89.72

92.33 "
92.57

90.42

‘95.80
93.50
94.63 -
93.95



MOISTURE CONTENT -16%

TRIAL CYLINDER

NO

' VWOJOW L& W =

MOISTURE CONTENT -18%

TRIAL
NO

CONDANUVEWN

HOISTURE CONTENT -20%

TRIAL
NO

WOV S WA -

SPEED

700
700
700
900
900 =
900
1100
1100
1100

CYLINDER
SPEED

700
700
700
900
900
900
1100
1100
1100

CYLINDER-
SPEED -

700
700
700
900
900
900 °
1100
1100
1100

FEED
RATE

100
150

200 .
100

150
200 -
100

2150

200

FEED
RATE

100
150
200
100
150
200...
100
150
200

FEED

RATE

100
150
200
100
150
200
100
150
200

87.13
88.51
87.46
92.36
94. 84
93.16
94.76
94.79
87.02

92.71
92.02
84.09
90.91
94.59
91.63
91.11
96.39
95.97

86.70
88.50
88.21

91,41

91.29
93.45

92.15

94.36

91.67

YT
REPLICATES
II 11t
92.35  89.41
89.05. 86.20
86.36 86. 34
91.83 87.54
92.21 91.15
93.47 92.63
93.62 95.87
94 .66 95,26
92.39 94,48
YT
REPLICATES
II I1T
90.25 88.02
88.64 ~-90.77
89.96- 89.33
93.33 93.24
94 .11 93.01
93.01 86.86
94.01 95. 18
93,95 92,11
90.81 93.01
YT
REPLICATES
II III
86.38 86.49
94.00 86.01
84.04 86. 55
"89.76 91.99
93,75 89.00
©91.47 90. 17
94,51 94,06
94.32. 90.53
92,93

- 93.67

58

IV

92.31
87.57
88.78
92.54
88.32
92.71

96.03

95.55
94.86

Iv

90.88
89.79
93.01
93.24
93.05
95.12
94.74
92.34

92.79

1v

87 440
86.87
83.94_
91..19
90. 94
90.57
91.97
92.77
94.25



APPENDIX 9

T

/

MOISTURE CONTENT -12%°

TRIAL CYLINDER - FEED

SPEED

700
700
700
900
900
900
1100
1100
1100

' o=
mcn\Jmcﬂx=er- o

MOISTURE CONTENT -14%

TRIAL CYLINDER
NO SPEED

700
700
700
900
900
900
1100
1100

\Om\JC'\U'!CbJN-\

1100 -

RATE

100
150
200
100
150 /-
200 (
100
150
200

FEED

RATE .

100
150
200
100
150
200

- 100

150
200

™

€0

2.29

2.09 ..

1.51
1.80
1. 95
1.75
1.62
1.52
1.70

" 1.76

2.41

2.02

1.92
1.95
1.77
1.48
0.82
0.74

TOTAL WASTAGE (YTW) - LBS

1.44 '1.36

1.32 1.41

YTH
REPLICATES -

II 111
2.41.. 1.81
2.18 ° 1.30
2.42 1.85
1.82 1.51
“1.45 1.89
1.73 1.23
1.89 1.94
1.58 1.15
1.77 1.78

YTH
REPLICATES .

IT . IIT -
3.10 7 2,56
2.16  2.76
.2.39 2.17.
1.83 - 1,66
*0.99 1.53 -
1.78 - 1.61
1.96 . 1.1s

~

Iv

1.44

2.14
1.95
1.93
1.54
1.51
1.46
1.83
1.46

"IV

2.14
2.19

2.17

1.13+

1.53

1.56

59

".1 - 6 o
"1.66



MOISTURE CONTENT -16%

TRIAL CYLINDEFR
NO - SPEED

1 700
2 700
3 700
4 90¢C
5 900
6 =~ 900
7 1100
8 1100
9 1100

FEED
RATE

100
150
200
100

150 4

200
100
. 150
t 200

MOISTURE CONTENT -18%

TRIAL CYLINDER

NO SPEED
1 700

2 700

3 700

4 900

5 900

6 900

7 1100
8 1100

9 1100

FEED
RATE

100
150
200
100
150
200
100
150
200

MOISTURE CONTENT -20%

TRIAL GQYLINDER
NO SPEED

700
700
100
300
900
900
5 1100
1100
1100

WO & WA -

FEED
RATE ’

100
150
200
100
150
200
100
1150
200

&

2.62
2.46
2.60
2.09
1.56
1.51
1.24
1.32
2.75

1.57
1.63
2.89
2.12
1.14

1.85
. 2.07

0.91
1.01

2.47
2.23
2.15
1.82
1.74
1.34
1.64
0.98
1.65

YTW
REPLICATES
II I1T
1.89 2.18
2.52 - 2.73
2.69 1.93
1.81 2.84
1.99 1.87
1,48 1.61
1.64 1.06
1.35 1.16
2.35 1.22
YTW
REPLICATES
I1 111
1.78 1.67
2.33 1.95
2.22 1.96
1.48 1.35
1.54 1.32
1.63 2.75
1.61 1.29
1.55 1.92
2.10 1.77
YTW
REPLICATES
11 III
2.63 2.51
1.05 - 2.70
2.81 2.49
1.90 1.64
1.17 2.07
1.73 1.88
1.13 1.27
1.25 1.86

1;5f} 1.35

60

1.71%
2.46
2.46

1.68

2.57
1.55
1.12
1.15
1.30

Iv.

1.99
2.12
1.30
1.66
1.51
1.31°

1.48
2.02
1.84

Iv

2.52
2.85
2.85
1.82
1.86
1.86
1.47
1.56.
1.21,



\\\{ @

APPENDIX 10 :  STRAW:GRAIN RATIO (S:G)

-

° ‘

\j) MOISTURE CONTENT -12%

TRIAL CYLINDER FEED

NO SPEED RATE I

1 700 100 1.47

2 700 - 150 1. 58 .
3 700 200 1. 66

4 900 100 1. 45

5 900 150 1. 54

6 900 200 1. 40

7 1100 | 100 - 1. 50

8 1100 150 .40

9 1100 200 41, 35

-

" MOISTURE CONTENT -149

TRIAL CYLINDER FEED

NO SPEED RATE I

1 700 100 1. 44
2 700 - 150 1.36
3 700 200 1. 62
4 900 100 1.48
s 900 150 1. 48
4. 900 200 1.38
7 1100 100 - ! 1. 44
8 1100 150 . - 1.61
9 1100 200 1.70

S:G &
REPLICATES

IX 111
1.4& 1.39
1.54 1.41
1.58 1.73
1.38 1.37
1.51 1.40
1.41 1.64
1.54 1.54
1.42 1.44
1.28 1.45
‘S:G
EPLICATES
TI1 I11
1.38 1.38
1.56 1.33
1.41 1.36
1.26 1.36
1.54 1.35
1.3% 1.45
1.37 1.42
1.18 - 1.28

1.28 ° 1.32

61

Iv

1.67

1.57
1. 45
1. 34
1. 44
1.49
1.41
1. 40
1.43

IV

1.55
1.52
1. 56
1.5\
1.32
1. 39
1.32
1.29
1. 48



MOISTURE CONTENT -16% 7 S:6G
TRIAL CYLINDER FEED REPLICATES
NO SPEED RATE I II 111 IV
1 700 100 “1.53 1.17 1.54 1. 51
2 700 150, 1. 37 1.43 1.76 1. 66
3 700 200 1.50 1.62 2.67 1.51
4 900 100 ) 1.27 1.38 1.52 1.39
5 900 150 1.32 1.45 1.54 1.47
6 900 200" - 1. 41 1.36 =  1.60 1. 60
7 1100 o100, 1.42 1.28 1.52 1.28
8 1100 150 1.33 1.38 1.49 1.34
9 1100 © 200 1.53 0.88 .51 1. 36
MOISTURE CONTENT -18% I S:6G
TRIAL CYLINDER FEED REPLICATES
NO SPEED RATE A II S IIX IV
1 700 100 1.57 1.9¢ . 2.81 1.53
2 700 150 1.66 1.57 1.51 1.62
3 700 200 1. 84 1.79 1.38 2.04
4 900 100 1,44 1.47 .72 1.41
5 900 150 1. 60 1.68 1.79 1.54
6 900 © 200 1. 46 1.86 1.77 1.71
7 1100 100 1. 39 1.50 1.49 1.86
8 1100 150 1. 51 1.29 1.72 1.50
9 1100 200 1. 49 1.70 1.61 1.67
~ MOISTURE CONTENT -20% S:G
"TRIAL CYLINDER FEED ‘ REPLICATES
NO SPEED RATE ‘ I II | III IV
1. 700 100 1.77 1.65 1.757 1.54
2 700 150 : 1.75° 02.00 1.68 1.38
3 700 200 - 1.89 1.93 1.77 - 1.88
NS 900 . 100 1.50 1.81 1.58. 1.55
15 900 150 1.56 1.77 1.72- 1.50
6 900 200 1.68 . 1.60 1.72 1.63.
7 1100 100 1. 61 1.74 .68 1.97
8- 1100 150. 2.20 1.53 1.74 1. 55
9

1100 200 ’ 1.78 1.64 1.53 1.64



