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ABSTRACT

HIGH SPEED PRECISION CENTRIFUGAL
SEED PLANTING

by Amir U. Khan

Horizontal plate planters are widely used for
mechanical seed planting. The capacity of such planters
to accurately plant at high speeds is limited. The Farm
Machinery Industry is keenly interested in new concepts
to solve the high speed seed planting problem.

This research was conducted to study the feasibility
of a new centrifugal concept which was proposed by the
author for high speed precision planting. The main
principles utilized in the new concept were:

1. The time of seed-cell exposure could be con-

trolled by rotating the seeds with the cells
at a known differential speed.

2. The force to move the seeds into the cells

could be increased by using centrifugal force.

3. The delivery and placement of seeds could be

achieved by high speed ejection of seeds to
permit embedding in the furrow.

An experimental laboratory machine was developed to
meter corn seeds. Tests were conducted to establish seed
metering accuracy and the amount of seed damage at metering

speeds of 400 to 1100 seeds per minute.
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Results indicated that the centrifugal concept was
not only practical up to speeds of 1100 cells per minute,
but offered potential for further increase in metering
speeds. The metering accuracy of this machine increased
with high speeds, a performance completely opposite to
that of conventional planters.

Seed damage in the machine was comparable to con-
ventional planters for each metering speed. Impact of
ejected seeds on steel plate at ejection velocities of up
to 2,750 feet per minute did not exhibit any significant
effect on germination. The study proved that a machine
utilizing the centrifugal concept was feasible for high

speed precision seed planting.
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I. INTRODUCTION

During the past two decades, considerable progress
has been made in agricultural machines. Increased farm
size and labor costs have dictated larger agricultural
equipment to operate at higher speeds. Improvement in
high speed planters has followed this general trend but
with limited success. In addition to higher planting
travel speeds, precise seed metering and seed placement
have been desired. The term "Precision Planting" has
been widely used and means the accurate, even spaced in-
row placement of seeds at uniform depths. In corn, however,
some authorities (15) feel that the control of per acre
plant population is more important than the precise place-
ment of seeds.

The need of precision planting arose in the interest
of larger yields, high speed tractor operations and
reduced labor requirements. To a corn grower, precision
planting meant higher yields and faster planting opera-
tions. To a vegetable and beet grower, precision planting
meant lower seed costs and the elimination of labor for
thinning operations.

The accurate placement of seeds at high plant popula-
tion and high planting speeds has been a difficult problem.

Barmington (5) wrote:






Since we are dealing with a seed that is not
uniform in size, shape or density, it 1is difficult
to imagine a mechanical device flexible enough to
plant non-uniform particles in a strictly uniform
pattern.

The common machines used for planting are the cell
plate planters. The plates may be mounted horizontal,
vertical or inclined at some angle. By far the most popu-
lar is the horizontal plate planter. The basic elements
of a horizontal plate planter were conceived and developed
during the nineteenth century (7). The first patent on
corn planter was granted in 1799 to Eliakim Spooner in
Vermont (6). Two row horse-drawn planter patents were
issued in 1839.

The principle of operation of the cell planters is
basically the same. Seed cells in a plate or a belt move
into or by the seed hopper for a certain period of time.
Seeds fill the cells by gravity and pass under a cut-off
mechanism. This mechanism restricts all other seeds,
except the one in the cell, from passing under. The seed
is then discharged by gravity or mechanically into a seed
tube placed under the cut-off for delivery to the furrow.

Records indicate that research efforts in the past
have been mostly directed towards the improvement and modi-
fication of existing planters. Less attention has been
paid toward development of new methods and concepts. Sub—
stantial work has been done in matching the geometry of

the seed and the metering elements of a planter and in

adapting it for different seeds. Attention in recent years
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has been focused on incorporating devices for ancillary
planting operations such as fertilizer and herbicide
applicators and developing devices such as rotary valves
for zero relative velocity seed placement. The basic seed
metering mechanism, however, has remained unchanged.

A few new concepts for planters have been tried in
recent years but were not able to achieve an appreciable
degree of success. Notable among these are, the belt
planters (24, 26), the vacuum planters (8, 10, 13, 18, 21,

27, 28), the tape planters (16, 19) and the vibratory

planters (9).

Basis of the Problem

It has been evident for some years that the conven-
tional horizontal plate planters have failed to meet the
operational characteristics 1In terms of planting speeds,
seed metering and placement performance. Higher plant
population, made possible due to recent advances in
fertilizer application and other culturel practices, has
further aggravated the problem. Plant population in corn
has increased three to four times during the last ten
years (17). Research workers are already speaking of
future corn population of 30 to 40,000 plants per acre.
It is generally considered that 15 to 20% of seeds are
lost due to poor germination. The planter must plant

excess seeds to offset this loss.






General Objectives

In view of the past history of the horizontal plate
planter and the numerous attempts which have been under-
taken to improve its performance, 1t was felt that this
study should only concentrate on radically new approaches
to planting. The initial objective was to analyze the
seed metering and seed placement operations of the hori-
zontal plate planters and to locate the critical factors
which control these operations. Unconventional solutilons
of the problems associated with these factors were the
final objectives of the study. It was felt that conven-
tional solutions could only result in marginal improvement
and may not meet the desired operational characteristics.

In order to reduce the number of variables in the
study, it was decided to use only one kind and variety of
seed. Hybrid corn (Medium Flat Chester KV 35A) was
selected as it is one of the most popular variety of
corn which is mechanically planted in the major corn grow-
ing regions of the United States. Medium flat seeds are
considered to be among the difficult seeds for precise

metering.
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IT. REVIEW OF LITERATURE

Literature relating specifically to corn planting is
scarce. In recent years very little work has been done by
public research institutions on corn planters. Research
in industry has been primarily aimed toward specific
improvements of the various makes of planters. This
research was of a limited interest and did not result in
any important publications.

There is, however, enough material relating to plant-
ing problems of other crops, which in many ways parallel
the corn planting problems. A survey of literature on
seed metering indicated the various factors which influence
the metering accuracy.

Roth and Potterfield (25) 1list the following twelve
factors:

Relative size of seed and cell.

Relative shape of seed and cell.
Orientation of seed to cell.

Relative speed of seed to cell.

Distance cell travels when exposed to seed.
Time interval during which cell is exposed.
Type of cut-off and knockout.

Depth of seed above plate.

. General shape of seed.

10, Variations in seed size and shape.

11. Seed surface characteristics.
12. Density of seed.

O 0O~ WUl &HWw -

Bainer (3) suggested the following additional factor:

13. Cell wall taper.






Autry et al. (2) and Johonson (20) added:

14, Peripheral plate speed.
15. Number of cells in the plate.

Seed placement accuracy is dependent not only on the
metering accuracy but also on the ejection of the seed from
the cell, conveyance of the seed through the tube and the
placement in the furrow. Some of the factors which
influence the placement accuracy are:

Metering accuracy.

. Knockout pawl operation and its location with
respect to the seedtube opening.

Cell wall taper.

Seed tube section size and shape.

Length of seed tube.

Furrow opener shape.

Design of covering devices.

Speed of planting.

N H
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Seed Metering

A detailed study of the literature associated with
seed metering indicated that relative seed-cell velocity
has a decisive influence on cell fill. It has been
established by numerous studies that seed metering per-
formance drops when relative seed-cell velocity is
increased.

Bainer (3) in his study with sugar beet seeds indi-
cated that plate speed effects cell fill in both the
vertical and the horizontal plate planters. According to
his study, a speed increase of 200% results in only a 141%
increase in the seeding rate.

Autry and Schroeder (2) stated that slow plate speed

(below 30 fpm) results in highest accuracy and a higher
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mean cell fill. They also indicated that metering accuracy
was affected less by change in number of cells per plate
than by speed changes, consequently, rates should be

varied whenever possible by plate changes rather than by
plate speed changes.

Johonson and Teal (20) indicated that both the inclined
and the horizontal plate planters exhiblt a detrimental
effect on cell fill efficiency when speed 1is increased.
However, there was no significant difference between the
inclined and horizontal plate performance.

Futral and Allen (12) in their study on peanut planters
found that plates in inclined plate planters were rotating
so fast that seeds were frequently carried past the drop-
out opening and thus affected the metering accuracy.

Barmington (4) in his study with sugar beet planters
indicated that the per cent of cell fill reduced with
increased cell speed and most planters exhibited minimum
seed damage at a speed which gave 100% or slightly 1less
than 100% cell fill.

Roth and Potterfield (25) stated that beyond a cer-
tain speed, an increase in plate speed was accompanied by
a decrease in cell fill. They found that for a given time
of cell-seed exposure, better cell fill resulted with a
short exposure distance and slow cell speed.

Andrews (1) concluded that speed of planting and
kernel size are the two main factors effecting the meter-

ing accuracy of corn planters.
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In 1960 Gill (14) studied planting rates of corn at
different planting travel speeds. Hls results are given
below:

Per Cent Metering Accuracy

Planter Setting at Planting Travel Speed
Plants / Acre

3 mph. 5 mph. 7 mph.
12000 106 102 96
16000 103 98 76
20000 101 90 69

He also studied the per cent seed dropped at dif-

ferent plate speeds and found the following results:

Plate RPM % Seed Dropped
15.5 106
20.0 103
25.4 101
34.6 98
42.3 90
ug.6 76
60.6 69

These results indicate that high plant population
and high planting speeds, conditions generally encountered
in current agricultural practices, have an inverse effect
on metering accuracy.

Many research studies have established that 33
revolutions per minute of standard 16 cell plate results
in optimum cell fill. This is equivalent to 528 cells per

minute or about 62 feet per minute of plate peripheral






velocity. Brandt (6) however, places this limit at 45 rpm
(720 cells per minute) or about 90 feet per minute of plate
peripheral velocity. This discrepancy and a few other
opposing claims in research publications raised doubts about
the correct cell velocity for optimum cell fill. It was
therefore decided to conduct laboratory tests on a few
popular makes of horizontal plate planters with 16, 20

and 24 cell plates and to establish the effect of plate

speed and number of cells on metering accuracy.

Seed Delivery and Placement

Morton and Buchele (23) concluded that bouncing and
walking action of the seed during fall was responsible for
non-uniform seed placement. They found that when the seed
hits the ground it scattered in an area of 4 inches due to
bounce. Decreasing the length of the seed drop increased
the accuracy of seed spacing. Larsen (22) also mentioned
bounce in long seed tube as a factor influencing placement
accuracy.

Evers (11) in his studies with sugar beet planters
indicated that increased planting travel speed has an
adverse effect on seed placement. Speed effects seed
placement both before and after delivery in the furrow.

He stated:
This number of seed displacement before delivery
shows that with an advance of 0.75 m/s and a drop
of 40 mm and in spite of a regular cell sequence,
37% of all seeds have already before delivery

suffered a disturbance of their sequence and do
not reach the ground at the theoretical interval.






10

When the speed is doubled, this figure rises
to 50%, so at this speed half the seeds are
not hitting the ground at the correct interval.
His study with rolling and shoe coulters exhibited
a severe rolling and bouncing movement of the seed in the
furrow after the delilvery of the seed. A wedge coulter
exhibited reduced seed roll and bounce. He found the

following results on his studies associated with the roll-

ing of seed in different type of furrows.

Per Cent of Seeds Affected by Rolling
at Forward Speed

Coulter Type . 0.75m/s 1.00m/s 1.25m/s  1.50m/s
Roller 60.9 62.5 67.1 67.3
Shoe 45 .7 48 .8 57.6 58.1
Wedge 13.5 20.1 21.1 23.2

Thus the speed of travel and the type of furrow
openers effect the placement accuracy even after the
delivery of the seed to the furrow.

Autry and Schroeder (2) studied the dispersion of
seed and found that it was a function of longitudinal cell
dimension (or cell shape), plate speed, location of knock-
out pawl and ground speed of planter. They also found
that the seed tube caused considerable seed scatter and
demonstrated with experiments that a tube confirming to

the parabolic path of a falling seed showed less dispersion.
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They concluded that height of fall has little or no effect
on seed dispersion unless there is interference in the seed

tube.






ITI. ANALYSIS OF PLANTING OPERATION

The planting operation consists of two steps, seed

metering and seed placement.

Seed Metering

Seed metering is the process of singling of seeds
from a bulk supply. The filling of a seed in a cell and
the ejection comprises the process of metering in a planter
utilizing the cell concept.

A velocity and force analysis of a seed as it starts
to enter the cell is essential to understand the cell fill
operation. Figure 1 shows a seed as it starts to move
into the cell and the velocity vector diagram in a hori-
zontal plate planter.

The resultant seed velocity Vsr is due to the velocities
caused by the acceleration of gravity (VSV), friction between
seed and seed plate (Vsh) and by the impact of the seed on

the edge or walls of the cells VSi

The relative seed-cell velocity (VS/C) is the vector sum
of the resultant seed velocity (Vsr) and the cell velocity
(v,)

12






13

V_.
si
' Véh
Y oy =
N 4
sV
Vc
o ~
Br v
st s/c¢
\
Vsh Vsi
st = Vertical Seed Velocity
Vsh = Horizontal Seed Velocity
V_. = Seed Velocity imparted due to impact with
si
edge of cell
Vsr = Resultant Seed Velocity
v, = Cell Velocity (horizontal only)
Vs/c = Relative Seed Cell Velocity
Vs/cv = Vertical Component of Vs/c
Vs/ch = Horizontal Component of Vs/c

Figure 1l.--Velocity diagram of seed during
cell fill.







Vs/c = Vsp e Ve -~ - - - - -- (2)

The relative seed-cell velocity is composed of the

vertical (Vs/cv) and horizontal (VS/Ch) components.

Ideal cell fill would occur when the vertical com-
ponent of the relative seed-cell velocity (Vs/cv) is maximum
in magnitude, since it 1s the velocity along the direction
of possible seed movement, with respect to the cell.

This condition can be achieved when the horizontal com-
ponent of the relative seed-cell velocity (Vs/ch) is zero.
In practice, however, a cell must be exposed to a fresh
seed after each seed delivery to avoid cell starvation.

It is therefore necessary to maintain some horizontal
relative seed cell velocity (VS/Ch) for satisfactory seed
metering.

It seems obvious that to achieve high cell fill, 1t
is essential to maximize the vertical component of the

relative seed-cell Gelocity (Vv v). It is also necessary

s/c
to control the horizontal component of the seed-cell

relative velocity (Vs/ch) close to a value which is suffi-
cient to maintain constant fresh seed exposure but not too
large to unduly reduce seed-cell exposure time. These two

objectives have been the fundamental basis for the improve-

ment of seed metering accuracy in this study.
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Figure 2 shows a force diagram of an ideal round
seed 1in contact with the horizontal seed plate in between
the cells and exactly on top of a cell, in a vertical

tangential plane.

(a) Between cells (b) On top of cell
W W
___9.VS
//\ /“K\ s —
N\
( ) ) ! )
\ o N |\
|/ ) / )
\ // \ /
{ r
_— >

N Ve Ve

W = Weight forces due to the seed and the column

of seeds on top
FfV= Resultant vertical friction retarding force
Fh = Resultant horizontal force
F

p = Frictional force between seed and seed plate
and between seeds

Figure 2.--Forces on an ideal seed in contact with
seed plate.
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The resultant vertical force F, which helps to propel
a seed into the cell, is the sum of the vertical forces on

the seed.

Very little is known about the resultant vertical retarding

force F v except that it 1s affected by the coefficient of

f
friction between seeds, coefficient of friction between
seed and internal surfaces of the hopper and by the amount
of seed in the hopper.

Newton's law of motion states

in which F is the accelerating force in pounds, W is the
weight of the mass being accelerated in pounds, a is the
acceleration of the mass in feet per second squared and g
is the gravitational constant. Substituting equation 5

in 4 we get

in which aV is the acceleration of the seed in the vertical
direction and m is the mass of the seed.

Even 1f it i1s assumed that F is very small, the

f'v
resultant maximum vertical acceleration av available to
the seed in a conventional planter will always be less than

the gravitational acceleration.
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The seed must fall through a distance of approximately
half its diameter before it can be securely lodged in a cell.
The seed cell exposure time required for a seed to drop this
distance into a cell, is dependent on the resultant yertical
acceleration (av) which in a conventional planter is always
less than 32 ft/secg. Therefore in a gravity dependent cell
type seed metering machine, there is always a minimum
theoretical time of seed-cell exposure below which no cell
fill can occur.

Significant improvement in cell fill can be achieved
if the seed could be subjected to higher than gravitational
acceleration along the direction of the seed movement into
the cell, Compressed air, impact and centrifugal force
are some of the possible means to achieve high acceleration.
A careful study indicates that the use of centrifugal force
would be most practical. Centrifugal force increases in
proportion to the square of the angular velocity and can
provide increasing force at the higher planting speeds.

The mechanism used in this study utilized centrifugal force
for cell fill.

Very little 1is known about the horizontal relative
seed-cell velocity (VS/Ch) which also plays a significant
part in the cell-fill operation. Experimental studies
indicate that a 62 fpm cell velocity results in an optimum
cell fill in horizontal plate planters. The horizontal
seed velocity (Vsh) of seeds in contact with or in the

immediate vicinity of the plate, is not well known. High
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planting speeds result in high cell speed (Vec) and reduced
seed-cell exposure time. This is one of the major causes
for the poor seed metering performance assoclated with
conventional planters at high planting travel speeds.

It seems logical that the seed-cell exposure time
could be successfully controlled by rotating both the seed
in the hopper and the cell plate in the same direction at
a desired speed differential. While such a control is not
possible with existing planter designs, it 1s conceivable
that conventional planters could be redesigned to incor-
porate this feature. The speed differential can maintain

the relative seed-cell velocity at a level which would

provide sufficient seed-cell exposure time for optimum cell

fill at any seed metering speeds.

Rotating the hopper is one possibility but it would
consume considerable power. It may also create problems
due to the presence of a stationary cut-off inside a
rotating hopper full of seeds. The mechanism used 1in this
study achileved a controlled relative seed-cell velocity by
rotating only a small quantity of seeds with the cells

without rotating the hopper.

Seed Delivery and Placement

The operation of cell emptying, in a conventional
horizontal plate planter, has been photographed and
studied in slow motion. It 1is observed that, when the

knock out pawl is properly located in relation to the
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seed delivery tube, the seeds fall by gravity and do not
require assistance from the knock out pawl. Only seeds
with an interferance fit in the cells are ejected with the
help of an impact from the knock out pawl. If the force
avallable for seed ejection is high, the knock out pawl
can be eliminated. High ejection force can be developed
by subjecting the seed in the cell to an acceleration
greater than that of gravity. The experimental machine
utilizes this means for seed ejection. Due to the varying
contact surfaces between the knock out pawl and each seed,
the direction of ejection is not uniform in a conventional
planter. It is presumed that the seed ejected with the
help of the knock out pawl strikes the inside walls of the
seed delivery tube and descends the tube with a motion
involving richochet and whirring. The seeds which fall on
their own, by gravity, are also thrown against the seed
tube walls because of the horizontal seed and cell velocity.
The interference from the tube, results in a non-uniform
transfer of seed to the ground and causes uneven in-row
spacing. It is not possible to develop a seed tube which
would conform to free fall trajectories of all the different
kinds of seeds at different planting speeds. One approach
to eliminate the tube interference problem is to eject
seeds from the cell at high initial velocity to almost
instantaneously transfer the seed to the ground along a

straight path.
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Disregarding air resistance, the time required for
a seed to fall from a cell to the ground under free fall

conditions can be calculated by the equation:

2

S =1/2 gt~ + Vot --------- (7)
S = distance of vertical seed fall
t = time 1in seconds
g = gravitational acceleration
VO = initial vertical seed velocity

In a horizontal plate planter, the initial vertical
seed velocity is zero. If the seed is ejected with high
initial velocity, the time required for seed delilvery
can be substantially reduced. The high velocity seed
delivery would eliminate the need for a seed tube and the
problems associated with it. It would also permit the
embedding of a seed in the furrow and eliminate the seed
bounce and roll problems encountered with conventional

planters.

Centrifugal Planting Concept

From the analysis presented earlier in this chapter,
it seems evident that a centrifugally dependent seed
metering and placement mechanism would solve most of the
problems encountered with conventional planters. Such a
mechanism would utilize the following three principles:

1. Control of the seed-cell exposure time can

be achieved by rotating both the seed and cell

at a desired velocity differential.
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2. Improved cell fill at high planting speeds can
be achieved by subjecting the seeds to higher
than gravitational acceleration along the
direction of éeed movement into the cell.

3. Almost instantaneous seed delivery and placement
in the furrow by high velocity ejection can
improve seed placement accuracy.

Based on the above three principles, the author was
able to develop a laboratory seed metering machine (Figures
3 and 4). It‘takes in, an unmetered flow of seeds from a
hopper, spins, meters and ejects the seeds in the desired
direction with the help of centrifugal force.

It consists of a circular seed chamber rotating in a
vertical plane with a cell=ring and metering-ring around
its periphery. Unmetered seeds enter the rotating chamber
through an axial opening and start to rotate with the
chamber. Centrifugal force distributes the seeds in the
chamber and aids the seeds to fill the cells in the cell—
ring which forms the peripheral wall of the seed chamber.
The cell-ring can be set to rotate at any desired velocity
differential with the seed-chamber. The metering-ring has
a single metering slot and rotates concentric to the cell-
ring. The metering-ring and cell-ring drive ratio permits
the alignment of the metering slot with a subsequent cell
on each revolution of the metering—ring. The seed in the
cell transfers to the metering slot during alignment. A

stationary shield holds the seed in the metering slot until
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Figure 3.--Centrifugal seed metering maching set up for seed
metering test.
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the ejection point 1s reached. The seed is thus ejected
in the desired direction at a velocity which is equal to
the peripheral velocity of the metering slot.

The seeds rotating in the seed-chamber are subjected

to a non-rectilinear acceleration (a) which is:

in which V is the absolute speed of the accelerated mass
in feet per second and r is the radius of rotation in feet.
Substituting this value for the acceleration into Newton's
Motion equation, equation 5, the equation for centrifugal
force is obtained in which w is the angular velocity of

the seed-chamber and W is the weight of the seed.

F=(=)rw - - = = = = = = = (9)

Since the seed-chamber rotates in a vertical plane
the seeds are also subjected to a gravitational accelera-
tion (g Sin 6) where 6 is the angle the cell makes with the
positive horizontal axis. The force available for cell
£ill (Fr) is:

2

Fo= (Mypw® - WSin 6 - - - - - - (10)

r g

As the speed of the machine increases, the gravita-
tional contribution to the force Fr becomes less and less
significant. The centrifugal contribution to the force Fr
increases at a faster pace than the speed of the machine.
This offers the possibility of improved cell fill due to

higher cell fill force at increased planting speeds.
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Since the seed is ejected at the peripheral velocity
of the metering slot, the kinetic energy (KE) of the

ejected seed is:

2
KE = 1/2 mV° = % ________ (11)

This is an expression for the kinetic energy which
must be dissipated before the seed becomes static. When
the seed strikes an object or the ground, the energy of

rebound (T) becomes:

in which Eg is the coefficient of restitution of the seed

and the work (Q) by the seed becomes:

Ideally, it would be desirable to have the ground
or the impacted surface such that would make Eg zero and
absorb all the seeds' kinetic energy. This would be
ideal from the standpoint of seed damage. It is, however,
possible that the seed may strike a stone or any other hard
object which may damage the seed. It was, therefore, nec-
essary to study seed damage by impacting the seeds on a

steel surface at different ejection velocities.






IV. SPECIFIC RESEARCH OBJECTIVES

The specific objectives of the research were:

1. To establish seed metering performance of con-
ventional 16, 20, 26 cell edge drop horizontal plate
planters as a yardstick to compare with experimental
planter performance.

2. To design and develop a laboratory seed metering
and placement mechanism utilizing the centrifugal concept
and incorporating the three principles stated in Chapter
ITT.

3. To conduct seed metering accuracy tests at meter-
ing speeds of 400 to 1100 cells per minute. The 1100 c.p.m.
metering speed provides a planting travel speed of 7 mph
when planting in 40 inch rows for a population of 22,400
seeds per acre.

4, To conduct germination tests on seeds ejected
from the experimental machine at velocities of up to 3500
feet per minute and collected in cloth chutes to avoid
any impact. These tests were to provide information on
the extent of seed damage within the machine.

5. To conduct germination tests on seeds ejected
from the experimental machine at velocities of up to 3500
feet per minute and impacted on a steel surface placed at

a distance of 18 inches from the point of seed ejection.
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These tests were to provide information on the extent of
maximum possible seed damage that could occur during seed
placement in the furrow.

6. To evaluate comparative performance of the
experimental machine with conventional planters.

7. To suggest guide lines for further research and
for the adaptation of the centrifugal concept to a field

machine.
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V. RESEARCH EQUIPMENT AND TECHNIQUES

Only one kind of corn, medium flat (Chester KV 35A)
was used in the entire study to reduce the number of
variables. Performance tests on conventional planters were
conducted on test stands at the Engineering Laboratories
of The Ford Tractor Division, Birmingham, Michigan, during
the author's employment with the Company.

The first part of the study at Michigan State
University was concerned with the design and development
of an experimental machine utilizing the centrifugal con-
cept (Figures 3 and 4). Considerable time was spent on
this phase because of the numerous problems encountered
before satisfactory operation‘was'achieved.

Transparent plexiglass materials were widely used in
making the metering unit of the experimental machine to
permit photographing of seeds inside the mechanism during
operation. Strobe lights and high speed movies, photo-
graphed at 5,000 frames per second, were used to study the
machine operation. These techniques were useful in study-
ing the cut-off performance, the distribution and movement
of seed 1in the chamber, the transfer of seed from the cell
to the metering slot and the ejection path of the seed.
This information was instrumental in improving the per-

formance of the machine.
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Figure 4.--Centrifugal seed metering machine set up for
seed damage test.
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Tests with the experimental machine were primarily
conducted to establish the metering accuracy and seed

damage at various seed metering speeds and impact conditions.

Experimental Mechanism

Figure 5 shows the schematic arrangement of the
experimental seed metering machine. The seed metering head
with the drive arrangement is illustrated in Figures 6, 7,
8, and 9. There were three separate driven members in the
seed metering head, seed chamber, cell-ring and metering-
ring. The drive to the three members was taken from a stub
shaft which was driven by a 1/4 HP electric motor through
an infinitely variable hydraulic transmission. The speed
of the metering unit could be varied between 0 to 1600
revolutions per minute. The seed-chamber was driven from
a stub shaft through a variable speed V belt drive which
permitted differential drive between the cell-ring and the
seed-chamber.

Figure 10 shows a close up of the seed metering unit
in operation with the seed hopper and seed passage removed.
Figures 11 and 12 are the end and side view assembly draw-
ings of the seed metering head. The construction and
operational details of the seed metering hé&ad are described
as follows with reference to the assembly drawings (Figures

11 and 12).
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Figure 6.--Centrifugal seed metering machine showing the
metering head.

Figure T.--Centrifugal seed metering machine showing
drive arrangement.



Figure 8.--Seed metering head at impending metering
slot and cell alignment

Figure 9.--Seed metering head at complete metering
slot and cell alignment.
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ad during operation.

he

Figure 10.--Seed metering
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Construction Details

Seed Hopper

It was a sheet metal box with three sloping and one
vertical wall. The bottom of the hopper was slightly
furrowed, with the furrow ending into a passage tube which
conveyed the seeds to the seed metering mechanism. The
hopper served as a storage for the seeds and was mounted
on a hinge for easy access to the seed metering unit.
Seeds flowed into the metering head at an unmetered rate

by gravity.

Seed-Chamber Drive Axle Sleeve

It consisted of a hollow member which was rigidly
fixed at one end to the drive shaft. The other end had a
bell shaped housing which formed the primary seed-chamber
(B). The bell shaped primary seed-chamber had three periph-
eral openings (C) and a 1 5/16 inch diameter axial opening.
The seeds entered the axial opening of the primary chamber
(B) through the seed passage from the hopper. The seeds
left the primary chamber through the three peripheral
openings (C). A circular plate which formed the inner
wall of the secondary seed-chamber (F) was mounted to a
flange on the seed-chamber drive axle sleeve. This circular
plate was shaped at its periphery to guide the seeds towards

the cells,
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Feed Control Baffle

This baffle (Figures 12 and 13) was mounted on the
bell end of the Seed-Chamber Drive Axle Sleeve and formed
a passage (D) to the secondary seed-chamber (F). The seeds
entered the secondary seed-chamber (F) at its periphery.
The Feed Control Baffle rotated with the Seed-Chamber Drive
Axle Sleeve, and controlled the amount of seed in the

secondary seed-chamber during the machines operation.

Cell-Ring

It was a 8 1/2 inch circular (outer diameter) ring
machined from a 1/2 inch thick wall plastic tube to a shape
as shown in the section view. SiXteen edge drop cells
were machined on one side Qf the cell-ring. Sixteen cells
were selected for better performance evaluation since the
same number of cells are popularly used in conventional
corn planters. The cell dimensions for the Chesters KV 35A
medium flat hybird corn were, length 40/64 inch, width 14/64
inch, and depth 20/64 inch. These dimensions were very
similar to the ones used during the tests on conventional
planters (Table 1). A slope on the inside surface of the
cell-ring was machined to guide the seeds into the cells.
The shape of the cells were similar to those used during
the tests on conventional planters. The cell-ring was
fitted to the Cell-Ring Drive Sleeve with a flat circular
plate. The relative drive between the cell-ring and the

seed~chamber was variable.
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Figure 13.--Feed control baffle assembly.

Figure 14,--Seed pressure relieving baffles.
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TABLE 1.--Plate, cell and seed dimensions.

OQJ_

Jeb

Plate
Diameter L W T

Conventional Planter

(A) 16 cell plate 7.00" 43/64"  19/64" 14/64"
Conventional Planter

(B) 20 cell plate 7.30" Lo,/64"  20/64" 19/64"
Conventional Planter

(C) 24 cell plate 7.00"  43/64" 19/64"™ 1h/64"
Experimental Centrifugal

Planter 16 cell-ring hoseu"  20/64™ 1hL/64M

Dimensions from 200 Measured Seeds

Minimum Seed Dimensions 31/64" 19/64" 11/64"

Maximum Seed Dimensions Loseum  23/64"  14/64"

Seed Company graded this corn through 22/64" round hole
screen and over 19/64" round hole screen for width, through
13-1/2 / 64" slot and over 12-1/2 / 64" slot for thickness.
Length sizing was by separation of shorter kernels by means
of a 26/64" indent cylinder.

Metering-Ring

It was a 9-1/2 inch outer diameter circular ring
machined from a 1/2 inch thick wall plastic tube and
mounted to the drive sleeve with a circular plate. The
inside diameter of the metering-ring was slightly larger

than the outside diameter of the cell-ring. This permitted
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concentric relative rotation between the two. The metering-
ring had a single seed metering slot, placed axially in

the same position as the cells in the cell-ring. Rotating
the metering-ring with respect to the cell-ring permitted
the alignment of the meﬁering slot with any desired cell.
The two rings were driven at a positive ratio, such that

the metering slot aligned with a subsequent cell on every
revolution of the metering-ring. Further, the drive was

so timed that the alignment occurred at a position which
permitted complete transfer of the seeds from the cell to

the metering slot before reaching the ejection point.

Cut-0ff

This consisted of a sheet metal housing with a leaf
spring and a cut-off pawl tip. The cut-off pawl was formed
by mounting a cut-off pawl tip to the leaf spring (Figure
15). The cut-off was mounted to the metering-ring at a
position coincident with the metering slot. The cut-off
tip rode on the inside of the cell (Figure 16) and wiped
excess seeds from entering the cut-off housing area during
the operation. This arrangement permitted the transfer of
the seed within the cell to the metering slot and blocked
additional seed from transferring. No knock out pawl was

used with the cut-off pawl.

Seed Ejection Shield

It consisted of a shield, formed from a flat plastic

material, around the metering-ring. It was similar in
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Figure 15.--A few of the cut-offs used in the study.
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shape to a centrifugal blower housing. The shield retained
the seeds in the metering slot until the ejection point
was reached. This permitted the ejection of the seeds in

a uniform specific direction.

Operational Details

The seeds stored in the seed hopper (A) were trans-
ferred by gravity through a seed passage connected to the
axlal opening in the rotating primary seed-chamber (B).

The seeds entered the primary seed-chamber at almost its
rotational axis and were subjected to minimum impact and

low acceleration. During the operation of the machine, a
zone, Jjust outside of the primary seed-chamber axial
opening, was observed which contained seeds in the process
of acceleration. Non-rotating seeds from the hopper entered
this zone and were gradually accelerated to the speed of

the primary seed-chamber. The radius of rotation was small
and the transition of seeds from a relatively static to a
rotating condition was gradual.

Once the seeds had acquired the angular velocity of
the primary seed-chamber, centrifugal force distributed the
seeds around the periphery inside the primary seed-chamber.
The inside surface of the primary seed-chamber was inclined
toward the three peripheral openings (C). Centrifugal force
pushed the seeds on the sloping surface and moved the seeds
to the three openings (C). The seeds were then transferred

into the seed passage (D).
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As the seeds moved outward from the axis of rotation,
they were subjected to an increased radial acceleration.
The seeds entered the secondary seed-chamber (F) around its
periphery through the restricted passage (E).

This method of feeding seeds into the secondary seed-
chamber was used to regulate the quantity of seeds in the
chamber during operation. Centrifugal force acted on the
seeds in the passage and in the secondary seed-chamber.

The pressures in the two areas were balanced through the
connecting passage (E). When some seeds were metered out
of the secondary seed-chamber, pressure in that area was
reduced. This permitted flow of additional seeds through
the passage (E) until pressure was again equalized. In
practice, since the metering of seed was continuous, flow
of seed through passage E was also assumed to be continuous.

This method of controlling seed flow was successful
in maintaining a partly empty secondary seed-chamber during
the operation. A fully packed secondary seed-chamber
resulted in high centrifugally induced pressures and high seed
damage. A partially loaded secondary seed-chamber per-
mitted a free movement of seeds within the chamber and
this facilitated cell fill. The seeds in the chamber (F)
were distributed around the periphery and filled the cells
in the cell-ring.

The metering-ring with its single metering slot and
cut-off, rotated with a drive ratio of 16/15: 1 with the

16 cell cell-ring. The metering slot aligned with the
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leading cell on each revolution of the metering-ring. The
seed from the cell was transferred to the metering slot
during the alignment. The eut-off restricted the seeds

in the secondary chamber from transferring through during
the cell-slot alignment.

The seed ejection shield retained the seed in the
metering slot. The seed was earried around in the metering
slbt until the ejection point was .reached where 1t was
ejected out of the machine in a speeifie direction. Thus
for every revolution of the metering-ring, a new seed was
ftransferred from the subsequent leading cell and was guided
around for ejection along a specifie.path.

The number of cells in the cell-ring controlled the
drive ratio between the cell-ring and the metering-ring.
On each revolution the metering-ring advanced éith respect
to the eell-ring to accept a fresh seed from the leading
cell. The alignment of the metering slot and the cell
occurred suffieciently in advance of the ejeetion point,
and permitted enough time for complete transfer of seeds
from the cell to the slot. Sueh a timing resulted in a
uni-directional ejection from the machine.

The seed metering sequenee is shown in Figure 17
with the help of four sequenee photographs. The direction
of rotation of the seed-chamber, cell-ring and metering-
ring. 1s clockwilse. In Figure 17a, the cut-eoff is shown
in the 5 o'clock position. It is shown in the process of
restricting the excess seed from passing under the cut-off

housing.
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Figure 17.--Seed metering sequence.
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Figure 17b shows the cut-off at abeout the 8 o'clock
position. The seed lodged within the cell is completely
under the knock out pawl. The:trailing edge of the cell
is almost in line with the leading edge of the metering
slot. This is the position of impending.alignment.

Figure 17c shows .the complete alignment of the cell
and the metering slot. The seed has.just. transferred to
the metering slot and is being guided around by the
ejection shield.

Figure 17d shows. the seed.in the metering. sloet ready
to eject out of the mechanism. The metering slot is
proceeding ahead of the..cell to start.the eycle again with
the next leading cell.

High speed movies and observation with strobe lights
indicated that the actual transfer of seeds. between the
cell and metering slot did net oecur at one specific spot
but occurred over a small region. This was due to the
variations in kernel size.  Larger kernels transferred
later than the smaller kernels due to the gradually
increasing transfer opening during the.cell-sleot alignment.

A major problem encountered in achieving satisfactory
performance was the design of the cut-off. An accumulation
of seeds in the vicinity of the cut-off pawl was encountered
which created high centrifugal forces and high seed damage.
To avoid this problem a variety of cut-offs were tried.

It was suspected that the presence of a cut-off cap inside

the narrow seed-chamber further restricted its width. This
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interfered with a free movement of seeds past the cut-
off cap and resulted in the seed accumulation near the
pawl.

A cut-off cap with the spring and its mountings,
located completely outside the seed-chamber, was tried
but it did not prove satisfactory. Different types of
seed pressure relieving baffleé (Figure 14) were mounted
near the cut-off pawl but did not improve the performance.

A variety of other cut-offs were tried, four of which
are 1llustrated in_Figure 15. Cut-off (A) had a narrow
pawl with a stationery tapering nylon piece mounted next
to the pawl. Cut-off (B) had a curved extension on:the
cap which was used to divert the excess seeds side ways in
an attempt to reduce seed pressures on the cut-off pawl,
Type (C) cut-off had a completely shielded pawl. This
was designed to keep the top of the pawl free from the
pressures due to the seed in the chamber and to achleve an
unrestricted up and down movement of the pawl during the
operation. None of these cut-offs proved satisfacotry and
most of them resulted in additional accumulation of seeds
and excess seed damage.

Another problem encountered with the cut-off was the
spring force in the cut-off pawl. If a weak spring was used,
it tended to 1ift up and in some cases completely fold back
at high metering speeds. If a strong spring was used, it
increased seed damage. A combination spring and weight

loaded unshielded pawl (Figure 15D) proved to be most
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satisfactory. At low speeds, the spring provided the

major portion of the cut-off pawl force. As the speed
increased, centrifugal force due to the weighted pawl,
contributed the additional force required for high speed
operation. This cut-off had an open top pawl which resulted
in minimum restriction in the chamber and reduced the

seed accumulation problem.

During the early stages of the work with the seed
accumulation problem, the metering-ring with .its. cut-off
was set to operate at the same speed as the seed-chamber,
This was logical since it was analogous with the situation
encountered in conventional planters where the cut-off
cap and the hopper walls have the same zero velocity.
After considerable work and time had been spent on the
seed accumulation problem, it was found that rotating the
seed-chamber at a slower velocity than the cut-off cap
assisted the movement of seeds past.the sides of the cut-
off and reduced the accumulation of seeds. Later tests
proved that the seed-chamber could be rotated with the
cell-ring to achieve uniform seed distribution in the
chamber. The cut-off housing in the seed-chamber provided
enough drag to develop a relative seed-cell velocity and
provide fresh seed-cell exposure after each delivery.

Observation of the machine under strobe lights
indicated that the cells were generally filled almost as
soon as they emerged from under the cut-off cap. This

observation offered the possibility of using two cut-offs
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to double the seed metering rate without an increase in
the machine speed. Alternately it offers the pessibility
of using a smaller diameter cell-ring with maybe only 6
or 8 cells. This will reduce the rotating mass in the

machine.

Seed Metering. Performance Tests

Initially a photocell activated eleetronic counter
was used to count the ejeected seeds. .The. cells were
counted by a second electronic counter coupled to a
tachometer generator. The photocell counting did not
prove satisfactory, due to a single count when seeds were
ejected closely in doubles. Manual cheecks of the photo-
cell counts exhibited negative. errors. The photocell
method was therefore abandoned and a counting board was
used for manual counting of the seeds. A dual chamber
seed collection box, with a flipping partition was used
in the metering tests. Figure 3 shews.the test set-up
for metering accuracy tests. The two electronic counters
were actilvated by the same tachometer driven at the
metering-ring speed. One counter was used. to indicate the
metering speed 1n cells per.minute and the seeond counter
was used for accumulative counting of the total number of
cells during a test.

A test was conducted by accelerating. the machine to
the desired test speed. After the speed stabilized, the

second counter was activated simultaneously with the
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flipping of the partition in the seed collection box.
After a desired sample was collected, the accumulative
count was stopped and the partition flipped simultaneously
to stop the test.

.The collected sample <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>