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INTRODUCTION

Vas and Harrison (4) have defined the
loss of grain associated with the cylinder
of a combine as the sum of the damaged
and unthreshed grain. The latter, but not
the former, is readily assessed by the
operator. Assessing damaged grain is
complicated because it cannot be readily
defined. It may vary from small cracks in
the seed coat, which are invisible to the
naked eye, to splitting of the kernel into
two or more segments. Bacteria can enter
the kernel through small cracks and
thereby inhibit its viability and increase
its tendency to mold when stored (2). It
is evident that damaged kernels can be a
loss even when they are not expelled with
the chaff from the combine.

Vas and Harrison (4) allege that an
optimum cylinder speed exists with
respect to the total grain loss. They found
that the optimum cylinder speed was less
than 800 rpm for the cultivar Park with a
moisture content of 10% (wet basis,
WB)a. Eight hundred rpm is less than the
minimum cylinder speeds recommended
by most combine manufacturers. Because
the moisture content of the grain used by
Harrison and Vas (4) was low, a project
was initiated using the cultivar Park at
five levels of moisture content from 12 to
20% (WB)b. The other factors in the
experiment were three levels of cylinder
speed (700, 900, and 1,100 rpm) with a
cylinder diameter of 21 inches (533 mm)
and three levels of total feed rate (100,

150, and 200 lb/min (45, 68 and 91
kg/min)). The concave clearance was
fixed on the recommendations of Vas (3).

rate with greater precision than the
moisture content.

a The cultivar Park is Triticum aestivum L.,
cv. Park, an early maturing hard red spring
wheat, resistant to shattering and lodging,
with a mid-long straw developed in 1963 at
the Research Station, Agriculture Canada,
Lacombe, Alta.

b All moisture contents were determined on a
wet basis.
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FACILITIES

The stationary threshing and clearing
units used have been described by
Harrison and Vas (4). A conditioning
room was used to achieve the required
moisture content of the cultivar. The

temperature and humidity of the condi
tioning room were controllable within a
temperature range of 40-85°F (4-29°C)
and a relative humidity range of 20-90%.
The crop was kept in the conditioning
room at specified temperatures and
humidities until the required moisture
content was obtained.

PROCEDURE

The cultivar used had been harvested
with a binder the year previous at the
Ellerslie Research Station of the Uni
versity of Alberta. The stacks of sheaves
were numbered and by using a random
table, 20 sheaves were taken at random
from the different stacks. The selected
sheaves were placed on racks in the
conditioning room. After conditioning,
50 lb (23 kg) of the cultivar were
weighed and placed on a 50-ft (15-m)
conveyor, ears-up and ears-first. The
various combinations of cylinder speed
and feed rate were selected in a random
order. The procedure was then repeated
for the cultivar at another moisture
content.

The experimental design was a split-
plot and was used rather than a com
plete randomized block because it was
impractical to randomize the moisture
content. A minimum of i wk was re
quired to obtain a desired moisture con
tent and therefore it was necessary to
condition all the cultivar required for a
specific moisture content at one time.
The split-plot design provided estimates
of the effect of cylinder speed and feed
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RESULTS

The analysis of variance for the
damaged grain is given in Table Ic. The
main effects of moisture content and
cylinder speed were significant but those
of the feed rate were not. The damage
decreased with cylinder speed but
increased with moisture content (Table
II). The interactions indicate that the
damage response for each of the three
factors (moisture content, cylinder speed
and feed rate) was not independent of the
level of the other two factors. Figure 1
indicates that the damage response was
similar for all levels of cylinder speed,
with the least damage occurring at 20%
moisture content for all cylinder speeds,
but a minimum occurred at 14% moisture
content for the 700 and 900 rpm levels
and at 16% for the 1,100 rpm level. A
similar situation existed for the feed rate
and moisture content interaction; that is,
the damage response was similar for all
levels of feed rate with important excep
tions (Figure 2). With regard to the
cylinder speed and feed rate interaction
(Figure 3), the damage was minimum for
100 lb/min (45 kg/min) and maximum
for 150 lb/min (68 kg/min) at the 700
rpm level but was the opposite at the
1,100 rpm.

The main effects of moisture content
and cylinder speed on the unthreshed
grain were significant (Table I)d. As
expected, the minimum unthreshed grain
(Table II) occurred with the lowest
moisture level (12%) whereas the maxi
mum occurred for the highest moisture
content (20%). Except for the 18%
moisture content, the unthreshed grain
increased with an increase in moisture

c The damaged grain is a percentage of
threshed grain (ASAE S343).

d The unthreshed grain or the total loss is a
percentage of all the grain (ASAE S343).
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TABLE I ANALYSIS OF VARIANCE

Source of
variation

Damaged grain
Blocks

Moisture, M
Error 1

Cylinder speed, S
Feed rate, R

MXS
MXR

SXR

MXSXR

Error 2

Total

Unthreshed grain
Blocks

Moisture, M
Error 1

Cylinder speed, S
Feed rate, R

MXS

MXR

SXR

MXSXR

Error 2
Total

Total loss

Blocks

Moisture, M
Error 1

Cylinder speed, S
Feed rate, R

MXS

MXR

SXR

MXSXR

Error 2

Total

df

3

4

12

2

2

8

8

4

16

120

179

3

4

12

2

2

8

8

4

16

120
179

3

4

12

2

2

8

8

4

16

120

179

* 5% level of significance.
*** 0.5% level of significance.

Sum of

squares

0.90

46.54

4.74

32.46

0.24

18.91

5.26

3.63

6.65

25.54

144.87

5.18

164.59

42.56

782.55

8.03

29.94

28.69

11.29

49.83

421.67

1544.33

4.69

50.03

38.81

512.03

8.50

72.47

39.64

12.90

63.02

446.77

1247.73

Mean

squares

0.30

11.63

0.39

16.23

0.12

2.36

0.66

0.91

0.42

0.21

1.73

41.15

3.55

391.28

4.02

3.74

3.59

2.82

3.11

3.51

1.56

12.51

3.23

256.02

4.25

9.06

4.95

3.22

3.94

3.72

F ratio

<1
29.82***

77.29***

<1
11.24***

3 14***

4.33***

2.00*

<1
11.60***

111.35***

1.14

1.06

1.02

<1
<1

<1
3.98*

68.76***

1.08

2.48*

1.33

<1
1.06

TABLE II DAMAGED AND UNTHRESHED GRAIN AND TOTAL LOSS

Moisture content

(%)

Damaged1*
(%)

Unthreshed*
(%)

Total*

(%)

12 2.09 6.73 c 8.69 a

14 1.25 a 7.39 be 8.57 c

16 1.02 a 8.51 ab 9.44 ab

18 1.46 a 7.94 be 9.29 ab

20 0.55 9.52 a 10.02 b

Cylinder speed
(rpm)

700 0.79 10.79 11.50

900 1.20 7.51 8.62

1,100 1.83 5.76 7.49

Feed rate

(lb/min)
100 1.32a 8.00 a 9.23 a

150 1.24 a 1.11a 8.93 a

200 1.25 a 8.29 a 9.46 a

a,b,c, Means with the same subscripts in the same column are not significantly different at the 1%
level.

* Percentage of threshed grain.
* Percentage of all grain
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Figure 1. The moisture content-cylinder speed
interaction for damaged grain.
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Figure 2. The moisture content-feed rate inter
action for damaged grain.
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Figure 3. The cylinder speed-feed rate inter
action for damaged grain.

content, a trend opposite to that for
damage. The unthreshed grain decreased
with an increase in the cylinder speed
with the least occurring with 1,100 rpm
and the most with 700 rpm.

With regard to total lossd (damaged
and unthreshed grain) the significant
main effects were due to the moisture
content and the cylinder speed (Table I).
An optimum moisture content may exist
in the 12-16% moisture content range but
it matters little if the moisture content is
less than 20%. The response of total loss
due to the cylinder speed was opposite to
that obtained by Vas and Harrison (4);
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that is, they stated that the optimum was
less than 800 rpm whereas it is in excess
of 900 rpm and maybe 1,100 rpm for the
same cultivar but at a moisture content in

excess of 10%. There exists the possibility
that, had 10% been included in this
experiment, the response may have been
opposite to that obtained at 12% and
above (Figure 4).
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Figure 4. The moisture content-cylinder speed
interaction for total grain loss.

DISCUSSION

Vas and Harrison (4) suggest that the
relationship between the cylinder speed
and the grain damage is an impact process
or model. An elaboration of this model is
as follows:

m V + impulse = mv or

Ft = mfv - V)

where

F = force of impulse or impact;
t = duration of the impact;
m = mass of the ear;
V = velocity of the ear prior to impact;
v = velocity of the ear after impact.

The cylinder velocity and v are essentially
the same, and V is so small relative to v
that it may be neglected; that is,

F =mv/t

If the cylinder speed is doubled, t is
reduced by half or

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

- 4 mv/t or

F'=4F

In other words, the impact is the square
of the change in the cylinder speed. At
700 rpm the damage obtained was 0.8%
whereas at 1,100 rpm it was 1.8%. The
increase in damage is in the ratio of
1.82/.79 or 2.3 which is equivalent to the

from a plastic to a brittle state. For a
moisture content greater than 18%, it is
apparent that the kernels are quite soft.
They will deform without exhibiting any
visible fracture. The change in the shape
of the kernel or deformation was readily
seen.

The response of damage and un
threshed grain was such that when these
effects were added together the total loss
was largely independent of the moisture
content; that is, with respect to grain loss,
there is no advantage to threshing the
cultivar Park at any particular moisture
content within the range of 12-18%. With
regard to the cylinder 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 (4) indicated that the
optimum cylinder speed should be less
than 800 rpm. For the same cultivar but
at a moisture content of 12% or greater,
the optimum cylinder speed should be
1,100 rpm or greater. It is apparent that
the optimum changes abruptly between
10 and 12% moisture content. It is
worthwhile to note that the optimum
cylinder speed of less than 800 rpm is less
than the minimum of the range recom
mended by combine manufacturers and
that 1,100 rpm is near the maximum of
the recommended range.

SUMMARY

The effects of moisture content,
cylinder speed and feed rate on the
amount of damaged and unthreshed grain
for the cultivar Park were investigated.
The experimental design was a split-plot
with an analysis of variance for the
damaged, and unthreshed grain as well as
the total loss.

square of the increase in the cylinder bar
velocity,

(U00/700)2 =2.4

With regard to threshability, Vas and
Harrison (4) have suggested that the
impact model also may account for the
decrease in the unthreshed grain (grain
left on the ear) with an increase in the
cylinder speed, which is to say that the
mechanism to detach the kernel from the
ear may be similar to the mechanism of
grain damage. At 700 rpm, the grain left
on the ear was 10.79%, whereas at 1,100
rpm it was 5.76%. The decrease is slightly
more than one-half which only approxi
mates the reciprocal of (l,100/700)2. In
fact, the reciprocal of 1,100/700 provides
an equally accurate estimate of the
decrease of the unthreshed grain. Though
these calculations suggest that the impact
model does not apply for unthreshed
grain, it may not be a valid conclusion.
The causal relationship between un
threshed grain and cylinder speed likely is
affected by the variability in the attach
ment of the kernel and, therefore, the
unthreshed grain is not an exclusive
function of the cylinder speed. Kernel
strength, on the other hand, is not as
variable and, as a result, grain damage is
nearly an exclusive function of the
cylinder speed. It is evident from the
results that to remove all the kernels from
the ear, a cylinder speed in excess of
2,000 rpm might be required. Apparently
some kernels are difficult to dislodge
from the ear.

Vas and Harrison (4) experienced a
reduction in the damage with an increase
in feed rate and attributed this relation
ship to a cushioning effect or model at
the higher feed rate. Similar results were
obtained in this study but only at 12%
moisture content level (Figure 2).

Bilanski (1) found that greater energy
was required to break wet kernels than
those having a lower moisture content.
Similarly, Zoerb and Hall (5) found that
the energy required to damage grain by
impact increases with an increase in
moisture content, but noted an exception
at a moisture content of 18%. This
exception is readily apparent in Table I
and Figures 1 and 2. Zoerb and Hall (6)
commented that there is an increase in
the shear strength of the kernel at this
moisture content.

This apparent increase in the shear
strength may be due to a change in a
failure mechanism of the kernel which is
similar to the change suggested by Vomcil
and Chancellor (5) for soil. They
suggested that a change in failure
mechanism occurs when soil changes

The main effects of moisture content
and cylinder speed were significant for all
three categories of loss but as for the
total loss, there was no advantage to
threshing it at any particular moisture
content within the range of 12 to 18
percent. The response of damaged grain
to changes in the cylinder speed are in
accordance with the impact model for
threshing. The optimum cylinder speed
with regard to loss was greater than 900
rpm for all moisture contents from 12 to
20 percent. A prior study indicated that
the optimum was less than 800 rpm for a
moisture content at 10 percent. The
effect of feed rate did not test as
significant.

CANADIAN AGRICULTURAL ENGINEERING, VOL. 17 NO. 1, JUNE 1975
57



ACKNOWLEDGMENTS 2. Mohsenin, N.N. 1970. Physical properties parameters on kernel damage and thresh-
of plant and animal materials. Gorden and ability of wheat. Can. Agric. Eng. 11:(2)

The author appreciates the financial Jj™en Science Polishers, New York, 83-87.
support provided by Agriculture Canada
for this study. 3 Vas? F M 1969 The effect of mechanical 5. Vomcil, J.A. and W.J. Chancellor. 1967.

threshing parameters on kernel damage Compressive and tensile failure strength of
and threshability of wheat. Unpublished three agricultural soils. Trans. ASAE,
M.Sc. Thesis, Dep. of Agric. Eng., 10:(6) 771-774, 779.

REFERENCES University of Alberta, Edmonton, Alberta.
6. Zoerb, G.C., and C.W. Hall. 1960. Some

1. Bilanski, W.K. 1966. Damage resistance of 4. Vas, F.M. and H.P. Harrison. 1969. The mechanical and rheological properties of
seed grains. Trans. ASAE, 9:(3) 360-363. effect of selected mechanical threshing grains. J. Agric. Eng. Res., 5: 83-92.

5g CANADIAN AGRICULTURAL ENGINEERING, VOL. 17 NO. 1, JUNE 1975


