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Harrison, H.P. 1992. Grain separation and damage of an axial-flow
combine. Can. Agric.Eng.34:049-053.The patterns for grainpassing
throughthe concave and separating grates of an axial-flow combine,
and the grain damaged by threshing and separating, were determined
for barley. Nearly 85% of the separated grain passed through the
concave grates with 40% through the right-hand side. The patterns
were largely independent of the feed rate, moisture content, helix
angles of the transport vanes, rotor speeds and concave clearances;
whereasthe grain damage was independent of only the concave clear
ance and the vane angles. The percentages of skinned and broken
kernels were small, rarely exceeding 5%.

Dans le cas de Torge, on a determine le mode de passage des grains
a travers les grilles de separation et le contre-batteur (Tune
moissonneuse-batteuse axiale, ainsi que le grain endommage par le
battage et la separation. Pres de 85 % du grain separe est passe dans
les grilles du contre-batteur, dont 40 % du cote droit. Les modes de
passageetait independants en grande partie du taux d'alimentation, du
taux d'humidite, des angles d'helices des «aubes de transports de la
vitesse des rotors et de recartement du contre-batteur, tandis que les
dommages causes aux grains n'etaient independants que de
recartement du contre-batteur et de Tangle des aubes. Les
pourcentages de graines decortiquees ou cassees etaient faibles et
excedaient rarement 5 %.

INTRODUCTION

A recent addition to grain harvesting technology has been the
threshing rotor ofan axial-flow combine (Harrison 1991). The
major differences were to change the pathway of the crop from
an arc to a helix (Lamp and Buchele 1960), and to replace the
straw walkers with a centrifugal separator (Long et al. 1967).
The technology has not been universally endorsed by farm
machinery manufacturers or their customers (Harrison 1983);
consequently, there is much to be gained from evaluating
axial-flow technology.

OBJECTIVES

The objectives were to determine the separating patterns for the
concave and the separating grates of an axial-flow combine (IH
1460)and the kernel damage for barley, as affected by the feed rate
and moisture content of the crop, the helix angle of the transport
vanes, rotor speed, and concave clearance of the combine.

EXPERIMENTAL EQUIPMENT

The experiment was conducted using a table and feeder con
veyor, an axial rotor (610 mm diameter), grates and cage, less
the discharge beater, from an International Harvester 1460
combine. The three concave sections were the same as those

specified by Nyborg et al. (1978) for barley. The rotor drive

was from the pull type version. A right angle gear box was
added enabling the tractor to be located outside the harvesting
laboratory. The equipment, along with a twin set of canvas
conveyors, is part of the laboratory harvesting facilities at the
Ellerslie Research Station of the University of Alberta (Fig. 1).
A laboratory experiment was deemed necessary to control the
moisture content of the crop and to minimize experimental
error.

EXPERIMENTAL PROCEDURES AND DESIGN

The independent variables or factors and their quantities or
levels for the experiment were:

feed rate 10 and 15 t/h

moisture content (w.b.) 10%, 14% and 18%
transport vane angle 11°,22°and 33°
rotor speed 800 and 1000 rpm
concave clearance 7 and 15 mm.

Grain damage was not determined for the 14% moisture con
tent and the 22° vane angle.

The grain and other material, which passed through the
concave and separating grates, were collected in pails. Funnels
for the pails divided the area under each grate into a three by
three grid for a total of eighteen. After cleaning the contents of
each pail, the free or threshed grain was weighed. Partial heads
from each pail were then threshed, cleaned and weighed.
Percentages of the total grain which passed through both the
concave and the separating grate were calculated thus enabling
comparisons between separating patterns. A sample splitter
was used to obtain about a kilogram of the threshed grain for
a visual determination of the grain damage. The damage,
which was calculated as a percentage of the total grain, in
cluded skinned as well as broken kernels.

A fractional factorial design was chosen for the grain dam
age because of the time required to hand examine all
combinations. The intermediate moisture content and vane

angle were omitted so that there was the same number of levels
as there was for the other three factors. This enabled a frac

tional factorial design at two levels in addition to reducing the
total complement from 72 to 36. By selecting a half-fraction
design, the complement was further reduced to 16 with a
minimal loss of information regarding the responses for the
five factors (Box et al. 1978).
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Fig. 1 Twin crop conveyors of the harvesting laboratory with the table,
feeder, rotor and cage from an IH 1460 combine.

DISCUSSION OF RESULTS

Grain separation

The separating pattern for the threshed and unthreshed grain is
given in Fig. 2 (top). Nearly nine times as much grain passed
through the concave as through the separating grate irrespec
tive of its threshed state. Wang et al. (1987) observed a similar
front to rear pattern for the separating grate of a New Holland
TR85 rotary combine. They concluded that for this grate,
separation was a decaying exponential function similar to one
expressed by Reed et al. (1974) for combine walkers. The
function is characterized by a fixed percent of the grain being
separated for each span of equal length, from the front of the
walker or the separating grate, to the rear. The pattern for the
concave grate is quite different. Between the first and second
section of the concave the separation does not decay but is

50

magnified, particularly on the right side.
The lateral unevenness of the separation

from right to left will load the shoe un
evenly thereby increasing the combine shoe
loss, or conversely, reducing the combine
capacity. Nyborg et al. (1978) observed the
same for the IH 1460 in barley but not in
wheat. Wang et al. (1984) observed a lateral
unevenness near the front of the concave of

the NH TR85 rotary combine in both wheat
and barley. The unevenness will not affect
the shoe to the same degree as it does for the
IH 1460 because the NH TR85 has twin
rotors.

The lateral unevenness is largely a func
tion of the rotor intake and its geometry.
Crop enters the rotor-concave along the
side as well as the front, and it is along the
right side for the IH 1460 because the rotor
rotation is clockwise when viewed from
the rear. Separation on entry is usually a
maximum as the grain to material-other-
than-grain (MOG) is maximum, and as
much grain has been threshed previously
by the table auger and other crop convey
ing devices. The longitudinal difference
between the first two concaves, especially
along the right side, is attributed to the dif
ference in the porosity between the two.
The first concave had a 6 mm spacing
whereas the second (and third) had 15 mm.

The effect of the feed rate, moisture con
tent, transport vane angle, rotor speed and
concave clearance on the total grain distri
bution pattern (threshed and unthreshed
added together) can be seen in Figs. 2 (bot
tom), 3 and 4. Even though a crop is
reckoned to affect its entry, neither the feed
rate nor the moisture content altered the

pattern in any substantial way. Pragmati
cally, all the differences are trivial.

Grain damage

Estimates of the effects for the factors apro
pos the grain damage are given in Table I.

They were calculated using a method given by Box et al.
(1978) for a half-fractional factorial design. Only seven or
eight of the estimates in Table I are "distinguishable from
noise", i.e. did not happen by chance. By ignoring the higher
order interactions, as suggested by Box et al. (1978), the list is
further reduced, and by ignoring the higher order interaction
component for these estimates, the list dwindles to the main
effects for the feed rate, moisture content and rotor speed
along with their simple effects.

The grain damage was almost equally divided between
skinned and broken kernels (Table II). The damage decreased
with the increase in the feed rate and in the moisture content,
but increased with the increase in the rotor speed. Of greater
interest are the interactions because they reveal that the (sim
ple) effect for one factor depends on another thus identifying
critical combinations. The critical combination of the three
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Fig. 2. Separating pattern for the threshed and unthreshed
grain (top) and for the 10 and 15 t/h feed rate

(bottom).

Table I. Estimates of the main and simple effects for the
fractional factorial design

Fig. 3. Separating pattern for the 10 and 18% moisture
content (top) and for the 11°and 33°helix angle
of the transport vanes.

Table II. Grain damage (%) -skinned and broken kernels

Feed rate (F) + SxCxAxM

Rotor speed (S) + FxCxAxM
FxS + CxAxM

Concave clearance (C) + FxSxAxM

FxC + SxAxM

SxC + FxAxM

FxSxC + AxM

Vane angle (A) + FxSxCxM

FxA + SxCxM

SxA + FxCxM

FxSxA + CxM

CxA + FxSxM

FxCxA + SxM

SxCxA + FxM

FxSxCxM + Moisture content (M)

Skinned Broken Total

-1.079

1.356 Feed rate 10 t/h 1.1 1.0 2.1

-0.87 15 t/h 0.5 0.4 0.9

-0.254

0.359 Moisture content 10% 1.3 1.2 2.5

-0.259 18% 0.3 0.2 0.5

0.265

-0.111 Vane angle 11° 0.8 0.7 1.5

-0.832 33° 0.8 0.7 1.5

-0.101

0.282 Rotor speed 800 rpm 0.5 0.3 0.8

0.56 1000 rpm 1.1 1.1 2.2

-1.032

0.888 Concave clearance 7mm 0.8 0.8 1.6

-1.931 15 mm 0.8 0.6 1.4
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Fig. 4. Separating pattern for the 800and 1000 rpm rotor
speed(top) and for the 7 mm and 15 mm concave
clearance.

M 600 rpm
E2 1000 rpm

10X 18X MOISTURE CONTENT 10% 18X
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Fig.5. Simple effects ofthe feed rate, moisture content and
rotor speed for the grain damage.
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Fig. 6. Concave and separating grate origins of the grain
damage.

first-order interactions can be seen in the second-order inter
action given in Fig. 5. Substantial kernel damage (5.3%)
occurred for the minimum feed rate and moisture content, and
the maximum rotor speed.

The separating pattern for the damaged grain is given in
Fig. 6. Much more of the grain which passed through the
separating grate,thanthrough theconcave, wasdamaged. The
highest percentage occurred for thelastsection of theseparat
inggrate which was large inview ofthe small amount ofgrain
that passed through thissection. Theincrease ingrain damage
withaxialdisplacement of the grain is likely some function of
the number of impacts the kernels were subjected to as they
werebatteredrepeatedly by the rotor and concaveor separat
inggrate. Like the separating pattern, the damage pattern was
largely unaffected by the feed rate, moisture content, vane
angle, rotor speed and the concave clearance.

CONCLUSIONS

The pattern for thegrain passing through theseparating grate
parallel to the rotor axis was a decaying function whereas it
was parabolic for the concave; furthermore, it was skewed to
therightsidecausing an uneven loadfortheshoe. Thepattern,
which wasaffected by the crop entry, was largely unaffected
by the feed rate, moisture content, vane angle, rotorspeed or
the concave clearance.

The grain damage for barley was equally divided between
skinned and broken kernels. The total was a function of the
feed rate, moisture content and the rotor speed and largely
independent ofthe transportvaneanglesand the concaveclear
ance. It wasa minimum near the concaveentrance, increasing
linearly to a maximum at theexit to the separating grate.
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