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INTRODUCTION

The grain combine is one of the most complicated machines used in agri-
culture, yet it operates without the benefit of an effective feedback control
system that could make it much more efficient. This is because it is ver?
difficult to equip a combine with the transducers required to measure the per-
formance of the machine and feed it back to a controller. Whether the con-
troller is electronic or a human operator, it cannot function without Informa-
tion about the operation of the machine. |

Only a few parts of the combine are equipped to monitor their operétion.
The engine has gauges and a tachometer which gives some information about
locad. The machine may be equipped with a cylinder tachometer, fan tachometer,
and a ground speed indicator. Some warning systems may be installed to warn
of plugged elevators or straw plugging the straw walkers, and some parts of
the machine, such as the reel and header, are visible to the operator.
Furthermore, an experienced operator can gain information about his machine
from what he hears and the vibrations he feels.

Still, a great deal of informztion is not available, chiefly in the area
of grain quality and losses. Some progress has been made in the area of
moriitoring walker and chaffer losses, but there is presently no way to measure
unthreshed grain loss, and the operator seldom even considers broken kernels.

The purpose of this research was to find a way to monitor unthreshed
grain loss. This problem is a difficult one because the unthreshed heads are
_so hard to detect in the cloud of straw blowing out of the machine. Many

schemes to sample the straw for unthreshed heads were considered, but, due to



the immensity of this task, none of them showed much promise. Besides the
sheer volume of material to be caught and handled, there was the problem of
rethreshing and sepérating it. Of course, all this had to be done without
disturbing the operation of the combine.

2aidi's work (zZaidi, 1974), provided the key to the problem, pointing
out an indirect method of predicting unthreshed grain loss. He found a cor-
relation between the ratio of tﬁe amount of grain threshed at the front of
the concave to the amount of grain threshed_atrthe rear of the concave and
the number of unthreshed heads. Zaidi's work was done on a small laboratory
cylinder equipped with a sectioned concave, pans to catch the grain threshed
on the various sections, and a box to catch the straw. After a test run, he
counted the contents of the various pans and related that information to the
number of unthreshed kernels he found in the box.

The problem of measuring unthreshed grain loss reduced to develcping a
transducer that could collect the same information from a combine operating
in the field that Zaidi found by counting the seeds in his pans. The trans-
ducer would berused to confirm Zaldi's results under field conditions by
inétalling it on machines equipped to catch their straw for cleaning and
rethreshing. |If his findings held true, the transducer could then be used as
a guide to adjust the machine to reduce unthreshed grain loss.

The chief problem in designing the transducer is that there was no way
to check its operation on the machine, except by whether or not it eventually
gave information that correlated with the amount of unthreshed grain. |If it
did not there would still bé a question as to whether the transducer was
faulty, or whether Zaidi's findings did not apply to field conditions. There=
fore, every effort was expended to make sure the transducer would work as

intended. This is the reason for the complicated process réquired to design



REVIEW OF LITERATURE

The desirability of controiling various parts of the combine automati-
cally have been evident for some time. Friesen, et al (1966), experimented
with automatic feed rate control. Their device sensed cylinder load by
measuring the tension in the cylinder drive chain, and adjusted ground speed
to keep the feed rate constant. The system was totally mechanical, employing
an idler wheel that moved as chain tension increased, actuating a hydraulic
valve through a system of levers. The hydraulic valve controlled a cylinder
which adjusted the variable speed ground drive sheave. The tension in the
drive chain was counterbalanced by a spring; a viscous damper eliminated load
peaks. For equal average feed rates, the automatically controlled machine
lost less grain than standard combines. According to the author, this was due
to the fact that losses increase exponentially with feed rate. The autematic
machine was slower in dense crop areas and faster in light crop areas than
standard machines.

Another popular subject of automation attempts has been header height
control. Especially in down crops or in crops such as soybeans, running the
header as close to the ground as possible results in increased yield, as well
as increased danger of damage to the header. Automatic control of header
height offers more precise control and decreased danger of header damage.

Bredfeldt (1968) desiéned a hydraulic system to automatically control
header height. Height sensing fingers or shoes maintained contact with the
ground at all times. |f the header moved too close to the.ground, the height

sensors forced the pin of an adjustable metering valve into its seat, which



raised system pressure. This caused the platform to rise until the pressure
returned to equilibrium. The setpoint could be easily adjusted from the
operator's position. Manual control could be resumed by pulling the header
height control valve from the automatic control detent position. The system
successfully controlled header height between two and six inches off the
ground, but it wasted power and became hot when the header was lifted to its
full height. This was due to the design of the hydraulic system.

A different approach to header height control was taken by Story, et al
(1968). He reasoned that in standing grain, there was an optimum header
height--lbw enough to cut most of the grain, yet high enough to avoid cutting
excess straw, which increases losses. To measure the height of the heads of
the crop, the degreé of attenuation of a beam of microwaves was measured.
Since the kernels attenuated the waves much more than the straw, the device
could be used to find the position of the heads of the crop, and position the
header accordingly. The system had the advantage that it was not as suscep~
tible to weed patches and bare spots as mechanical crop height sensors. It
was not reduced to practice and tested in the field.

Kaminski and Zoerb (1963) developed a mechanical header height control
system. It employed two microswitches actuated by lever arms, mounted one
above the other. When the bottom switch was closed and the top switch was
open the header was at the proper height. When both switches were closed, the
header was too low, and when both swltches were open, the header was too high.
The switches activated electrically controlled hydraulic valves which moved
the header up and down. This system could not measure the position of the
lower heads, and was susceptible to irregularities due to the small area the

levers sampled.



Acoustic Loss Monitors

One device which actually measures losses, rather tha: loss producing
conditions, such as cylinder overload, is the acoustic grain loss monltor.
Reed, et al (1969}, report the development of such a device. Soundings boards
were mounted beneath the ends of the straw walkers, and under the end of the
cleaning shoe. Extensions and chutes on the ends of the walkers deflected
the kernels and chaff passing the ends of the walkers onto-the sounding
boards, where the impact of the kernels produced vibrations which were picked
up by a transducer. The signals were filtered to remove low frequency compo-
nents. All the signals below a certain level were removed by a discriminator,
and the pulses were squared up by a monostablé signél conditioner. Finally,

a frequency to voltage converter changed the pulses to an analog voltage'
indicative of bushels per hour.

In laboratory tests, the system could detect efghty~six perceht of the
kernels falling randomly, with a maximum rate of two hundred impacts per
second for evenly spaced impacts.. Satisfactory output resulted from kernels
falling from a minimum of four inches to a maximum of nine feet. The circuits
were stable from minus twenty degrees Fahrenheit to one hundred thirty-five
degrees Fahrenﬁeit.

The device was tested in the field with a batch collector that caught
all the material leaving the walkers and cleaning shoe. The material was
c!eaned.to retrieve the loose kernels and the average rate of loss was calcu-
lated. The resuits indicated that the device was a practical combine attach-
ment. Loss could be detected the moment it started and the rate of loss could
be determined. As the rate of loss increased, the proportion of loss detected
by the monitor decreased. The author hypothesized that this was due to grain

being carried out of the machine In the straw mat.



Proporticnally fewer kerneis of barley were counted as compared to
wheat. This was assumed to be due to the awns still attached to some barley
kernels, preventing adequate impact. Various resistors were provided tc make

"the dial read bushels per hour for different types of grain.

Zaidi's Research

The work of Zaidi {1974) is of major interest fn.this design. He did
reseafch attempting to define criteria for threshability of various varieties
of wheat. He used a laboratory cylinder inStruhented to measure torque, and
equipped with a concave divided into six sections from front to back {here-
after termed positions one through six). Pans under the respective concave
sections were provided to catch the grain that was threshed on each section.
He ran many bundles of different varieties of wheat through thé cylinder in a
s;atistically designed series of tests. He reported a correlation between
the percentage of kernels found in the section nearesf the front of the con-
cave (first position) and the amount of unthreshed grain that left the
cylinder. Since that percentage was dependent on the feedrate, he also
correlated the amount of unthreshed grain to the ratio of the amount at the
first position and another concave position. Again a correlation was found,
although not quite as significant as for the percentage relationship. The
correlation was strongest for the ratio of first to sixth and first to fifth
sections.

There is some quesfion, of course, as to whether the relationship holds
true for field machines, sinze the laboratory cylinder was fed bundles rather
than a continuous flow of grain. There were also many other differences in

size and conditions between the laboratory cylinder and a field machine.



INVEST1GAT |ON

The objective of this research was to develop a transducer capable of
measuring the amount of grain threshed at a particular point on a combine con-
cave. The intention was not to accurately measure the total amount of grain
threshed for a concave area, but to produce a value proportional to this
amount. The ratio of the values produced by two of these transducers would
give information for a field combine similar to the information Zaidi (1974)
got for his Iaboratéry cylinder. |f Zaidi's laboratory work is valid for
field conditions, two transducers should provide inforﬁation for grain loss
monitoring and/or feedback signals for travel speed, cylinder speed, or con-

cave clearance control.

Preliminary Considerations

The primary concern, of course, was to produce a device capable of
measuring cylinder loss. No possibility was rejected without consideration.
Before Zaldi's work was finished, various methods of measuring cylinder loss
directly (by catching samples of straw and determining the number of unthreshed
heads) were discussed. Zaidi's results terminated this discussion, for two
reasons. First, it appeared to be a much simpler system. The process of
catching and finding the unthreshed head; in the volume of straw required for
8 repr;sentative sample requlred machinery too large and complex to be con-
sidered a simple monitor. The chances of such a system producing continuous

cylinder loss data were very low. Second, monitoring the cylinder loss at the

cvlinder had advantages from a control standpoint. Loss would be monitored as



it occurred, not several seconds later. This would give earlier warning of
loss, and thus a more efficient monitoring system. Also, the reduction in
time lag would enable a control system to react faster with less overshoot
‘and less danger of instability. _This would make the monitor much more useful
if it were used as part of the control system of an automated combine.

There are two ways to consider the kernels coming through the concave
for measurement purposes. They can be measured as a rate of mass flow:
either continuously, like an in-line scale does, or in increments, like a
tipping balance; or as individual kernels, by coénting. The counting method
was chosen because it permitted the use of a transducer that could function
inside the combine. It also presented the further advantage of being directly
usable in a digital control system. Considering the complexity of fully
automating a combine, and the recent.advances in digital electronics, the
chances are very éood that a control system for a fully automated combine will

be a digital system.

Attempt at a Mass Flow Monitor

A monitor to be used under the concave of a combine must endure a noisy
and dirty environment. It is subjeﬁt to damage and obstruction from dust and
straw, and it must reject sound and mechanical vibration, as well as be
insensitive to gross movements of the machine. The first attempt to design a
monitor fell victim to the environment problem.

The first monitor worked on the mass flow principle. The intention was
to build a small chute that would catch grain from an area of the concave
about two by six inches and direct it across a pan mounted on a cantilever
beam. The beam would deflect proportionally to the amount of grain on the

pan, and strain gauges would measure the deflection. The purpose of the chute



was to remove the effect of the velocity of the kernels as they entered the
device.

To design the beam, an estimate was needed of the amount of grain that
could be expected to flow through the two-by-six-inch chute. Assuming a com-
bine with a twenty-foot header operating at four miles per hour in forty-
bushel-per-acre wheat, the machine would thresh three hundred-eighty-seven
pounds of grain per minute. According to Kepner, et al (1972), combines with
twenty-foot headers have cylinders averaging forty-six inches wide. The
average concave area of the two largest machines of six manufacturers, all
with concaves in the forty-six-inch range, is nine hundred five square inches
(Implement and Tractor, 1974). This means that an average of .43 pounds of
grain would pass through ea;h square inch of concave per minute. Observation
of kernel counts done by Zaidi (1974) indicate that about twice as much grain
is threshed at the front as at the back of the concave. Therefore, the cantl-
lever beam should be designed to give maximum deflection while weighing .86
pounds of grain per minute per square inch of area sampled. For the two-by-six-
inch sample area this is 10.32 pounds per minute.

For a particular flow rate, the number of kernels that would be present
on the scale pan at a given time depends on the velocity of the kernels as they
move down the chute. To get an idea of the amount of wﬁeat that would be on
the monitor's scale pan at different flow rates, a test chute was constructed.
The chute was two inches wide and inclined at thirty degrees. |t was equlpped
with two gates that could be snapped shut to trap the wheat on a two-by-two-
inch area of the chute. This chute was tested using flow rates up to sixteen
pounds per minute. The resuits of the tests are shown in Figure 1.

The information in Figure 1 was used to calculate the size of beam

requlred to defiect sufficiently to produce a usable output with a certain load.
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Appendix A shows a sample calculation using tﬁe load for 10.32 pounds pef
minute, .0142 pounds, and lists several other design re;tr!ctions. The
natural frequency of the beam-pan combination used in the calculations was
~1.624 radians per second, which correspondﬁ to fifteen revolutions per minute.
This frequéncy is well within the range of vibrational frequencies that could
be expected from a combine. Frequencles for other loads are shown in Figure
2. Even if the load values in Figure 1 were far in error, the natural fre-
quency of the resulting beam would still lie weil within the range of vibra-
tional frequencies of a comBine; Therefore; the device would become excited,
and there would be a large noise signal present in the output of the device.
For this reason, and because the device seemed susceptible to plugging with
straw and chaff, the design of a cantilever beam type weighing device was

terminated.

Designing a Countfng Type Monitor

After brief.consideration of other mass flow schemes, such as microwave
and capacitance devices {rejected due to complexity), attention centered on a
counting metﬁod of measuring the flow of kernels. The only useful property of
a kernel of grain to detect its presence as it passes through a combine concave
is its kinetic energy. With all the straw and chaff that is present, it is
Impossible to detect it optically. Its resistance is so high that it cannot
be detected as it bridges two conductors, and the size of one kernel is
insignificant compared to the area of an air dielectric capacitor of sufficient
size to function below the microwave range.

However, the kinetic-energy of a kernel as it strikes a diaphragm pro-
duces an impulse that can be counted. The mass of the kernel is so much
greater than any other particle in the stream of grain and chaff that there is

no problem differentiating them.
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An impaét*type kernel counter consists of two active parts. They are
the diaphragm which the kernels strike, and the transducer which converts the
motion of the diaphragm into an electrical signal. These two parts are held
together by a body or frame. See Figure 3.

The chief consideration in the design of a counting-type monitor is the
maximum attainable counting rate. The counting rate is controlled by the
length of the pulse that s counted. The pulse length is determined by the -
length of time the kernel stays in contact with the diaphragm, and the length
of time the diaphragm 6scillate5 after the kernel leaves its surface. In the
case of every diaphfagm tested in this study, the oscillations were the only
significant part of the pulse length. This conclusion is drawn on the baslis
that the waveform changed chiefly in amplitude, slightly in duration, and
retained the same shape no matter what struck the diaphragm.

The diaphragm was chosen on the basis of three things: pulse length,
pulse height, and how much the signals decreased in height as the impacts
moved from the center to the edge-of the diaphragm.

The test counter diaphragms were round, one inch in diameter. See
Figure 4. This size was chosen because it would not significantly affect the
operation of the combine, and because the number of kernels striking a one-
inch diame;er counter represented a count\}ate that we felt we could achieve.
For the same conditions as were used for the cantilever beam device, a maximum
rate of .68 pounds per minute should strike the transducer. If there are
thirteen thousand wheat kernels in a pound (Brumfield, 1970), the required
count rate is 8780 seeds per minute, or 146 seeds per second.

if the kernels were to strike the counter at evenly spaced Intervals, a
6.8 millisecond pulse length would be acceptable. However, the incldence of

the kernels on the diaphragm is random. Therefore, there is a chance that
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two kernels will strike during the same time period and be counted as one.
The probability of this occurring is a function of the pulse length and the
rate of flow. Figure 5 shows the probability of two kernels striking the
counter within a particular time period for different flow rates. See Appen-
dix B for the derivation of this figure. Since the distribution is random,

the possibility of error exists no matter how low the count rate is.

Individual !mpact Testing

The selection of the best diaphragm proceeded in two main steps. First,
the best diaphragm material was selected by observing the waveforms produced
by the impact of individual objects. The best diaphragm was defined as the
one producing the shortest pulse length, greatest amplitude, and least
attenuvation of signal as a function of distance from the center of the
diaphragm.

The counter was fastened to a ring stand with a clamp and inclined fif-
teen degrees from the vertical to prevent bouncing. Number six lead shot were
dropped four inches onto the diaphragm and the résulting pulses were stored
and observed on a Tektronic Type 564 Storagé Oscilloscope equipped with a Type
3A74 Four Trace Amplifier and a Type 2B67 Time Base. Shot were used to insure
uniformity, and they were guided by a trough and tube arrangement to make sure
each one hit the same spot. See Figure € for details.

Copper, steel, aluminum, and polyethylene diaphragms were tested. .All
were .020 inches thick and one inch in diameter. Five of each kind were
mounted elastically, with silicone sealer, and five more*of each kind were
mounted inclastically with epoxy. To make the diaphragms easily interchange-
able, they were fastened to threaded rings which were screwed onto the body

of the counter; see Figure 3. Ten shot were dropped at each of four positions
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Figure 6.

18

Experimental set-up for tests with lead shot.
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on each test diaphragm. The four positions were the center, .16 inches from
che center, .32 inches from the ceter, and the edge of the diaphragm. A

total of sixteen hundred shot were dropped. Each pulse was Individually
observed, and its ma#imum heightland its length were recorded. The pulse
length was determined by the length of time required for the signal to fall
below a certain level, which varied depquing on the average maximum amplitude

for that diaphragm and waveform, but was' usually one fifth of the maximum

i
.

voltage.

The following pages contai; a seyjes of oscilloscope photographs, taken
on a Tektronic Type 503 Oscillobcopeghging a Tektronic Type C-27 Camera System
and Polaroid Type 107 film. The waveforms shown were chosen as typical of the
test conditions they represent. Appendix C contains the raw data taken, and
pertinent means. The oscilloscope was adjusted for the largest possible trace
for each group of five diaphragms.

Figures 7, 8, 9 and 10 show the difference between elastic and inelastic
‘mounting. Not only did the elastic mount produce greater amplitude, but the
signal decayed faster, which would permit a shorter pulse length and faster
counting.

Figures 11, 12, 13, and 14 illustrate the differences between the four
diaphragm materials that were tested. These characteristic waveforms held
for all positions and particles, except for changes in amplitude. Notice that
the polyethylene diaphragm not only produced a larger signal with a shorter
pulse length, but produced a lower frequency signal. The lower frequency Is
advantageous because it is easier to define the pulse lgngth of the low fre-
quency signals, and because transducers with poorer frequency response (there-
for cheaper) can follow the lower frequency signals. The frequency of the

diaphragm is roughly inveréely proportional to the modulus of elasticity of



Figure 7. Trace produced by the impact of a lead shot on an inelastically

mounted polyethylene diaphragm. 1 volt/div., .5 msec./div.

Figure 8. Trace produced by the impact of a lead shot on an elastically

mounted polethylene diaphragm. 5 volts/div., .5 msec./div.
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Fipure 9, Trace produced by the impact of a kernel of wheat on an

inelastically mounted pclyethylene diaphragm. .5 volts/div,, 1 msec,./div,

Figure 10, Trace produced by the impact of a wheat kernel on an

elastically mounted polyethylene diaphragm. .5 volts/div., .5 msec,/div.
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the diaphragm materiai (Table 1), which is as It should be since the spring
constant depends on the modulus of elasticity. Notlice from Figures 11 and 12
or 13 and 14 that the mounting material doesn't seem to have any effect on

the frequency of the signal.

Table 1. Modulus of Elasticity and Diaphragm Frequency for

the Various Diaphragm Materials.

Material Hodulus of Frequency » &
Elasticity (cps)
(psi, Fa) ‘
- 6 i1
Steel 3 x 10°, 2,07 x 10 5000
Copper 17 x 106__- 1,17 x 1011 4000
Audmm 10 x 106, 6.89 x 10° 3500
Polyethylene 10 x 108, 6.89 x 108 2500

% Bolz and Tuve, 1970
ex Determined by observation of oscilloscope traces,

Figures 14, 15, 16, and 17 illustrate how the signal amplitude decreases
with distance from the center+of the diaphragm. This decrease was present in
all of the materials but was not nearly as predictable for some of them, since
the signals became very small and erratic toward the edge. Figure 18 shows a
signal from an object that struck the diaphragm over the threaded ring. Its
amplitude is roughly .1 that of a signal from just inside the ring. This
indicates that the part of the diaphragm over the ring should not be considered
part of the effective area of the diaphragm. A similar indication of the
degree of attenuation for wheat can be galned by comparing Figure 19 to Figure

10.
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Figure 11, Trace produced hy the impact of a lead chot on on elastically

rounted zteel diaphragr, o5 volts/div., .5 meec,/div.

Figure 12, Trace produced by the impact of a lead shot on an elastically

mounted copper diaphraghe. 5 volts/div., 1 msec,/div.



Figure 13, Trace produced by the impact of a lead shot on an elastically

mounted aluminum diaphragm, 1 volt/div,, .5 msec,/div,

Figure 14, Trace produced by the impact of a lead shot at the center of

an elastically mounted polyethylene diaphragm, 5 volts/div., .5 msec,/div.



Figure 15, "Yrace produced by the impact of a lead shot .16 inch from the

center of an elastically mounted polyethylene diaphragm, 5 volts/div., .5 msec,/div.

Tigure 16, Trace produced by the impact of a lead shot .32 inches from the

center of an elastically mounted polyethylene diaphragm, 35 volts/div., .5 rrec,/div.
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Tigure 17, Trace produced by the impact of a lead shot at the edge of an

elactically mounted polyethylene diaphragm, 5 volts/dive, .5 msec,/div.

Figure 18, Trace produced by the impact of a lead shot over the mounting

ring of an elastically mounted polyethylene diaphragm. .5 volt/div., .5 msec./div,



Pigure 19, ™race produced by the impact of a wheat kernel at the edge of an

elastically mounted polyethylene diaphragm. .5 volts/div., .5 msec./div,

Figure 20, Trace produced by the impact of a corn kernel cn the center of

an elastically mounted polyethylene diaphragm., 3 volts/div., .5 nsec,/div.
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As a matter of interest, the counter was also tested with corn and
milo. Except for differences In amplitude and some ‘slight changes In wave=-
form, the output signal was very much the same, Figures 20 and 21.

| Figure 22 illustrates a phenomenon the experimenter referred to as a
double bounce. The exact cause of this is not known, but it was hypothesized
that it was caused by the wheat kernel laﬁding on its end, then falling over
on its side to produce another pulse. Lead shot, milo, and other round
objects never produced a signal‘such as this, which tends to support the
theory. When the same object produced two pulses by striking, bouncing up
and striking again, the pulses were at least five milliseconds apart because
the oscilloscope always triggered twice.

Reed, et al (1969), felt that barley sometimes failed to trigger their
acoustic counter if it stil) had awns Qttached. This experimenter noted a
similar phenomenon in that wheat kernels landing hair end down seemed to pro-
duce a smaller signal than those oriented the other way. This is only a
generz] observation and is not supported by data, since tﬁere is no way to be
sure that wheat kernels dropped hair end down actually landed that way.

On the basis of observations of traces such as these, and on the basis
of the data in Appendix C, elastically mounted polyethylene diaphragms were

determined to perform best.

Flow Rate Testing
Having selected the diaphragm, further tests were made on the perfor-
mance of the counter as a whole. A vibratory feeder and a funnel (Figure 23)
were used to direct various flow rates of wheat onto the counter, which was
equipped with an elastically mounted polyethylene dlaphragm. The pulses were

counted by a Hewlett Packard 5212A Electronic Counter. The flow was counted



Figure 21, Trace produced by the impact of a milo kernel oun the center of

an elastically mounted polyethylene diaphragm, 1 volt/div,, .5 msec,/div,

Figure 22, Double bounce trace produced by the impact of a wheat kernel on

an elastically mounted polyethylene diaphragm, .5 volt/div., .5 meec,/div,
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Figure 23. Experimental set-up for flow rate tests with wheat. Second

funnel which caught seeds after counting has been removed to show counter.



for one minute, one-half minute, or cne-quarter minute, depending on the rate.
The kernels were caught as they bounced off the counter and were recounted
with an Audiotronics Electronic Seed Counter to determine the actual flow
rate. The data are in Appendix D-and are graphed in Figures 24, 25, and 26.
The counter was tested using pulse lengths of 1.0, 1.5, and 2.0 milliseconds
and flow rates to nearly sixty-five thousénd seeds per minute. The term pulse
length refers to the pulse length of a monostable multivibrator in the count-
ing circuitry. Once this monostable multivibrator was triggered, another seed
could not be counted until the pulse was over.

The curves of the test counts were fitted by a version of the Doolittle
statistical analysis program. A weighted, constrained, polynomial regression
analysis was performed, resulting in the equations in Table 2. The curves
were constrained to pass through the origin, and the coefficient of the linear
term was set at .81403. To determine this value, the ratio of the experimental
counts to actual counts was taken. This ratio remains constant up to a certaiﬁ
number of counts and then begins to drop off. The average of all the ratios
of all the counts up to the drop off point is .814C3. The analysis was
weighted by assuming that if the variance of a one-minute sample period was
one, the variance of a one-half minute sample period would be two, and the
variance of a one-quarter minute sample period would be four.

The resulting overall estimate of standard deviation wés 328.15. It was
not recommended that these equations be used to predict counts beyond 50,000
seeds per minute.

The discrepancy between the actual performance of the counter and per-
fect operation, which would be represented by a line with a slope of one in
| Figures 24, 25, and 26, could be due to any or all of several factors. First,

some seeds are missed due to doubie strikes. Figures 24, 25, and 26 show
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Table 2. Fitted Equations for Transducer Output as a Function
of Flow Rate.

General Equation ¥ = Byt pix + /921{2 + /93:{3 + ﬂu_xq'

Pulse Length - Coefficient
(msec.)

fo=0
Pq= 81403

2.0 ' P, = -2.5496402 x T

| ﬂ3 = -2,3625701 x 10‘10

Py = 2.6626254 x 10’15
Ppoy=0
£ 1 = 61403

1.5 P o= =5.4256660 x 107°
F3 = 26234013 x 1070
P, = 2.9376€65 x T
Fg=0
ﬂ1 = 61403

1.0 f?z = 4,3107971 x 10'6
By = <3.2276607 x 10;‘50

Py = 2.663336 x 10
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curves of predicted performance that take double strikes into account. These
curves show the probability of at least one strike in a time period equal to
one pulse length. They were developed in the same manner as the curves in
Figure 5, which show the probabtility of an error--two or more strikes in one
pulse tength. The procedure is explained in Appendix B. It is not entirely
valid to predict performance in this mannér, because it assumes the pulses
counted are very short compared to the time pefiod. That is, if a second
kernel falls during a time period, probabllistically it is lost. Actually, if
it falls near enough the end of the perlod, the signal it produces will extend
out of the period and be counted. At any rate, it can be seen that this
theory alone does not explain the error accurately enough to match the actual
count curves. Second, an especlally heavy seed may produce a pulse long
enough to be counted twice. Third, perfect performance is established by the
Audiotronics optical counter. This counter counts shriveled and broken kernels
and pieces of dust that the impact counter cannot detect. Finally, there is a
possibility that the seeds were physically interfering with each other at some

of the higher flow rates.

The Transducer

It may have been noted that relatively little emphasis has been placed
on the traﬁsducér part of the counter. This is true for two reasons. First,
the experimenter had no control over the design of the transducer, simply using
microphone elements purchased locally. Second, the transducer was not a criti-
cal part of the design. Any number of transducers with response far greater
than necessary are available. The only consideration is that the transducer
be immune to vibration. For this reason, a high quality crystal element is

recommended, with response to around ten thousand hertz. Capacitance and



>

resistance elements would glso work, but are not preferred since they are
more complicated and require z power supply. "For the experimental work a
Realistic MC~1000 element was used. It had excellent response, but was sensi-
‘tive to vibration, being of the dynamic type. Figure 27 illustrates the
result of using an element with too low response, an inexpensive crystal

model with response to about two thousand hertz. The crystal itself has been
excited and is oscillating rather than tracking the oscillations of the dia~

phragm. Compare this picture with Figure 7.

Signal Processing

The output of the transducer is not compatible with electronic counters,
The several peaks of each signal would produce multiple couﬁts, and it was
necessary to provide the counter with pulses of uniform amplitude and to
eliminate noise signals. ‘lt seemed that a circuit to make the signal coﬁpa"
tible was a logical final step, so a circuit was desiéned to produce one
uniform wave form for each variable pulse.

The circuit had to do three things. It was to differentiate between
signals and noise, prevent multiple triggering, and produce a countable wave-
form. The classical method of dealing with this problem, which is widely used
in debounﬁing switches, for example, is to use a monostable multivibrator.

The moncstable multivibrator triggers when the signal rises above a certain
level, and stays on, regardless of what the signal does, for a length of time
longer than the signal lasts.

The circuit is block diagrammed in Figure 28. It has three main parts,
the first two of which are detailed in Melem and Garland (}1971). Figure 29
shows the schematic diagram of the circuit. The first part is made up of

resistors R, and R_ which serve as a level detector that separates the signal

2 3



Tigure 27, Trace produced by the impact of a lead shot on an elastically

rmounted polyethylene diaphragm with a2 slow transducer. 2 volts/div., 1 msec,/div,

38
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from low level noise. They produce a negat!vé voltage at the input of the
first monostable mu]tlvibrétor. To trigger the monostable multivibrator, the
signal must be large enough to produce a net positive voltage at the input
(Figure 31). Figure 30 is included for coﬁparison. The second part Is a
monostable multivibrator made up.of a 741 operational amplifier and its asso-

ciated components C2’ R#’ and ZI. Rq and C, determine the length of time the

2
monostable pulse lasts, and Z] limits its output voltage to make it compatible
with the next stage. wﬁen no signal i§ being received, the first monostable
multivibrator produces four volts D.C. When a signal arrives, its output
drops to zero volts for the set time, and then returns to four volts. See
Figure 32. This monostable output pulse is what hides the various peaks of
the input signal and determines the maximum counting rate of the counter. The
third stage is a 74121 TTL monostable multivibrator. It is connected in a
standard manner suggeéted by the manufacturer to preduce a thirty nanosecond
pulse every time the first monostable multivibrator returns to four volts.

See Figure 33. The short output pulse means that the output of several trans-
ducers can be added together with little chance they will overlap, losing a
count. Alsc the output of this monostable multivibrator is compatible with
TTL counters. Since TTL is generally the most restrictive of the various
logic families, a system that is TTL compatible is usually compatible with
other legic systems, or can easily be made compatible.

The circuit was produced in thick film (Figure 34). This allowed it to
be reduced to a two-inch by three-quarter-inch chip. Thick film technology
has several advantages for agricultural applications. The primary one is that
it is the most economical production system to use when producing the number
of circuits that would be required for agricultural applications. It is much

smaller than printed circuits, yet it Is more flexible than monolithic con-



Figure 30, Input to signal processor, !heat lternel on elaztically nounted

polyethylene diarbragn. 1 volt/div,., .5 msec,/div,

Figure 31, Input signal after comparator stage. 'Theat kernel on

elastically mounted polyethylene diaphragm. 1 volt/div., .5 msec./div.

k2



Tigure 32,

Output of the first monostable multivibrator stage.

2 volts/div., .5 msec,/div,

Figure 33,

ODutput of the final monostable multivibrator stage, lengthened

for vicibility. 2 volts/div,, .5 msec,/div.
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Figure 34. Thick film signal processing circuit before encapsulation.



ks

struction. |t can be encapsulated, making it impervious to duét and moisture.

- - kn general, the thick film process Involves printing conductors and
resistors in paste form on a ceramic substrate using photographically reduced
silk screen masks. The substrate is dried and then fired at eight hundred to
one thousand degrees Centigrade,.dcpending on the paste used. The values of
the resistors can be adjusted by various trimming methods, and discrete com-
ponents are then attached by reflow soldering. Due to the rigidity of the
substrate and the small conductor size--twenty mil wide lines are easy to
achieve--miniature components can often be employed. Finally, the substrate
is encapsulated in epoxy for protection.

The circuit pictured in Figure 34 (before encapsulation) was produced
in the facilities of the Department of Electrical Engineering at Kansas State
University, and performed perfectly. It was assembled and RZ and Rh were
functionally trimmed, that is, trimmed while the circuit was operating, to
adjust the trigger level and the pulse length of the first monostable multi-
vibrator. The circuits can be produced all alike and later adjusted by trim-
ming for various applications. The trimming process is no more difficult
than adjusting a potentiometer, but it requires some equipment and is not

veversible.



CONCLUSION

On the basis of the calculations done for this study, it is not practical
to monitor cylinder performance at the cyiinder with cantilever beam devices.
Beams of suitable size are subject to excitation by machine vibrations and
plugging with'straw, chaff, and dirt.

An impact type transducer has been developed which meets the design
requirements. |t is not susceptible to vibration, noise, dirt or moisture,

It Is small enough not to obstruct the Operatfon of the combine. It can count
approximately five times as fast as necessary If its output is modified Sy
equations that were fitted, and its response can be considered linear to one-
and-one-half to two times the design count rate. |

The transducer is cheap enough to be practical as a commercial attach-
ment, if further tests show it gives the desired information. Its output
could be adapted to give an indication of bushels per hour on a dial or
digital readout, or it could become part of a control system for the whole

combine. For research, its output could be counted and stored for further

study.
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SUMMARY

The purpose of this research was to design a monitor which could detect
cylinder loss in a combine. The design was based on Zaidi's finding that
cylinder loss is related to the distribution of threshed grain under the
concave. Monitoring cylinder loss by measuring the ratio of the amount of
grain threshed at the front of the concave to the amount of grain threshed at
the rear of the concave solved the problem of sampling the threshed straw for
unthreshed heads and gave earlier warning of loss.

It was determined fhat measuring the mass flow of grain was impractical,
so an impact counter was designed that counted individual kernels. Various
materials and methods of attachment were studied to determine the best
diaphragm,‘which was polyethylene mounted with silicone sealer. The counter
was capable of counting about five times as fast as necessary, and was resis-
tant to the noise, vibration, moisture and dirt found under the combine con-
cave. It was also small enough not to obstruct the operation of the combine
and fairly inexpensive.

The complete the counter, a circuit was designed to process Its signals

and make them compatible with electronic counters.



SUGGESTIONS FOR FURTHER RESEARCH
1. For this research to have any meaning, it 1s necessary for
a combine to be equipped with these counters and tested in the field
to determine if they work properly and give the information that

they are designed to give.

2. If the preceeding is successful, the counters should be developed

into practical attachments to improve the efficiency of grain combines,

3. If the transducers prove successful, but are too costly to
develop for universal application, they could still be used to give

insight into the operation of the combine cylinder on a research basis.

" ug
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Appendix A
The design of the size of the cantelever beam proceeds in reverse
order. A final maximum output voltage of six volts is desired.

With a gain of one thousand, .006 volts is required from the strain

gage bridge.

E;:R ' (1) Perry and Lissner (1955)

ae

]

se, volis, output of the strain gage bridge; E, volis, bridge execitation
voltage; 4R, ohms, change in gage resistance due to strain; R, ohms,

nominal gage resistance.

e = 6 AR
.06 = '129

«12 = 8R
oR _ oL
R= I (2) Perry and Lissner (1955)

F, dimensionless, gage factor; 4%. inches per inch, strain.

Jd2 _ aL
[
.0005 = “E
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Appendix A {continued)

L EI {3) Byars and Snyder (1369)

M, inch-pounds, distance from point of application of load to point
of measurement of stress times load; u, inches, distance from
neutral axis of beam to point of measurement, in this case the beam
thickness divided by two; E, poﬁnds per square inch, the modulus
of elasticity for steel, 29 x 106 psiy I, inchesu, noment of inertia,
13:? b 3, where b is the width of the beam in inches and t is the thickness
of the beam in inches.

For this example use a load of .0142 pounds; from Figure 1;
distance from point of application of load to point of measurement of
stress, 4.5 inches, assuming a maximum beam length of f{ive inches

due to restrictions on the size of the device; and the minimum beam

width that will still permit mounting gages, .25 inches.

0142 x 4.5 x %

.0005 = |
29 x ‘106 x1-1—2x t3
t = .00514
Exbx t3
) (4) Thompson (1972)

K, pounds per inch, spring'constant; 1, inches, length of beam.

29 x 10% x .25 x 005143
b x 53

-
[t}

.00197



Appendix A (continued)

The mass of the pan, 2 inches by 2 inches by .025 inches, aluminum,
is .1 inch’ times 2.73, the specific gravity of aluminum, times .036

pounds per inch3, density of water, which is .009&58 pounds.

£
I

n 7 (5) Thompson (1972)

M, slugs, mass of the pan plus the mass of the wheat on the pan, .0142
pounds plus .009E5E pounds divided by 32.2 pounds per slug, .000747

slugs. @, radians per second, natural frequency.

w = (290197
.0007487

n = 1,624 rad/sec or 15.5 rev/min.

e
I
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Appendix B

The determination of the maximum permissible pulse length on the
basis of the probability of overlaonping counts depends on the assumption
that the incidence of the kernels on the counter is a Poisson distribution.
This assumption accepted, the determination proceeds as follows.

There is at least one error if two or more kernels strike the
transducer in one pulse width., The probability of two or more strikes
in a period of time is one minus the probability of one or zero strikes.
in a period of time.

P [2or more in T sec.] =1 - P {f or 0 in T sec.)

i

"

P [2 or more in T sec.] =1 « P [1] -~ P [0]
The probability of exactly k strikes in T seconds;

k
P [exactly k in T sec.] = (A1) e~AT (6) Snedecor and Cochran (1967)
k!

}, the averzge nuaber of kernels in T seconds; T, the pulse length;

and k, the number of strikes.

|
-t
1

P [2 or more in T sec.)

.(..)_@i e"}‘T - _QlDE e->\T
it ot

5T o= M -l

v = 1 -8

T (a1 + 1)

" =1

This relationship was used to calculate the probabilities of error
for different flow rates and pluse lengths shown in Figure 5.
The predicted performance in Figures 24, 25, and 26 was developed

{from the same theory in the following manner,



Appendix B (continuad)

1 -P [0 in 7T SECQ]

]

P [i or more in T sec.)

This probability, times the number of T second periods in a minute,

gave the predicted performance.
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Appendix C

Polyethylene Diaphragm, Elasticeally Mounted, Center Impacts,

Dianhragm Numbepr

Tmpact 1 2 3 b 5
No.
H L H L H L H L R L
1 i0 2.0 11 1.6 9 1.8 12 1.8 10 1.6
2 2 2.0 . 10 1.6 12 1.6 11 1.6 12 1.6
3 10 2.0 10 1.6 12 1.6 11 1.8 12 1.6
L & 2.0 10 1:6 12 1.5 12 1.8 10 1.6
5 9. 2.0 11 1.6 12 1.6 13 1.8 11 1.6
6 10 2.0 13 1.6 12 1.8 13 1.8 12 1.6
7 9 2.0 11 1.6 12 1.8 12 1.8 11 1.6
& 9 2.0 12 1.6 12 1.8 12 1.8 10 1.6
10 9 2.0 10 1.6 12 1.8 13 1.8 10 _ 145
X 9.3 11,0 11.6 12.2 10.5
S .6? 1005 -97 079 171
Mean of X's = 10.92, Standard Deviation os x's = 1.11.
Polyethylene Diaphragm, Inelastically lNounted, Center Impacts.
. Diaphramn Number
Impact 1 2 3 L 5
NO.
H L H L H L H L H L
1 5.5 1.0 6.0 1.0 7«5 1.2 740 1.2 3.0 .8
2 6.0 1.0 6.0 1.0 7.0 12 6,5 1.2 3.0 + 6
3 5.5 1.0 5.5 1.0 8.0 1.2 7.0 1.2 4.0 «8
4 6-0 1-0 5.5 1.0 \(.300 1.2 b05 1.?- L"oo '8
5 6.0 1.0 6.0 1-0 8.0 1.2 6-5 1.2 1"’05 06
6 5.5 1.0 6.0 1.0 7.0 1.2 6.5 1.2 L0 .8
7 6.0 1.0 55 1.0 7.0 1.2 7.0 1.2 L, .8
8 6.0 1.0 6.0 1.0 ?.D 1.2 6.5 1‘2 u’oo IB
9 6.0 1.0 6.0 1.0 6.0 1.2 7.0 1.2 40 .8
10 6.0 1.0 6,0 1.0 7.0 1.2 7.0 1.2 kO .8
X 5.85 5.85 7.45 6.75 3.85
.24 o2l « 50 26 7

Mean of X's = 5,95, Standard Deviation of X's = 1.35.

E indicates maximum pulse heizht in volis, L indicates pulse length in msec.
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Appendix C {continued)

Aluminum Diaphragm, Zlasticallv Mounted, Center Impacts;

Diaphragm Number

Impact

No.
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2.9&, Standard Deviation of x's
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Mean of x's

Aluminum Diaphragm, Inelastiecally Mounted, Center Impacts.

Dianhragm Number

Impact

No.
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1.09, Standard Deviation of x's

Mean of x's

H indicates maximum pulse height in volts, 'L ‘indicates pulse length in msec.



Appendix € (continued)

Steel Diaphragm, Elastically Meunted, Center Impacts.

Diaphragm Number

Impact i 2 3 4 5
Nos ,
H L H L H L H L H L
1 9 1.5 «? o .9 9 1.0 .5 1.0 .6
2 o6 1.5 .9 o o8 9 Y. 9 .6
3 & 1.5 o7 o o7 9 9«5 1.0 .6
b |8 1-5 . -9 ou |b 09 o? 05 c9 06
5 8 1.5 «6 o .8 9 9 .3 1.0 .6
b & 135 9 oA o0 9 9 WD 18 6
? 09 1-5 09 au |9 |9 1.0 05 08 c6
& 6 145 .8 ol .9 e G 5 .9 Wb
9 8 1-5 59 oh 18 -9 09 -5 09 06
10 a6 15 .9 4 .8 W9 L9 5 9 .6
X .82 .86 .82 «90 .93
s

Ok 07 .06 08 .07

Mean of X's = ,&7, Standard Deviation of x's = ,05.

Steel Diaphragm, Inelastically Mounted, Center Imapcté.

Diaphraem Numzer

Impacts 1 2 3 4 5
Ko.
H L H L H L H L H L
1 6 1.0 o8 1.5 1.0 1.0 o & 5 o5 1.0
2 6 1.0 o9 145 1.0 1.0 9 o5 o7 1.0
3 6 1.0 .9 1.5 1.0 1.0 o7 5 o7 1.0
4 . 140 & 1.5 & 1.0 o «5 .6 1.0
5 .6 1.0 o7 19 1.0 1.0 .9 o5 o7 1.0
6 6 1.0 .8 1.5 .7 1.0 9 ) 7 1.0
7 0 1.0 o7 145 .9 1.0 9 5 .6 1.0
& .6 1.0 b 1.5 & 1.0 o9 o5 ] 1.0
9 .6 1.0 o7 1.5 .9 10 9 o5 o 8 1.0
10 7 1.0 & 1.5 1.0 1.0 Wb W5 W2 1.0
% .61 79 .91  «85 o 71
.03 00? 011 00? uo?

Mean of X's = .77, Standard Deviaticn of X's = (12,

H indicates maxiwum pulse height in volts, L indicates pulsellength in msec.



Appendix C (continued)

Copper Dlaphragm, Elastically Mounted, Center Impacts,

Diaphragm Number

Impact
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Mean of x1's = 1,35, Standard Deviation of x's = .19.
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Copper Diaphragm, Inelastically Mounted, Center Impacts,

Diavhraem Number

Impact

No.
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.61, Standard Deviation of x's = .0

Mean of x!'s =

H indicates maximum pulse height in velts, L indicates pulse length in msec.
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Appendix C (continued)

" Pulyethylene Diaphragm, Elastically Hounted, Impacts .16 Inch from Center.

Diaphragm Number

Impact

No.
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Mean of x's = 5,11, Standard Deviaticn of x!s

Polyethylene Diaphragm, Inelastically Mounted, Impacts .16 Inch from Center.

Diaphragm Number

Impact

No.
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3,73, Standard Deviation of x!'s = .9&.

Mean of x's

H indicates maximum pulse height in volts, L indicates pulse length in msec.
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Diaphragm Number

No.

Aluminum Diaphragm, Elastically Mounted, Impacts .16 Inch from Center.
Impact

Apperdix C {continued)
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Aluminum Diaphragm, Inelastically Mounted, Impacts .16 Inch from Center.
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s
H indicates maximum pulse height in velts, L indicates pulse length in msec.



Appendix € (continued)

Steel Diaphragm, Blastically Mounted, Impacts .16 Inch from Center,

Diaohrasm Nuaber

Impact 1 7 2 3 b 5
Mo,
H L H L H L H L H L
1 1.2 S 105 .5 05 1!0 3‘0 1:{: 2-0 09 CS
2 1.2 1.5 . wd T2 30 .9 .. 2.0 7 o5
3 1.0 {5 6 5 1.0 3.0 1.0 2.0 o8 ]
4 1.0 1.5 . .5 1.1 3.0 1.0 2.0 7 «5
5 1«2 1:5 . ca -5 1.1 3.0 1.1 6?»'0 -6 -5
6 1.0 1.5 o5 5 t«e1 3.0 1.0 2.0 o7 5
7 1.0 1.5 & o5 1.1 3.0 7.0 2.0 o7 «5
& 1.0 1.5 wd «5 1.0 3.0 9 2.0 ) 5
9 1.2 1.5 oG +5 1.0 3.0 1.0 2.0 o w5
10 1.2 1.5 .5 1.0 3.0 1.1 2.0 27«5
X 1,10 | 1.04 1.00 72
8 11 1 .08 .07 .09
Mean of x!'s = .21, Standard Deviation of Xts = .19,
Steel Diaphragm, lnelastically Hounted, Impacts .16 Inch from Center,
Disphraem Nunber
Impact 1 2 3 4 5
NG; !
H L H L H L H L H L
i o7 o5 1.3 2.0 1.0 1.0 1ot 5 .6 5
2 o7 o5 1.5 2.0 8 1.0 1.1 o5 o7 w5
3 o7 5 1.5 2.0 9 1.0 1.2 &5 o7 5
L B ) 1ol 2.0 o 1.0 1.3 o5 o7 o5
5 o7 o5 1.3 2.0 1.0 1.0 1.1 .5 o5 o5
6 .{: .5 1-1" 2.0 1'0 1-0 101 05 08 -5
7 o7 o5 1.3 2.0 1.0 1.0 1.2 5 o7 » 5
5 o8 5 teh 2.0 1e1 1.0 1.1 «5 7 5
9 l? .5 1."" 2.0 100 1.0 1.0 IS l&a !5
10 8 W5 % 2.0 1.1 1.0 1.0 5 sT_. 5
% .72 1.39 .97 112 72
g .06 .09 o1 .09 .06
Mean ¢f X's = .96, Standard Deviation of X's = 28,
H indicates maximum pulse height in volts, L indicates pulse léngth in msec.



Appendix C (continued)

Copper Diaphragm, Elastically Mounted, Impacts .16 Inch frem Center,

Diaphramm Number

Impact 1 2 3 L 5

No. 7

H i H L H L H L H L
1 b 1.5 8 3.0 B 3.0 o7 2.0 8 + 2,0
2 8 ta% . o6 3.0 .6 3.0 7 2.0 o8 2.0
3 W& 15 o7 3.0 6 3.0 o5 2.0 o7 2,0
4 & TS5 . a7 3.0 .6 3.0 .6 1.5 7 2.0
5 o6 143 .8 3.0 8 3.0 5 1.5 B 2.0
6 qa 1.5 -8 j.O 06‘ 3'0 05 1-5 I& 2.0
? 08 105 c? 3-0 06 3'0 06 1.5 l? 2.0
8 & 1.5 7 3.0 .0 3.0 .6 1.5 7 2.0
9 6 1+:5 8 3.0 .6 3.0 .6 1.5 0 2.0
10 8 1.5 W7 3.0 W6 3.0 L5 1.5 L7 20
X .8 .75 6 w77 71
s 0 05 0 07 .07

Mean of X's = .69, Standard Deviation of x's = .10,

Copper Diaphragm, Inelastically Mounted, Impacts 6 Inch from Center,

Disohraem Number

Impact ) 1 2 q b 5
Ho.
H L H L H L H L H L
1 35 2.0 35 2.0 0 3,0 «35 3.0 A0 2.0
2 .35 Z.0 .35 2.0 «30 340 35 3.0 L0 2.0
3 .35 2.0 «30 2,0 G 3.0 32 3.0 .35 2.0
i .30 2.5 36 2.0 O 3,0 35 3.0 30 2.0
5 L300 2.0 +38 2.0 35 3.0 «30 3,0 .32 2.0
6 o35 2.0 .30 2.0 JiD o 3,0 35 3.0 +35 2.0
7 W32 2.0 30 2.0 35 3.0 30 3.0 w35 2.0
g 35 2.0 32 2.0 .30 3.0 .35 3.0 32 B0
g 30 2,0 .35 2.0 .30 3.0 37 3.0 .35 2.0
10 35 2.0 =30 2.0 235 30 32 3.0 «35 2.0
X l33 133 136 -3“‘ -35
s 02 .03 O 02 03

Mean of X's = .34, Standard Deviation of x'g = .01,

I irdicates maxiwum pulse height in volts, L indicates pulse length in msec,
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Diavhragm Number
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Polyethylene Diapbragm, Elastically Mounted, Impacts .32‘Inch from Center,

Appendix C (continued)

o3

Impact
No.
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= 1,83, Standard Deviation of x's = .21,

X
s
M=an of x!s
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Polyethylene Diaphragm, Inelastically Mounted, Impacté .32 Inch frcm Center.
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.80, Standard Deviation of x's = .10.

.13

Mean of x's
cates maximum pulse height in volts, L indicates pulse length in mse:
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Appendix € {continued)

Alumirum Dizphragm, Elastically Mounted, Impacts .32 Inch from Center.

Disphragm Number

Irpact 1 2 3 4 5

Noe . .

H L H 'L H L H L H L
1 .6 2.0 7 1.0 & 1.0 .8 2.5 7 i.0
2 9 2.0 .8 e g 1.0 1.0 2.5 .6 1.0
3 o7 2.0 & 140 8 140 11 25 .6 140
L .9 2.0 .6 140 8 1.0 fadt 2.5. b 1.0
5 .9 2.0 .6 1.0 B 10 1.4 2.5 .06 1.0
6 . 2.0 .9 150 7 . 10 1«1 2.5 .7 1.0
7 7 2.0 i7 1.0 9 1.0 .9 2.5 . 1.0
& £ 2.0 .6 1.0 .8 1.0 1.0 2.5 W6 1.0
9 ol 2.0 o7 1.8 1.1 1.0 1.2 2.5 .6 1.0
10 7 20 7 1.0 1.0 1.0 1+ 2.5 b 1.0
X 77 .71 .78 1.06 .63
s <11 .09 .19 JAE .05

Mean of x's = .79, Standard Deviation of Xts = 417,

Aluninum Diaphragm, Inelastically Mounted, Impacts .32 Inch from Center.

Diaphrasm Mumbep

Impact 1 2 3 b 5
Noe
3 L H L H L H L H L
1 10 2.5 S 8.0 45 4,0 16 2.0 .
2 12 2.5 47 3.0 .12 4.0 19 2.0 08 2.5
3 08 2.5 .16 3.0 A0 4,0 W20 2.0 13 2.5
L A2 24 .15 3.0 .15 4,0 Jd8 0 2.0 QB8 2.5
5 09 2.5 A8 3.0 .20 4.0 45 2.0 = -
8 A7 2.5 .20 3.0 16 4.0 .10 2,0 08 2.5
7 A6 2.5 A7 3.0 40 4.0 220 2.0 31 245
& W15 2.5 200 3.0 0 W07 W0 W20 2,0 07 2.5
9 A5 2.5 A5 3.0 08 4,0 40 2.0 A0 2.5
10 JE 2.5 .6 3.0 .15 k0o .20 2.0 10 2.5
X 13 17 13 R 10
s .03 02 Ol Ob L2

Mean of x!'s = 14, Starndard Deviation of X's = .03

H indicates maximum pulse height in volts, L indicates pulse length in msec.



Appendix C {continued)

Steel Diaphragm, Tlastically lMounted, Impaets .32 Inch from Center.

Diaohrasm Number

Impact 1 2 3 b 5
No.
H L H L H L H L .H L
1 .30 3.0 .20 1.0 L0 1.5 «30 1.0 25 .5
2 .22 3.0 .15 1.0 L300 1.5 .30 1.0 «35 .5
3 36 3.0 25 1.0 W30 1.5 .32 1.0 «32 &5
4 28 3.0 20 1.0 25 1.5 .30 1.0 24 .5
5 .32 3.0 A5 1.0 25 1.5 .30 1.0 30 .5
6 30 3.0 15 1.0 30 1.5 36 1.0 «30 o5
7 22 3.0 A3 1.0 30 1,5 .30 1.0 N
8 l25 3.0 020 1.0 130 1!5 '30 1!0 OZI\L 05
9 35 3.0 16 1.0 .30 1.5 25 1.0 «32 45
10 +38 3.0 JE6 1.0 +30 1.5 +30 1.0 224 .5
x .30 .18 30 .31 29
s L8 . SOk O L2 .04
Mean of X's = .29, Standard Deviation of X's = .05,
Steel Disphragm, Inelastically Mounted, Impacts .32 Inch from Center.
Dianhragm Nomber
Impact 1 2 3 b 5
No.
H L H L H L H L H L
1 L3 1.0 A4 1.0 16 1.0 25 1.0 2.0 1.0
2 JA4 1.0 1.5 1.0 .10 1.0 20 1.0 1.0 1.0
3 .11 1.0 A7 1.0 17 140 32 1.0 2.5 1.0
""'l‘ 013 1.0 o1? 1.0 -1? 100 -28 1.0 1-0 100
5 L7 1.0 Sk 1,0 16 0 1.0 26 1.0 2,0 1.0
6 l15 1-0 -15 110 .16 1.0 e25 1[10 Zc‘q' 1-0
7 11 1.0 A4 1.0 .19 1.0 24 1.0 1.5 1.0
& o 11 1.0 46 1.0 L8 1.0 .32 1.0 1.0 1.0
9 .13 1.0 A5 1.0 A6 1.0 24 1.0 1.0 1.0
10 10 1.0 Jb 1.0 13 1.0 <30 1.0 1.0 1.0
X 2 A5 .16 27 1.54
8 .02 .01 .03 -0k .63

Mean of X's = .45, Standard Deviation of X1s = .61,

H indicates maximum pulse height in volts, L indicates pulse length in msec.



Appendix C (continued)

Copper Diaphraga, Elastically bounted, Impacts .32 Inch from Center.

Diaphrage Number

68

Impact i 2 3 L 5
No.
H L H L H L H L H

i .15 5.0 L0 4.0 10 2,5 A6 4,0 w15
2 «15 Bl A8 4,0 L0 2.5 146 4.0 A5
3 12 K0 A2 L0 09 2.5 15 4,0 A7
L .13 50 42D 4,0 .10 2.5 A4 4,0 «19
5 .13 5.0 .20 4,0 .09 2.5 13 W0 .16
6 LAk 5.0 200 4,0 J10 2.5 15 4,0 17
7 «13 5.0 « 20 4,0 « 10 2.5 A5 L0 18
& 1% B A9 4.0 J10 245 15 4.0 « 20
9 13 50 A5 4,0 10 2.5 A2 4.0 15
10 A4 50 13 ko0 09 2.5 W15 Lo .20
x Al <17 .10 .15 «17
5 01 . .0h .005 02 7 02

fean of x's = .15, Standard Deviation of X's = .03,

Copper Dizphragm, Inelastically Mounted, Impacts .32 Inch from Center.

Dianhramm Number

[

R

L2 WA WAL WAL W
L] - - -
COOO O OC OO O0O

Iapact 1 2 3 L 5
Ne.
H L H L H L H L H

1 06 5.0 5 3:5 .11 5.0 .11 5.0 .11
2 L08 5.0 .12 3.5 A4 5,0 10 5.0 ot
3 .10 5.0 .13 3.5 07 5.0 .09 5.0 .10
4 15 5.0 A0 3.5 L0 5.0 11 5.0 « 1¢
5 15 5.0 213 3.5 .08 5.0 .10 5.0 .15
6 L6 5.0 .10 3¢5 11 5.0 09 5.0 oAl
7 10 5.0 .11 3.5 .06 5.0 .0 5.0 «12
& . .10 5.0 J2 0 3.5 11 50 11 5.0 .15
9 L4 5.0 12 3.5 A4 5,0 .12 5.0 .13
10 26 5.0 .10 3.5 .16 5.0 .07 50 .16
X o1 12 .10 .10 oAk
S .03 .02 L0k 01 02

Mean of xts = ,11, Standard Deviation of Xts = ,02,

H indicates maximum pulse height in wvolts, L indicates pulse length in
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Appendix € (continued)

Polyethylene Diaphragm, Elastically Mounted, Impactis at Edge.

Diéohrasm Namber

Impact 1 2 | 3 " 5
No. .
H L H L H L H L H L
1 £ 1.0 1.2 1.0 1.1 1.0 1.5 1.0 o6 .5
2 1.0 1.0 a7 1.0 7 1.0 1.4 1.0 6 «5
3 1.0 100 105 ' 1-0 o? 100 1.6 1-0 u6 t5
L b 1.0 1.2 1.0 1.3 1.0 1.5 1.0 o5 o5
5 15 1-0 102 110 1-6 1.0 1.5 1.0 .5 .5
6 190 1.0 1:5 1.0 1-1" 1-0 1.3 1-0 15 05
7 .5 1.0 1.0 1.0 6 1.0 1.7 1.0 6 «5
& 1.3 1.0 1.7 1.0 1.4 1.0 1.5 1.0 ol o5
9 1.0 1.0 1.0 1,0 7 1.0 1«3 1.0 .5 5
10 1.0 1.0 s 1.0 26 1.0 1.2 1.0 5 .5
X <90 1.35 1.03 145 53
g 23 .26 37 «15 07
Mean of x's = 1,05, Standard Deviation of Xls = .37,
Polyethylene Diaphragm, Inelastically Mounted, Impacfs at Edge.
Dizchracm Number
Impact 1 2 3 L 5
No.
H L H L H L H L H L
1 30 2.0 30 2.0 35 2.0 25 2.0 20 1.0
2 $ 30 2.0 .20 2.0 25 2.0 25 2.0 .15 1.0
3 .30 2.0 20 2.0 .30 2.0 30 2.0 .20 1.0
b 30 2.0 .20 2.0 35 2.0 25 2.0 .20 1.0
5 20 2.0 20 2.0 30 2.0 30 2.0 .20 1.0
6 seh 2.0 20 2.0 A0 2,0 25 2.0 20 1.0
7 #25 20 «15 2.0 L0 0 2.0 20 2.0 20 1.0
& 25 2.0 «5 2.0 35 2.0 20 2.0 .20 1.0
9 w20 2.0 .20 2.0 30 2.0 «25 20 .20 1.0
10 +25 2.0 20 2.0 235 2.0 220 2,0 20 1.0
% .26 .20 V3 .25 .20
] el el 005 Ok 02

Mean of x's = .25, Standard Deviation of x's = ,06.

H indicates maximum pulse.height in volts, L indicates pulse length in msec.



Appendix C (continued)

Aluminum Diaphragm, Elastically Mounted, Impacts at Edge.

Diaphragm Number

Impact 1 : 2 3 4 5
No.
H L H L H L H L H L
1 06 05 n6 05 |8 95 |3 05 .“‘ 1'0
2. o? l5 05 05 nu' 05 02 05 03 1-0
3 6 a5 b 5 W7 +5 2 e 5 3 1.0
L‘; 06 -5 05 '5 -5 l5 -3 -5 '2 1-0
5 08 -5' 05 -5 -L" -5 ¢2 -5 03 1-0
6 o6 -5 ¢5 05 al‘" cs 02 05 03 1.0
7 5 5 o5 o5 .6 o5 .3 o5 o 1.0
8 18 l5 16 15 07 05 .3 -5 03 1.0
9 .6 o5 oA e 5 7 +5 o2 .5 o3 1.0
10 b5 25 W5 W6 .5 3« 3 1.0
x .60 52 .56 25 .31
8 509 ' .06 015 005 -06

Mean of X!s = .45, Standard Deviation of x's = .16,

AMluwainum Diaphragm, Inelastically Mounted, Impacts at Edge.

Diaphragm Number

Impact 1 2 3 L 5
No. .
H i H 1, H L H L H L

1 02 6.0 1,0 1.0 .04 5.0 03 50 .03 3.0
2 03 6.0 1.0 1.0 03 5,0 .03 5.0 .03 3.0
3 .03 6.0 1.3 1.0 O 50,03 5.0 .03 3.0
n 03 6.0 1.3 1.0 03 5.0  L03 5.0 .33 3.0
5 O 6,0 1.2 1.0 .03 50 .03 50 .03 3.0
6 03 6,0 1.4 1.0 04 5,0 ,03 5.0 .03 3,0
7 .03 6.0 1.3 1.0 .03 5,0 03 5,0 03 3,0
3 02 6.0 9 1.0 03 5.0 03 5.0 .03 3.0
9 02 6.0 1.2 1.0 .03 5.0 .02 50 .03 3.0
10 02 6,0 1.4 1.0 04 50 .03 50 .03 3.0
X .02 . 1.20 . .03 .03 .03
s 01 A8 .01 . 00. .00

Mean of X's = .26, Standard of X's = .52.

M indicates maximum pulse heipht in volts, L indicates pulse length in msec.



tppendix C (continued)

Steel Diaphragm, Elastically Mounted, Impacts at Edge.

Daphragm Number

Impact 1 : 2 3 b 5
No.
H L H L R L H L H L
1 06 1.5 .08 1.5 5 2.0 1.5 1.5 1.5 1.5
2 L4 1.5 06 1.5 .20 2.0 Jal 1a5 18 1.5
3 QD 1.5 L8 1.5 .20 2.0 1.5 1.5 168 1.5
4 05 1.5 D08 1.5 15 2.0 1.5 1.5 1.6 1.5
5 08 1.5 10 1.5 .20 2.0 1.5 1.5 1«3 1.5
6 07 1.5 L0 1.5 20 2.0 ie5 1.5 1:5 1.5
e L8 1.5 .10 1.5 20 2.0 1.6 1.5 1% 1+5
& JO0E 1.5 <10 1.5 20 2.0 1.5 1.5 b8 1B
9 08 1.5 A0 1.5 .20 2.0 1o 1.5 1.5 1.5
10 D6 1.5 «30 1.5 +20 2.0 1.5 1.5 1.6 1.5
x .07 .09 .19 1.50 1.57
s 01 <01 02 .05 13
Mean of X's = .68, Standard Deviation of X's = .76,
Steel Diaphragm, Inelastically Mounted, Impacts at Edge.
7 Dizphrapn umber
Impact { 2 3 b 5
No.
H L 1 L H L H L H L
1 05 1.5 L8 2.5 06 1.5 o4 1.5 04 2.0
2 LE 1,5 08 2.5 .05 1.5 .6 1.5 B 20
3 ¢05 1.5 .Db 2.5 .GL[‘ 1!5 né} 105 165 210
4 06  1uS Lo 2.5 L6 1.5 o6 1.5 .07 2.0
5 w05 1.5 O 2.5 W08 145 o7 i1e5 05 2.0
6 07 1.5 08 2.5 05 1.5 .6 1.5 08 2.0
7 D6 fu5 08 245 A5 18 oF 1.5 06 2.0
E 07 1.5 00 245 05 1.5 o8 1.5 L& 29
9 086 1.5 06 2.5 06 145 o7 1.5 O 2.0
10 SO 1,5 L0t 2.5 W06 1.5 .7 1.5 W08 2.0
X .06 068 .05 .66 .06
s .02 .00 «01 .12 «02

Hean of X's = .19, Standard Deviation of X's = «27.

H indicates maximum pulse height in volts, L indicates pulse length in msec,



Appendix € (continued)
Copper Diaphragm, Elastically Mounted, Impacts at Edge.

Diaphragm Number

Impact 1 2 3 4 5
No .
H L H L H L H L H L
1 .35 3.0 .30 2.0 .35 3.0 «30 2.0 «20 2.0
2 L0 3.0 25 2,0 .30 3.0 £330 2.0 .35 2.0
3 «25 340 .25 2.0 3¢ 3.0 30 2.0 .30 2.0
4 35 30 J25 B0 .30 3.0 25 ED .30 2.0
5 A8 3.0 I B0 «0 30 25 2.0 a0 2,0
6 o3 3.0 .25 2.0 30 3.0 30 2.0 «30 2
7 A0 3.0 20 2.0 «35 3.0 £30 0 2,0 <30 2,0
5 035 3-0 020 2'0 -24'0 3-0 -25 200 ¢25 2-0 2
9 35 3.0 30 2.0 30 3.0 25 2.0 30 2.0
10 S50 3.0 +20 2.0 +25 3.0 230 2.0 «36 2.0
% .35 .25 32 . 28 .29
s .05 Ok L0l .03 .04
Mean of x's = .30, Standard Deviation of x's = ,04,
Copper Diaphragm, Inelastically Mounted, Impacts at Edge.
Dizphrarm Number
Impact 1 2 3 4 5
NOO ’ .
H L H L H L H L H L
1 086 6.0 0L 6.0 04 5.0 06 5.0 06 5,0
2 D6 6.0 06 6.0 00 5,0 .05 5.0 06 5.0
3 06 6.0 05 6.0 06 5,0 L0686 5.0 06 5.0
L. D6 6.0 .07 6.0 05 5.0 05 5.0 L7 5.0
5 086 6,0 05 6.0 08 5.0 JB5 50 L7 5,0
6 e 6.0 L,07 6.0 07 5.0 05 5.0 06 5.0
7 08 6.0 06 6,0 06 5.0 05 5.0 L7 5.0
& 07 6,0 W06 6,0 .07 5.0 W0k 50 .05 5.0
9 08 6.0 07 6.0 07 5.0 05 5.0 L07 5.0
10 08 6.0 .07 6.0 06 50 06 5.0 0 L07 5.0
X .08 .06 .06 .05 .06
5 .00 .01 .01 .01 - .01

Mean of x's = .06, Standard Deviation of X's = .01,

H indicates maximum pulse height in volts, L indicates pulse length in msec.



Appendix D

Flow Rate Test

Run No. Sample Time Experimental Counts Actual Counts
: (minutes) Count per Count per
Minute Minute
1 « 50 9393 186786 15041 30082
2 . 50 10656 21312 214550 49100
3 « 50 10458 20916 22410 bh20
4 . P 470 15940 16401 36062
5 ¢ 50 704k AL0L8 10760 21320
6 <50 6643 13666 10147 20294
7 50 5673 11746 £103 16206
8 <50 Lous 9692 613 12826
9 o5 3136 6272 3956 92
10 . 50 2151 4302 2712 5424
11 1.00 2680 2880 3743 3723
12 1.00 2070 2070 2435 235
13 1.00 1204 1204 1614 1614
14 1,00 726 726 856 £58
Pulse Length, 2,0 msec. Trigger Level, .10 volt.
1 1.00 2736 2736 3601 3601
2 1.00 7049 7049 £76% £768
3 1.00 10184 10184 131&8 131¢8
L 1.00 EN7 5 £u75 10622 10622
5 1,00 1009& 10098 13222 13222
6 1.00 DATA REJECTED
7 0 8745 17490 16862 33724
8 1.00 €565 £565 10981 10951
9 1,00 10892 10892 14321 14321
10 1.00 13393 13993 19982 - 19952
11 1.00 7302 7902 9601 9601
12 1.00 9664 9664 12049 12043
13 1.00 5585 5585 6941 6941
14 1.00 3793 3793 762 U762
15 1.00 1721 1724 2260 2260
16 25 3808 15232 5140 20560
17 o25 h607 10426 6746 26948
16 w25 5351 21404 9574 36696
19 25 6092 2h368 13162 52648
20 W25 6345 25320 14e18 59272

Pulse Length, 1.5 msec,

Trigger Level, .10 volt. .
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ABSTRACT

The purpose of this thesis was to design a trensducer that
could monitor combine grain loss. Cylinder or unthreshed grain
loss was of particular interest, Based on findings by Zaidi,
it was decided to predict cylinder loss by measuring the ratio
of the amount of grain threshed at two different positions on
the combine concave,

Pirst an attempt was made to measure the amouﬁt of grain
threshed by weighing it continuously with a cantelever beam
device, Calculations showed the device would be susceptible to
machine vibration, so it was dropped. Attention was then directed
to counting the kernels individually as they struck a diaphrzagm.

Design of the impesct counting transducer procceded in two
steps. PFirst, various diaphragm materials were tested by dropping
individual lead shot on the transducer. Polyethylene was selected
as the material producing the bhest combination of amplitude,
short pulse length, and least pulse attenuation as ithe impacts
moved from the center of the transducer. The second step involved
subjecting the counter to variocus flow rates of wheat. The kernels
were caught as they bounced off the dizphragm and were then
recounted to determine the actual flow rate, The results were
plotted and equations developed to predict actual rate from the
transducer output, o

The counter was capable of counting at epproxinmately five
times the design rate, and was insensitive to vibration when
equipped with the right transducer. It was sealed to prevent
damage by dust and moisture, and was small enough not to obstruct

operation of the machine,



