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INTRODUCTION

The combine threshing cylinder has been the object of much
research since it is one of the most important parts of the machine.
It has been shown that cylinder losses are one of the major losses in
the combine,

Most of the work has been with small grain crops like wheat,
barley, oats, rye, etec., but there has been more work done with some
types of grain than others. Grain sorghum is one in which the work
done has been very limited.

The importance of knowing combine performance for all different
types of grains has increased very rapidly because of the energy
crisis. We need to know these performances in order to get the most
benefit out of the combine yith the minimum use of energy.

Since this work is related to the threshing cylinder of the
combine, the results are related to the best cylinder conditions for
minimizing the use of energy and grain losses. However, it should be
understood that with cylinder performance we cannot conclude what is
the best for the entire machine, Instead we need to put togethér all
component performances to see what is the best for combine.

A field test of the combine could give us the best information
about its overall performance, but to do this we need to make use of
highly sophisticated expensive equipment. The lab study is easier to
control and cheaper to work with, Since in the lab we can control the
variables to a certain degree, we can see the influence of one parameter
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2
over the others. These results can help us to plan and conduct a better
and more complete experiment when we test the combine in the field.

Another important factor is the rapid development of new
machinery, which is larger, more complex and more expensive., If we
want to make the maximum contribution to agricultural production, it
is necessary to use equipment more efficiently. Renoll (1970) tells us
that the design of the agricultural machine is still more of an art
than a science because sufficient basic, quantitative knowledge of
the relation of machinery design factors to the performance of the
machine is not available, Agricultural machinery designers must rely
heavily on experience and intuition to design a new machine or improve
an existing one. Knowledge of the relation of design factors to machine
performance will permit designing for optimum performance,

The present threshing practicé in Nicaragua results in a very
high amount of grain loss, Also since there is a substantial area
increase of small grain groﬁn in recent years, the development of a new
type of thresher or the adaption of modern machines will be required.
Hore people can be fed by cutting down on the excessive loss and at the

same time use a minimum of energy.



REVIEW OF LITERATURE

The ease with which seed is separated from the florets is the
definition that Long (1951) gave to threshability., Later, Lamp and
Buchele (1960) defined this action as the applied force on a kernel
which exceeds the sum.of the forces which restrain it. Long (1951) also
tells us about the three gereral methods for obtaining the threshing
forces. They are as follows: a) mechanical method such as rubbing and
stripping, b) impact or impulsive acceleration that occurs when a
cylinder bar strikes unthreshed grain, and c) non-imbulsive acceleration
which would result if a head of grain were suddenly accelerated without
impact. Threshing is accomplished principally in conventional cylinder-
concave mechanisms by the use of the first two methods.

Thresher studies have been going on since invention of the
cylinder mainly because of the grain damage and grain losses it produces.
Grain marketing regulations, concerning grain conditions when the grain
is to be shipped, have motivated many researchers to determine the best
combine conditions for every crop it harvests., The objective is to
obtain the least grain damagé possible, because threshing is a higher
source of grain damage than grain transportation and grain storage
together. Also, this grain damage study is being conducted on grain
losses because farmers want to eliminate, or at least reduce, grain loss
as much as possible. The obvious reason is that grain losses mean
money losses for them,

It has been shown in past research that grain damage and grain
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losses ara mainly the result of grain moisture content and cylinder
adjustment (cylinder speed and cylinder-concave clearance).

Long (1951), in his work with ladino clover, observed that the
relative humidity of the air affects the percent of free seed obtained
during threshing. That is, a high moisture content sample resulis in
low threshability, whereas the reverse is true for one of low moisture
content., With the moisture content between 10-18% (dry basis) the
decrease in amount of seed obtained was significant, but from 6-9% (dry
basis) it was not significantly éffected. Johnson (1959) reported that
the cylinder loss increases as the moisture content increases; although
the combine has the capability of threshing the graiﬁ. The highest
machine efficiency occurred between 15 and 20% grain moisture (wet
basis), and further it appears in terms of combine functioning that
20% grain moisture should be the maximum, Arnold (196L), working with
Koga 2 and Capelle Desprez wheat and Proctor barley, found that grain
condition depended on grain moisture content, and efficiency of thresh-
ing on straw moisture content. The type of damage, incurred by cereal
grains during combine-harvesting, is controlled by its moisture content.
The condition of both Koga 2 and Capelle Desprez wheat was consistently
superior when threshing was carried out in the "safe" zone between grain
moisture levels of approximately 17.5-22% (wet basis). Proctor barley
was shown to be much less susceptible to all forms of damage than either
variety of wheat, particularly at low moisture content. In general, an
increase from 15 to 25% (wet basis) m, c. doubled average drum losses.
In both varieties of wheat this tendency could be overcome by appropriate
drum adjustment, but could not be overcome in Proctor barley. Neal and

Cooper (1968) pointed out that grain and straw absorb moisture at a



diminishing rate, and this moisture, though unnatural, increases the
crop's resistance to threshing., Waelti, et. al. (1971) observed that
the cylinder loss in grain sorghum was high at high moisture, but
decreased as grain matured. Schwantes (1940) indicated that moisture
content is one of the factors responsible for grain harvesting damage
in barley. King and Riddolls (1962), and Arnold and Jones (1963)
reported tﬁat moisture content was the factor which damages the grain
when it is harvested, The first work was done with wheat and peas, and
the second with Cappelle Desprez wheat and barley.

According to Fenton (1941), sorghum is easy to thresh when it is
dry, but it cracks easily. The drier it is, the more easily it cracks |
in threshing; although it is possible, by proper machine adjustment,
to reduce the amount of cracked grain to 5% or less. The cylinder speed
should be reduced to two-thirds or three-fourths of the rate for
threshing wheat., Goss, et. al., (1958) reported that when the threshing
effect was increased by eifﬁer increasing the cylinder speed or
decreasing the clearance, there was a substantial reduction in walker
free-seed loss, and in total seed loss from the rear of the machine.
Under the warm, dry condition of these tests, only 65 to 75% of the
total straw-and-chaff input was carried over the walkers, the balance
going onto the cleaning shoe, Increasing the threshing effect decreased
the percentage of material carried over the walkers,. primarily because
more straw and chaff were forced through the concave grate. For har-
vesting barley under warm, dry, weather conditions, the cylinder-concave
clearance should be relatively small (% inch), and the cylinder periph-
erial speed should be relatively high, (5000 to 5500 fpm). However,

the cylinder speed should not be high enough to cause objectionable



damage to the seed. Arnold (1964) reported that cylinder speed was
one of the most important factors influencing drum losses. A reduction
in losses with inecreasing cylinder speed occurred in all cases, but
perfection was never achieved; although it was approached very closely
in dry wheat. It follows that the'morg difficult a crop is to thresh,
the greater the reduction in losses that result from a given increase
in cylinder speed. Exﬁeriments performed by Bunnelle, et., al., (195hL)
on small seed legumes showed that cylinder speed is the most critical
factor in causing seed damage, but could be reduced if the cylinder load
was increased., Park (195,) observed, in crimson clover, that cylinder
speed and clearance are very important. He also fouﬁd that under the .
humid conditions usually present in South Carolina area, cylinder speed
should be as high as possible amd clearance as small as p0631ble with-
out causing excessive damage to the seed.

Fenton (1941), who studied the fasp bar and the angle bar,
reported that both gave good results in threshing sorghum, but that
the rasp bar cylinder cracked a large part of the grain if set
too close and run at high speed. DeLong and Schwantes (1942) experi-
mented with three different types of cylinder bars: spike-toothed,
rasp bar, and rubber-faced bar, They worked with barley and found that
the speed at which the cylinders do their best work is from 5,000 to
6,000 fpm, for all three types of cylinders. Slower speeds leave
unthreshed heads and higher speeds result in too much cracking and
skinning. The best clearance for the rasp bar cylinder was 3/8 to 1/2
inch as measured to the tips of the bar serrations. He concluded that
all three types of cylinders  1) can be adjusted to thresh properly,

2) can be set to let heads'go through unthreshed, or 3) can be set to



thresh too severely and cause much mechanical injury'to the kernels.
Park (1954) observed that threshing loss is a major problem and angle-
bar cylindérs have been preferable to other types in harvesting crimson
clover. Klein and Harmond (1966) in their experiment with crimson
clover observed that for the spike-tooth cylinder, 5070 fpm peripherial
speed and 5/32 inch clearance concave was the optimum combination; for
the rubber-covered angle bar cylinder, 4110 fpm and 5/32 inch; and for
rubber-covered flat bar cylinder, 4830 fpm and 1/32 inch to 1/8 inch.
In addition, the rubber-covered, flat bar cylinder recovered about 10%
more crimson clover seed than either of the other two cylinders and
unthreshed seed loss was reduced to about 5% in the,procéss.

Silver and McCuen (1935) working with wheat reportéd in a study
of power divis;on in a thresher indicated that about 50% of the total‘
power requirement was consumed in the cylinder. Silver (1942) ovserved
that a variety of wheat with a stiff straw will not be broken up as much
by the cylinder, and therefore, the grain will sift through more
quickly., The hardest threshing variety he found was Trumbull wheat.

The cylinder loss was slightly greater at practically all heights of
stubble, Thorns variety sh??ed the lowest cylinder loss, According:

to Carroll (1948) the power-to operate the threshing and cutting
mechanism varies more nearly in proportion to the width of cut. A 16 f%
cut will require up to 4O hp in a self-propelled combine., Burrough
(1954) reported in wheat that the cylinder power requirements represented
approximately 50% of the total combine power when it was operated under
normal conditions, The cylinder is very responsive to the rate of
material flow, In open-sowed crops the power requirémants increase

rapidly as the flow rate increases, This doss not appear to be the
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case in sowed crops such as soybeans. In soybeans, the power required
for the cylinder is higher than in wheat at the same rate of material
flow. The flail or rub-bar cylinder required considerably more power
than the rasp-bar cylinder at the no load condition for both types of
crops. Bigsby (1959) observed in wheat the horsepower requirements
showed 20 to 25% more power being required at the cylinder when
threshing solid-stemmed wheat than that required to thresh hollow-
stemmed wheat at the same rate, Lamp and Buchele (1960) observed in
wheat that a centrifugal force of .30 1b is sufficient to thresh 98% or
- more of the mature grain independent of method of holding the head. A
force of .20 1b is sufficient to thresh 98% of the grain under all
typical harvesting conditions. Applying the centrifugal force so that
the kernels mugt bend the attachment.resulted in up to 50% less requifed
threshing force as compared to a case when bending,does not occur,
Arnold and Lake-(l96h) found, in general, the fluctuations in forque
requirements increased as moisture content increased. The average
power requirement decreased, as cylinder diameter increased, by .25-
.60 hp per 3 inches. This rate was not linear, and depended on the con-
ditions prevailing in the particular experiment. Increasing the length
of the concave increased the power requirement under all conditions,
The rate of power increase as cylinder speed increased depended on the
conditions pertaining to the particular experiments, but power was con-
sistently higher at higher moisture contents,

Zaidi (1974) found a meaﬁ concave clearance of 5/16 inch to be
best. He used a lab-type rasp-bar thresher and 13 different varieties
of wheat, The speeds (4272, 4649 fpm) he used did n;t produce a sig-

nificant difference in total unthreshed material, He indicated there is
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a relationship between the percentage of threshed mater {al obtained at
the front of the concave and unthreshed material discharged at the back

of the concave,



INVESTIGATION

Research Objectives

1. To investigate the effects of : a) cylinder speed
. b) cylinder-concave clearance
¢) number of cyliﬁder bars
2, To find the best combination of these design factors for each
variety to be threshed.
3. To find the differences, if any, in the ease of threshing various

varieties,

Experimental Unit

The threshing unit designed and described by Zaidi (197hL) was
used to make this study: (Figs. 1, 2, 3 and }),

In general, the unit consists of a 12-inch diameter aluminum
disc cylinder and uses conventional rasp-bars. These.bars are 7.25
inches long. The shaft of the cylinder is supported at each end by
a four-bolt flange bearing which is mounted on a plate. The unit has a
vertical and horizontal adjustment made possible by the movement of two
screws, one for each direction. These screws are joined to a series of
small shafts which go through linear ball bearings. The ends of these
shafts are supported by blocks mounted on the frame éf the unit. The
cylinder is powered by a 3 hp. capacitor start motor via a variable
speed V-bell drive,

A beater-bar is mounted behind the cylinder to prevent material
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15
recirculation., The concave is divided into six sections. A tray with
the same number of sections is placed below the concave to collect the
material passing through it. There is also a box at the back of the
unit to collect all the material discharged by the beater-bar, The
material is fed to the cylinder by means of a motor-driver conveyor

unit,

Racording System

To sense the torque, the unit uses a set of L5° rosette strain-
gage bridge (Fig. 6), mounted on the cylinder shaft as shown in fig. 5.
There is a two-inch diameter tube placed over the square cylinder shaft
as a protection‘for the square section from permanent deformation that
could be caused by high starting torque.

The strain gages are mounted L45° with respect to the shaft axis
and at the center of the small square section. The strain gage in
tension is diametrically opposite to the gage in compression. The wires,
which are connected to these sirain gages, run through a pilot hole in
the main shaft to a sliﬁ ring unit located at one of the ends of the
cylinder shaft. They then go to a filter which feeds the amplifier-

oscillograph read-out system.

Calibration E£ the Unit

A static calibration was performed on the torque meter from
0 to 60 in-1bs (Fig. 7). The different loads on the shaft were
obtained by placing weights at different arm lengths from the center of
the cylinder, on an arm which was attached to the threshing cylinder.
A1l other types of inputs were kept constant during the caiibration.

The frictional forces in the cylinder, for all meter values below
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10 in-lbs., were too high to give an accurate read-out; however they

do not influence anything in this work so it was decided not to take
them into consideration when the least square equation was found, By
plotting the remaining points, it was noticed that from 10 to 30 in-lbs.
all these points fall on a single-élope curve, but from 30 to 60 in-lbs.
they follow another trend. It was decided to statistically fit two
different lines; one iine going from 10 to 30 in-lbs,, and the other
from 30 to 60 in-1bs, The method outlined by Doeblin (1966) was used
to establish these two curves, The relationship between the cylinder
torque and the recorder-chart deflection was given by the following

least square equations.

Ty = Sy (1)
1, = d2;9'1‘271 @

Where
Tl and T, are the true torque in in-lbs.
d; and dp are the number of lines deflection from zero in the
recorder chart,
_The standard error for these equations, at the 99,7 percent
1limit and assuming normal distributions, are %1.641l and *3,708 in-1bs,

for equation 1 and 2 respectively.

Experimental Material

Thres sorghum varieties, DeKalb F-614, NC'55X, and NC+80X, were
wsed in this experiment. They were harvested on November 9, 1973 at

the Scandia Irrigation Field, Kansas State University. Samples were
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brought to the lab and dried at ambient room conditions for two weeks,
then they were weighed and the stems were measured, Samples were
separated into £wo«head units keeping the weight of heads more or less
equal and typical for the variety. After this they were stored in

sealed cans until they were used,

TABLE 1. Average Weight per Experimental Unit (Two Heads)

Variety Weight (gm.)
DeKalb F61-A4 155.49
Nc*8ox 161.62
Ne*55% 114,03

TABLE 2, Average Stem Length Per Head

Variety Length (inches)
DeKalb F61-A L.66
NCc*80x 3.93
NC 55X 3.85

The moisture content was checked before storage and several
times throughout the experiment., The main purpose of taking these
moisture contents was to see if there would be any major variance from

test to test.

Method 2£ Procedure

It was mentioned before that the‘'material was separated into

samples of two heads each, weighed, and stored. Then for each test,
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TABLE 3. Moisture Content Throughout the Experiment

Variety UDF  2(8) 3(5) L(5) 5(%) 6(%)

DeKalb 61-A 10,24 9,91 10.35 10,06 10.41  10.89
Nc*8ox 10.16  10.06 9,99 9,98  10.62  11.21
NC* 55X 9.87  9.90 11,04 11.25 10.03 11,36

3* .
Percents are wet basis,

one sample was taken at a time from the storage cans and placed on the
lower conveyor belt by raising the upper belt (Fig. 4). The cylinder
speed and concave clearance were checked in order to have the right
settings for each test., Next, the oscillograph recorder was zeroed
before the test was run. When everything was ready, the conveyor belt
was started and material was fed into the cylinder. During the test,
torque-time curves were recorded on the oscillograph chart, After
threshing was completed, and material was deposited in the tray and box
the material was placed in paper bags for further cleaning, Finally,
the weight of the threshed and unthreshed material was taken. .For
complete data see Appendixes A and B. The same procedure was used

for each variety and each of the two replications.

Preliminary Tests

Since the sorghum heads were quite dry, some preliminary tests
were performed to find the maximum cylinder speed and the minimum
concave clearance at which the thresher unit could be run to have no
more than the normal combine crackage. Because of the dry grain

condition, the maximum éylinder spred was not as high as expscted,
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(Table L). Two other cylinder speeds were sclected, one was the minimum
speed that the V-belt drive could give, and the last one was an average
of these two extremes, 1In the concave-clearance case, a minimum was
found (Table L), and the other two were established by increasing the
clearance by 1/8 inch increments, The decision concerning number of
cylinder bars was made to be compatible with the way that the holes on
the cylinder disc were drilled when it was constructed. The conveyor
belt speed was set by watching which speed was adequate to feed the |
cylinder,

Two heads of sorghum were used as an experimental sample to give
an adequate torque output. By so doing, the amplifier gain could be
lowered to reduce the noise-level output produced by the thresher,
Samples of more than two heads were not feasible because they resulted
in too much material for the width of the conveyor belt.

The conveyor belt speed was set from the optimum point by
adjusting pulleys. This gave a suitable way to feed the cylinder of
the thresher unit. The final ranges of these speeds are given in

Table k.

TABLE L. Range of the Variables Used in the Experiment

Variable Range
Feed rate 2 heéds/run
' Conveyor speed 22 ft./min,
Number of cylinder bars L, 8 bar/trial
Cylinder speed 2356,2827,3298 ft./min.

Cylinder-concave clearance - 3/8,1/2,5/8 inch




RESULTS AND DISCUSSION

The threshability factors for each of three grain sorghums were
analyzed in eighteen treatments. These treatments were combinations
of three cylinder speeds, three cylinder-concavé clearances, and two
sets of cyiinder bars. Fach experiment was replicated twice, and a
split-plot design analysis of variance was used to analyze the data,

The tables included in this section reflect those results.

The basis for each experiment was the selection of a set of
either four or eight cylinder bars, and the other factors of the
experiment were chosen at random. The experiment was duplicated by
using the other set of cylinder bars, the other faclors being chosen
at random. The analysis of variance table shows the scurces of varia-
tion, the degrees of freedom, their respective mean squares, and the
"Fit statistic. Each "F" value was computed by using ERROHI and ERROR,
mean squares as the denominator of a division where the mean squares of
the variables, above each ERROR, was the numerator. The asterick(s) (*)
beside some "F" values show that the source was significant at the 10, 5
or 14 level of alpha hat.

The analysis of variance (Table 5-A) is the total threshed
kernels along the entire concave, All the results are expressed on a
weight basis., Among the factors studied, none were significant_for the
variety DeKalb F61-A, but for NC'80X, the speed of the cylinder was
significant at the 0.10 alpha level, For NC'55X, the replication factor

and the set of cylinder bar parameters were found to be significant at

23
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the 0,10 alpha level. Table 5-B shows the analysis for the total
unthreshed kernels along the entire concave, and, as in Table 5-A, the
analysis was done on a weight basis., The set of cylinder bar'parameter
for DeKalb F61l-A was found to be significant at the 0.05 alpha level.
At this level (0.05 alpha), the Bpéed_pérameter for NC*55X was signifi-
cant; the cylinder-concave clearance was also éignificant but at the
0.10 alpha level speed of the cylinder and cylinder-concave clearance
had an effect (0,01 alpha) on the weight of unthreshed kernels for
NC*80X variety. -

The results in Table 6 are similar to thé results in Table 5,
The data, as summarized in Table 6-A, is the ratio of the weight of
threshed kernels to total weight of the input material (two sorghum
heads) and Table 6-B is the ratio of the weight of unthreshed kernels
to total weight of the input material, |

Table 7 shows the treatment meaﬁs which were sigﬁificaht in
Tables 5-A and 5-B for the varieties studied. These means show that the
set of I cylinder bars for DeKalb F61-A gave the minimum amount of
unthreshed kernels. The speed of 2827 fpm for NC*80X gave the maximum
amount of threshed kernels, but the speed of 3298 fpm was the one which
gave the minimum of unthreshéd kernels., The minimum amount of unthreshed
kernels was also obtained with a cylinder-concave clearance of 3/8 inch.
It also shows that a speed of 3298 fpm and a cylinder-concave clearance
of 3/6 inch for NC*55X resulted in a minimum amount of unthreshed
kernels, and that the set of 8 cylinder bars gave the maximum amount of
threshed kernels,

Table 8 shows the torque-time curve anzlysis, This table is

divided into four different sections, each one represented in Figure 8.
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Ao A
VvV TN

- §p —

Whera
MT is the height from "O" to the peak

NT is the height from the average torque to run the
cylinder without load to the peak

SP is the span length while threshing

A is the area below the path left by the electric beam
of the recorder and above the average torque to run
the cylinder without lecad while threshing was being
performed.

Fig. 8., Torque-time Curve Parameters.

For the maximum torque (MT) analysis, the replication factor for
NC'55X was significant at the 0,05 alpha level, the set of cylinder bars
at the 0,01 level, and the cylinder speed at the 0.01 level. For DeKalb

F61-A, the interaction of the set of cylinder bars and cylinder speed was
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significant at the 0.05 alpha level. For NC*80X, the eylinder-concave

clearance was significant at the 0.05 alpha level,

In the normal torque (NT) analysis, the set of cylinder bars
and cylinder speed interaction for DeKalb F61-A was significant at the
0.05 alpha level, The replication factor and the cylinder-conéave
clearance for NC*55X were significant at the 0,05 alpha level., For
NG'80X the significance level was 0.0l for cylinder speed, cylinder-
concave clearance, the interactions of cylinder speed with cylinder-
concave clearance, and set of cylinder bars by cylinder-concave
clearance. The interaction of set of cylinder bars and cylinder speed
by cylinder-concave clearance was significant at the 0,10 alpha level,

In the span (SP) analysis, the only significance was the
cylindef-concaye clearance of NC+55xiat the 0.05 alpha level.

In the area (A) analysis, the DeKalb F61-A set of cylinder bars
and cylinder coneave clearance interaction was significant at the 0.05
alpha level, For NC+55X, the cylinder-concave clearance and the inter-
action set of cylinder bars by cylinder-concave clearance were signifi-
cant at the 0,01 alpha level. Cylinder speed by cylinder-concave
clearance interaction was significant at 0.05, and the set of cylinder
bars by cylinder speed by eylinder-concave clearance interaction was
significant at the 0,10 alpha level,

Table 9 shows the mean squares of the variables which were
significant in Table 8, for the varieties studied. For NC*80X, the
eylinder-concave clearance of 5/8 inch gave the minimum peak in the
MT and NT analysis. The speed for 3298 fpm also gave a minimum peak in
the NT analysis., For NC'55X, the set of four cylindér bars gave the

minimum peak in the MT analysis, the cylinder-concave clearance of
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5/8 inch gave the minimum span and area for their respoctive analysis,
and cylinder-concave clearance of 1/2 inch was the minimum for the MT
and NT analysis,

All tables from 5 to 9 indicate that for DeKalb F61-A, threshing
by L cylinder bars is the best; hoﬁever, comparisons with cylinder
speeds and cylinder-concave clearances did not reveal any significant
differences, For NG'80X, no difference was found in the set of cylinder
bars, but a speed of 3298 fpm gave less unthreshed material and the
minimim NT peak. Concerning the cylinder-concave clearance, it is a
matter of economics to find the best, because the 3/8 inch clearance
gave the minimum of unthreshed material, but the 5/8 inch gave the
minimum MT and NT peak. However, this study does not show any per-
formance about the amount of unthreshed material that is going to be
recirculated. Therefore, it will be a choice between having less
unthreshed material and higher use of energy, or vice veréa. For
NC*55X, the highest cylinder speed (3298 fpm) used in the experiment
was the best, but in the set of cylinder bars and cylinder-concave
clearance comparisons, we have the same economic problem as for NG* 80X,

Table 10 shows the analysis of the data for the ease of
threshing, which is measuredlby'comparing the amount of grain collected
in the first concave position. For the four cylinder bars analysis,
the varieties factor was significant at the 0.10 alpha level. For the
elght cylinder bars analysis, the cylinder-concave clearance and the
interaction cylinder speed by cylinder-concave clearance were significant
at 0,05 alpha level.

Table 11 shows the mean squares of the variables which were

significant in Table 10, and the set of cylinder bars. For the set of
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TABLE 10. Analysis of Variance for the Ease of Threshing with
Four and Fight Cylinder Bars

A. First Concave Position

Four Bars Eight Bars
Source of Variation DF Meén Squares F Mean Squafes F
Replication (R) 1 0.000368 3.265 0.002670 6,000
variety (V) 2 0.,000025  9.103%  0.002505  5.630
ERRORy 2 0,000113 0.000LL5
 Speed (s) 2 0.000253 2,192 0,000204  1.827
Clearance (cy 2 0,000175  1.512 0.000430 . 3,859%F
VxS L 0.000093 0,805 0.0001k2  1,27L
VxC L 0.000195  1.693 0.000088 0,793
Sx¢C L 0.000147 1,272 0.000329  2,951%%
YxS8x¢C 8 0.000048  0.h15 0.000207  1.858
ERRORp 2 . 0.,000115 0.000111

*significant at 0,10 alpha level.
**gignificant at 0,05 alpha level.
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Lo
four cylinder bars, the variety NC*80X gave the maximum amount of
kernels in fhe first concave position, and for the set of eight
cylinder bars, the 1/2 inch cylinder-concave clearance produced more
material in the first concave clearance position.,

Table 12 is the analysis of the ratio of the material in the
back box to the total material along the concave, For NC+80X, the
replication factor and the set of.cylindef bars were significant at the
0.05 alpha level, and the interaction set of cylinder bars by cylinder
speed of NC 55X was significant at 0.10 alpha level.

Table 13 shows the analysis of the ratio of the material in the
first concave position and the total material along thé concave, For
NC*80X, the cylinder speed and the cylinder-concave clearance were
significant at the 0.10 alpha level, For NC*55X, the replication factor,
the cylinder~cbncave clearance and the eylinder spuved by cylinder-
concave clearance interaction were significant at the 0,10 alpha level,
and at the 0.05 alpha level the set of cylinder bars and the set of
cylinder bars by cylinder-concave clearance interaction were significant,

Table 1L shows the mean squares of the variables which were
significant in Tables 12 and 13, and the varieties studied. For
NG*BOX, the set of fouf cylinder bars gave the minimum amount of material
in the back box, but the cylinder speed of 2356 fpm and the cylinder-
concave clearance of 5/8 inch gave the maximum amount of material in the
first concave position. For NC'S5%, the set of eight bars and the
cylinder-concave clearance of 1/2 inch gave the maximum amount of
material in the first concave position.

Table 11 shows that the easiest variety to thresh with a set of

four cylinder bars was NC+80X, and the hardest was DeKalb F61-A. Tt
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Lk
also shows that for a set of eight bars, it is easiest to thresh with
a cylinder-concave clearance of 1/2 inch. Table 1l shows that for
NC*80X, a set of four cylinder bars, cylinder speed of 2356 fpm, and a
cylinder-concave clearance of 5/8 inch is the easiest way to thresh.
For NG+5§X, the easiest way was a set of eight cylinder bars, and a
eylinder-concave clearance of 1/2 inch. Cylinder speed did not make

any difference.



SUMMARY AND CONCLUSIONS

The experiment has as a main objective the study of some
threshing factors for grain sorghum. The work was accomplished by
using a laboratory thresher which is described in Zaidi's MS thesis
(1974). The grain sofghum varieties used were DeKalb F61-A, NC*80X and
NC*'55X. The cylinder factors studied were two sets of cylinder bars;
Ly or 8 bars per trial, three cylinder speeds; 2356, 2827 and 3298 fpm,
and three cylinder-concave clearances: 3/8, 1/2 and 5/8 inch.

Two groups of data were taken: the threshed and unthreshed
material collected along the concave and the torque-time curve data
for the cylinders. These dala were maximum torque (MT), normal torque
(NT), span (SP), and area (A). Each experiment was replicated twice.
The analysis used on the data was the sﬁlit-plot statistic design.

On the basis of the experimental results, the following
conclusions can be drawn:

1. The set of L cylinder bars gave the minimum amount of unthreshed
kernels for DeKalb F61-A, and the set of 8 cylinder bars gave the
maximum amount of threshed kernels for NctesY,

2. The cylinder speed was a significant factor in the total amount of
threshed material for NC*80X. For the total amount of unthreshed
material, it was significant for NC*55X but highly significant for
NC*80%. For both NC*'55X and NC*80X, the higher the speed, the less
unthreshed kernels there were.

3. The cylinder-concave c¢learance inflyenced the total amount of
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unthreshed material for NC*80X and NC+55X, with the 3/8 inch
clearance being the Eest.

DeKalb F61-A did not show any significance in the torque-time
results, but for NC*80X, the cylinder speed and cylinder-concave
clearance were an influential factor for‘the NT peak. The best
combination was a cylinder speed of 3298 fpm and a cylinder-concave
clearance of 5/8 inch, For NC'55X, the MT and NT peaks were
affected by the replication factor, so no conclusive results were
drawn.

The easiest variety to thresh with a four-cylinder bar was NC*80X
and the hardest was DeXalb F61-A.

The total amount of kernels deposited in the first concave position
with eight cyiinder bars was affected by the cylinder-concave

clearance, the 1/2 inch being the best.
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SUGGESTIONS FOR FUTURE WORK

The torque-time curve could be improved by cutting down the
vibration produced by the threshing unit, and also by checking the
effectiveness of the strain gages' mounting because they should

give more accurate results than they ﬁid.

Further studies could be made in this field, using different
moisture content levels and higher cylinder Spaéds. This particular
experiment was limited to a slower cylinder speed by the low
moisture content of the samples used.

A study could be done using a continuous feed technique, to see if
results differed from this experiment which used intermittant
feeding. |

An investigation should be made of the kernel damage done during the
threshing operation, |

Field-tests should be carried out to see if the relationship
between results of laboratory testing and actual field conditions
are related.

Since some of the results obtained in the threshability study differ
from those obtained in the torﬁue—tima study, an economic study
should be made to determine what settings would be most advantageous

in specific situations,
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APPENDIX B, Torque Time Curve Data

Set of Bars = | Cylinder Speed = 2356
Concave
Clearance Variety Replication 1 Replication 2
- MT NT _ SP I MI  NT SF )
DeKalb F6l-4 23.0 14.2 L.10 2,90 21,0 10,0 3.72 1.64
3/8 Nc*8ox 21.0 12.4 3.70 2.%8 22,5 10,5 3.50 1.78
Nectssx 21,2 12,7 3,10 1.89. 21,2 12,4 2,90 1.20
DeKalb F61-A 32,5 24,3 3.00 3,91 28,5 19.5 2,70 2.85
1/2 NCt80x 25.7 17.5 3.L0 2.84 22,0 13.5 3.00 2,13
NC*55X 18.4 10.2 3.90 2.06  17.3 8.0 3.88 1.89
DeKalb F61-A 29.1 20.3 3.50 3.73 21.0 . 12.5 2,90 1.3h
5/8 NG 80X 22.6 15.0 3.08 2.41  18.0 8.3 2.60 1.0l
Nctosx 29.h 20.3 2.h0 2.1, 17.0 8.5 L.30 1.0
Set of Bars = 8 Cylinder Speed = 23Sé
Concave .
Clearance  Variety Repliecation 1 Replication 2
MT NT 5P A MT  NT SP A
DeKalb F61-A L1.5 26,5 L.B7 7.33 32,0 20.2 3,50 1.90
3/8 NC*80X 42.0 22,0 3.82 L.78 29.0 18.0 2.L42 2.05
Nctosx 29,0 17.0 3.70 3,10 27.5 15.5 2.70 2.15
DeKalb F6l-A 29,2 15,2 3,40 3.18 25.0 10,5 3.00 1,72
1/2 Nct8ox 24.5 17.0 2.95 2.94 22.0 10.2 3.50 1.83

xe'sox 28.3 16.0 2.80 2.16 23,6 8.1 3.00 1.16

DeKalb F61-A 32.8 20.0 L.18 3.57 32,8 19,0 3.13 3.14
5/8 Ne*80x 25.0 13.5 3.82 2,63 26,5 8.5 3.08 2,55
Netoox 28,0 16,0 3.00 2.0 21,6 8.6 2.80 1.22

MT in lines deflection.

NT in lines deflection,

SP in seconds.
A in square inches,



APPENDIX B, (continued)

Set of Bars = | Cylinder Speed = 2827
Concave g
Clearance Varlety Replication 1 Replication 2
MF _ NT _ sP & MT  NT &P A&

DeKalb F6l-A4 20,9 11.8 3.60 1.81 32,0 19.0 3.30 2.97
3/8  nc'8ox 24,1 1L.8 3,10 1.89 26,5 16.0 L.50 3.50
Net 55X 26,4 17.6 L.20 3,52 20,7 11.0 3.50 2,l0

DeKalb Fé1-A 29,4 20.1 L.20 3.86 25.8 15.0 3,75 2.53
1/2 Nct8ox 27.9 18.6 4.32 2,99 19.0 11.5 L.50 2.50
NCt55X 21.9 13.0 3.70 2,18  17.3 7.4 2,88 1.0k

DeKalb Fé1-4 26,0 13.8 h4.00 3.31 24,0 12.5 3.50 2,21

s/8 Nc*Box 22,6 15.0 3.10 2.60 23.0 12.5 3.46 2.55
NG'55x 19,0 8.5 3.30 1.54  23.1 13.3 2.70 1.88
Set of Bars = 8 Cylinder Speed = 2827
Concave
Clearance Variety Replication 1 Replication 2

MT . NT &P Iy WT  NT §p A
DeKalb F61-A L5.7 33.0 3.80 5.93 37.0 21.0 3.53 3.30

3/8 NG 80X 31.5 20,5 3.60 3.97 33,0 16.0 2.80 2.02
NG 55X 28,6 14.6 3.00 2.7%  27.5 14.0 3.00 2.46

Dekalb FE1-A 39,0 2h.0 3.20 4.33 23,8 9,8 5,07 2.88
/2 NCT8OX  39.3 23.5 3.79 3.75 29,0 19,0 3.56 2,86
Nc* 55X 23.0 15.0 2.90 2.35 22,0 7.0 3.50 1.16

DeXalb F61-A 32,7 22.7 3.h2 U4.38 26,5 11,5 3.L0 1,60
5/8 nNe*éox 31.0 16,3 2.70 2.68 18.0 5,0 3.80 0.8
nctsox 243 11.5 2,12 1,38 18.6 5.8 3.05 0.92

MT in lines deflection.

NT in lines deflection.

SP in seconds.
A in square inches,



APPENDIX B, (continued)
B Set of Bars = | Cylinder Speed = 3298
Concave
Clearance Variety Replication 1 Replication 2
NT SP I MT _ NT SP K
DeKalb F&1-A 21,9 12.3 L.60 2,86 32,2 20,3 2.80 2.82
38 nc'Box 22,6 12,1 3.60 2.68 223 9.8 3.20 1.78
NC*S5X 23.0 1.5 2,60 165  21.2 9.6 3.30 1.85
DeKalb F61-A 27.9 17.3 L.00 3.5  22.0 7.5 3.80 1.19
1/2 nc'8ox 15.8 6.5 L0 1.58 19.0 5.2 3.3L 1.09
NCt55X 22,6 12,1 5,60 2,46 18,4, 7.3 3.55 1.33
DeKalb Fé1-A 26,8 18.6 L4.15 L.36 27.0 13.8 3.50 2.27
5/8 NC*80x 23,4 15.2 3.60 3.39  21.5 8.8 3.30 1.70
ne*s5x 2h.5 16,0 2.60 2.57 26,0 12,7 3.30 1.88
Set of Bars = 8 Cylinder Speed = 3298
Concave
Clearance Variety Replication 1 Replication 2
§T  sp A MI  NT  oP &
DeKalb F6l-4 L1.5 29.8 5,06 6,28 32,0 16.0 3.80 2,38
3/8 NG' BoX 28,0 14,5 3.70 2.95 30,5 17.0 3.33 2.20
Netssx 28,0 1L.5 3.59 3.1l 26,1 12.1 3.30 2.03
DeKalb F61-A 26,0 12,0 2.85 2.21 33.0 17,5 2.53 1.72
1/2 NC"80x 27,0 13.0 3.68 3.03 243 8.3 3.k 1.56
NetEsX 24,0 11.0 3.68 2,12 26,8 8,8 L4.05 1,39
DeKalb F61-A L42.0 26.2 3.43 5.23 22,8 8.8 3.L0 1.46
5/8  NC'80X 29.5 143 3.98 3.80  2L.2 9.2 2,48 1.15
NG 55X 28,0 12,0 2.50 1.58 2h.1 7.9 2.60 1.1k
MT in lines deflection,

NT in lines deflection,

8P in seconds,
A in sqguare inches.
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ABSTRACT

Since cylinder losses are one of the major harvesiing losses of
the combine, the study of these losses is very important because,
knowing the right machine adjustment for every crop and each variety of
the crop will help to reduce these losses, It is also important to
study kernel damage and energy consumption and to try to reduce them to
a minimum,

This work déals with three grain sorghum varieties. The major
objectives are 1) to investigate the effect of the cylinder speed,
cylinder-concave clearance and the number of cylinder bars, and 2) to
find if there are significant differences in threshing characteristics
of the three varieties.

A laboratory thresher was used to do the study; This threshing
unit was designed by Zaidi (1974). The unit basically has a 12 inch
diameter rasp bar type cylinder which is 7.25 inches long. This
cylinder can be adjusted in the horizontal and the vertical direction
to fit different settings of cylinder-concave clearance. It alse has
a strain gage bridge mounted on the main shaft to sense additional
strain caused by resistance of the material being threshed,

The three grain sorghum farieties in the study were: DeKalb
F61-A, NC*BOX and NC'55X. Three factors were included in the study:
two sets of cylinder bars (L and 8 bars), three cylinder speeds (2356,
2827, and 3298 fpm), and three cylinder-concave clearances (3/8, 1/2
and 5/8 inch).

The data were analyzed for the amount of threshed and

unthrashed kernels at regular increments from the front to the rear



of the concavo and the toroue time parameters for the maximum torque
(MT}, normal torque (NT), span (SP) and area (A).

The only factor which affected the DeKalb FS1-A variety was the
sot of cylinder bars with the L-bar set being the best, This variety
was the hardest to thresh, |

For the NC*80X variety, it was found that the higher the
cylinder speed, the léss unthreshed kernels there were. The 3/8 inch
cylinder-concave clearance was found to be the best. Fran the tergue-
time curve it was found thaﬁ the cylinder speed of 3298 fpm and the
cylinder-concave clearance of 5/8 inch gave the smaller NT peak. This
variety also was the casiest to thresh with four cyiinder bars,

For NC'S5Y, the use of 8 cylinder bars gave the maximum amount
of threshed kernels. The minimum amcunt of unthreshed kernels was
obtained with a cylinder speed of 3298 fpm and a cylinder-concave
clearance of 3/8 inch. Due to the significance (0,05 alpha level) of
the replication factor,.the torque-time results were not a good source
of information for the best setting.

For the NC'80X and NO'55X varicties, where the best thresh-
ability factors do not agree with the best factor of energy use from
the torque-time curve, an economiz analysis should be done to determine

the best sotiing for each specific situation.



