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ABSTRACT

This study aims to design and fabricate a sugar beet hand planter to suit the small
holding farms and avoid the problems of the manual planting and imported planters.
Factors such as picker wheel speed, ratio of cup diameter to seed diameter (D/d), ratio
of metering gate height to picker wheel radius (h/r), and the transmission ratio (i) were
investigated. Results indicated that the best uniformity was accomplished with picker
wheel-speed of 0.205 m/s that placed over 85 % of the seed in a proper space. To
ensure a good seed rate of not less than 100 %, optimum seed spacing uniformity and
minimum missing percent the ratio of gate height should be limited to about 0.48. The
optimum distribution of seed was obtained at transmission ratio of 0.4. Data indicated
that there was no significance difference between seed germinations before and after
passing through the fabricated metering system. The best performance of the
fabricated planter was obtained at 0.205 m/s picker wheel speed, 0.46 height gate ratio,
and 0.4 transmission ratio. Multiple linear regression was performed to obtain the
prediction equation of seed spacing uniformity: Cp= 197 — 6.8 (rmzlg) ~516 (i) +4.12
{h/r) + 0.34 (D/d). Where: C.= seed spacing uniformity, D = diameter of metering cups,
d = diameter of beet seed, r = radius cf picker wheel, w= angular velocity of picker wheel,
g = gravitational acceleration, h = height of feeder gate, and i = transmission ratio.

INTRODUCTION

Up till now, the sugar beet sowing is essentially dane manually in Egypt.
This is because introduction of mechanization generally involves big
machinery, although most local farmers own small land holdings. In addition,
different varieties of uncoated beet seeds with irregular shape and different
dimensions are planted. Second problem with using row planters is that of
ungraded seed. Therefore, a simple hand planter with cup metering system
was designed and fabricated that can plant ungraded beet seeds appropriate
to the small farm holdings.

Wilson (1980) developed eguations, which related the release error from
seed delivery to the seed distribution along the rows. Using these equations,
he studied the effects of several design parameters on the seed distribution
and suggested that the peripheral velocity of the releasing mechanism shaould
be equal in magnitude and opposite to the forward velocity in direction.

Kepner et al. (1982) mentioned that the diameter of cell should be about 10
% greater than the maximum seed dimension, and the cell depth should be
about equal the average seed diameter or thickness.

Korayem {1986) reported that increasing cell speed generally reduced cell
fill and increased seed damage and seed spacing along the row.
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Chhinnan et al (1975) studied the effect of various factors on seed
metering and seed placement errors. The higher metering plate speed resulted
in more skips, higher seed placement errors and higher average spacing.

Kachman and smith (1995) indicated that the mean and sample standard
deviation are not appropriate methods for summarizing the distributions of
seed for single seed planters. The multiples index, miss index and quality of
feed index are good for summarizing seed distributions. Those measures were
based on the theoretical spacing (X er).

Ahmed and Gupla {1994) designed and developed a manually operated
electrostatic planter for small seeds. It can be substituted for manual planting
to reduce labor requirement, reduce seed rate per hectar and to reduce
operational drudgery.

Klenin et al. (1985) reported that for high quality sowing, each cell should
be packed with a single seed such that is ejected by the plate. Seed packing is
greatly affected by the relationship between the cell size and the see
thickness. :

Senapati, et al. (1988) stated that uniform placement of seeds along th
line is an important factor which affects the crop growth and thus the yield.
Therefore, the design of metering devices is one of the most important aspects
of seed drills,

RNAM, 1991, reported that to enable the cell plate to pick the seed at
100% efficiency from seed hopper, its peripheral speed should not exceed 300
mrmy's.

The current study was devoted to:

1- Design and fabricate a hand planter to replace manual planting and solve
the major problems of sugar beet planting.

2- Conduct the laboratory experiments to study some engineering design
factors and identify the scientific parameters at which it can be
commercially manufactured.

3- Develop an equation to predict seed spacing uniformity and the
performance of the hand planter.

MATERIALS AND METHODS

During this study a hand planter with a cup metering device was designed
and fabricated. Figure 1 is a diagram of the fabricated push planter. It suits the
needs of small farms. The cup pick up mechanism was specifically designed
for sugar beet to plant ungraded beet seeds and avoid seed damage due to
rough mechanical handling. It will pick up individual seeds of various sizes and
shapes with high degree of accuracy. The main components of the fabricated
machine are as follows:

Seed hopper:

It was fabricated from iron sheet of 1.5 mm thickness. Hopper bottom is
inclined at 45 degree to horizontal. It stores seeds to be delivered during
sowing operation.
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Metering device:

It is used to meter seeds, and control their rate of delivery as single seeds. Itis
a cup metering type that consists of a shaft carrying a vertical picker wheel with
a ring of cups attached to its periphery. The picker wheel with set of cups
rotates in a compartment of the metering housing which is placed at the bottom
of the seed hopper. The seeds are fed from the hopper into a reservoir of the
metering housing by gravity through a gate to regulate the seed level. As the
cup moves through the seeds in the reservoir, it scoops them up and discharge
in into the top of the coulter tube. The housing of metering device is made of
cast iron. The picker wheel inside the metering housing was fabricated using
aluminum plate of 30 mm thickness and 170 mm diameter. The number of
cups was estimated as a function of seeding rate, and speed ratio of the picker
wheel to ground wheel according to (RNAM 1991) as follows:

N=(mxdyxbx8)/i

Where: N = number of cups, dy = ground wheel diameter, b = distance
between rows, S = seeding rate, seedslmz, and i = transmission ratio.

The distance between cups Ly on the plate was adjusted to be 18 mm,
since it must not be smaller than twice the maximum size of the seeds L;=
B8mm (RNAM 1991). Loz 2 L,

The rotation speed n, rpm of the picker wheel was arranged as a function
of the sowing pattern and the speed V, m/s of the machine according to (Klenin
1985).

n=60V/aNi rpm

Where: a = spacing between seeds in a row, N = number of cups on the
metering plate, and i = speed ratio of picker wheel to ground wheel
{transmission ratio).

1- Serd hopper
— 2= Drlve wheel
3- Furrow opener
i- Prace wheel
5~ Fra~r
€- Handle
flevato Side view 7- Trurseission chan
B~ Netering devce

Fig: 1: An etevotion ond side view of the developed hond plonter,

Ams. 1w
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Furrow opener:

The furrow opener of the fabricated machine was chosén as a runner type.
Its leading edge is typically curved upward. The bottom edge is a v shaped (at
rear). Typical dimensions are 300 mm in length, 80 mm in depth at rear and 30
mm in width at rear (According to ASAE standards 1997). The depth of
penetration of the opener is governed by wheels sefting which can be adjusted
vertically.

Firming wheel:

1t presses seed into soil at the bottom of the seed furrow to improve seed to
soil contact. Its width is narrower than the seed furrow width (Smm) and its
diameter is of (150 mm). It has down force weights to reduce wheel bounce
and apply additional firming force.

Press wheel:

A single steel wheel has a width of 10 ¢m and 20 ¢m radius is centered
over the seeded row. That wheel accomplishes the following: a) to complete
seed covering and seed closure. b} to improve soil to seed contact. ¢} to control
or gauge the depth of sowing operation.

Power transmission:

The metering device is driven by the front ground whee! by means of
chains and sprockets. It has been fabricated from steel sheet of 5 mm
thickness, 100 mm width and 200 mm radius. The recommended distance
between seeds is about 20 cm the following formula was used to determine
gear ratio (RNAM 1991): i=dgle/dpl

Where: i= drive transmission ratio, dq = ground wheel diameter, d, = picker
wheel diameter, L = distance between seeds, and L; = distance between cups
on metering plate.

Main frame:

it fabricated from steel angles, pipes and plate sections. All other parts
were mounted to the frame. The frame was carried on the main-wheel axle.
Two handles are provided with the frame to push the planter forward during
operation.

Uncoated muiti-germ beet seeds were used in this work. Seeds are nearly
round in shape with an average diameter of 6 mm.

The fabricated hand planter was tested and for performance was
evaluated under laboratory conditions by using a special greased belt. The
following parameters were investigated for the laboratory evaluation:

1- Picker wheel speed:
Four picker wheel linear speeds of 0.117, 0.205, 0.321, and 0.468 m/s
were studied.

2- Diameter ratio between metering cup and beet seed:
Three diameter ratios of metering cup to beet seed namely 1.1, 1.27, and
1.45 were compared.
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3- Metering gate height to picker wheel radius ratio:

The efficiency of the feed mechanism is dependent upon a steady supply
of seed from the main hopper to the feeder reservoir through the metering gate.
Therefore, four different ratios of gate height to picker wheel radius (0.22, 0.48,
0.70 and 0.94) were investigated.

4- Speed ratio between picker wheel and forward speed (transmission
ratio):

The factor which is the ratio between the picker whee! peripheral speed
(release points on the metering mechanism) and the forward speed of the
planter {linear speed of test rig belt) was studied. Four speed ratios of picker
wheel to forward speed {transmission ratio) were tested (0.4, 0.7, 1.09, and
1.59).

The following measurements were determined to investigate the effect of
design factors on the fabricated hand planter performance.

1- Seed spacing uniformity, and Missing percent:

These indices were based on the theoretical spacing ( X,=20 cm). The
quality of seed spacing uniformity index was the proportion of spacing between
0.5to 1.5 Xr. The multiple index was the proportion of spacing equal to or less
than 0.5 X, and the missing index represented the percentage of spacing
greater than 1.5 X, Kachman and Smith, ( 1995).

2- Seed rate ratio:
The ratio of actual number of dropped seeds to the theoretical number of
seeds were computed as seed rate ratio.

3- Germination percent:

This measure was conducted by keeping 100 seeds on filter paper socked
with water in a petri dish. After 10 davs, the germinated seeds were counted to
determine the germination percent. Germination percent was determined
before and after passing through the metering device.

RESULTS AND DISCUSSION

1- Seed spacing uniformity:

Figure 2 shows the relation between picker wheel speed (0.117, 0.205,
0.321, and 0.468 m/s), and seed spacing uniformity. High seed spacing
uniformity values indicate the metering system is doing well singulating seed
and dropping it uniformly. it was observed that practically 84.5 % seed spacing
uniformity was achieved at up to 0.205 m/s of the picker wheel speed. But
above that, the seed spacing uniformity dropped dramatically. It decreased to
72.3 and 60.2 % when picker whee! speed increased to 0.321 and 0.468 m/s
respectively. Therefore, to ensure a good uniformity of not less than 85 %, the
picker whee! should be operated to about 0.205 m/s. Excessive picker wheel
speed must be avoided to prevent seed from being shaken out of the cups.
This result trend may be due to the fact that the forces acting on the seed at the
point of contact with the cup are gravitational force (mg) and centrifugal force
due to the rotational speed (Cy) of picker wheel. Therefore the seed will falt off
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the cup if C; > mg. Also figure 2 shows that the diameter ratio of cup to seed
had no sensible effect on the uniformity for all picker wheel speed.

Figure 3 shows the effect of gate height to picker wheel radius ratio on the
seed uniformity. These results show that the uniformity increased from 70.3 to
83.1 % when the ratio increased from 0.22 to 0.46. Above 0.46 ratio there is a
minimal effect upon spacing uniformity. This may be due to the cups may not
holding the seeds if there are not enough seeds in the feeder reservoir for
picking seeds by cups. The layer of 4 cm (0.46 ratio) was considered optimum
for picking seeds by cups. The thick of layer in the reservoir is kept at the
desired value by changing the position of feeder gate. Also it was cbserved
that, when the ratio between picker wheel speed and forward speed
(transmission ratio} was 0.4 the release errors would have a minimal effect
upon spacing uniformity. It can be concluded that an increase in transmission
ratio was accompanied a decreasing in seed uniformity after a cartain speed
ratio (0.7) reached.

——[/d =11 —8—Did = 1.27 —4—D/d =1.45ji

Spacing uniformity, %
BRERSABHRE

0117 0.205 0321 0.468

Linear speed, mis

Fig. 2: The effect of the picker wheel speed and the metering cup to seed
diameter ratio on the seed spacing uniformity.
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Fig. 3: The effect of metering gate height to picker wheel radius ratio and
the transmission ratio {i) on the seed spacing uniformity.
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Table 1 shows the analysis of variance of the seed spacing uniformity C,
as a dependent variable and the four independent variables. From this table it
can be seen that the C, was significantly affected by all the investigated
parameters with a determination coefficient of 0.913.

Multiple linear regression was performed to obtain an eguauon predicting
seed spacing uniformity. C, = f (D/d), (rw’/g), (h/r), (i) =(.834

C,= 197 - 6.8 (rw?lg) ~ 5.16 (i) + 4.12 (hir) + 0.34 (D/d)

Where:

Cp= seed spacing uniformity, %.

D = diameter of metering cups, cm.

d = diameter of beet seed, cm.

r = radius of picker wheel, cm.

w= angular velocity of picker wheel s’
g = gravitational acceleration, cm/s®.

h = height of feeder gate, cm.

i = transmission ratio.

Table 1: Analysis of variance of seed spacing uniformity and the
independent variahles.

df 55 MS F Significance F
Regression 4 21644 .66 5411.165 235.684 7.27E-72
Residual 187 4293.409 22.95941
Total 191 25938.07
df 88 MS F Significance F

Table 2: Multiple regression analysis of seed spacing uniformity and the

independent variables.

Standard Lower | Upper | Lower Upper

Coefficlents | g, | tStat \Pvalue) “go0” | “g5y | e50% | 95.0%

intercept | 197.0089 | § 785701 [34 16876 |2.47E-82 | 185.5327 | 208.381 | 1856327 | 208.381
(rwg) |~ -6.80875 | 0.309296 | -22.0137 [8.27E-54[ -7.41891 [ -6.19859 [ -7.41891 | -6 19859
(i) -5.16833 | 0.309296 | -16.71 [B.01E-39| -577848 |-4.55818 | -5.77849 | -4.55818

(Did) 0.340625 | ¢ 423521 [0.804265[0.422263] -0.40487 [1.176119 | -0.49487 | 1.176119
{(hin) 4.129583 | 0.309296 [13.35154| 5.4E-29 | 3.519425 [4.739742{ 3.519425 | 4.739742

It may be noticed from the regression equation and table 2 that the seed
spacing uniformity was directly related to the metering gate height ratio (h/r},
and metering cup diameter ratio. However, it was inversely related to picker
wheel speed (rw*/g) and the transmission ratio (i).

2- Missing percent:

Data in figure 4 indicates that the picker wheel speed had a clear effect on
the missing index. It was nearly around 8.5 % at picker speed up to 0.205 m/s
and rapidly increased to 28.9 % when the picker speed increased to 0.468 m/s.
This is may be due to the rotational speed of picker wheel affects the picking
efficiency of the metering device because seeds may fall out of the cups. Also it
can be noticed that the missing index was not influenced by the metering cup
to seed diameter ratio.
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Figure 5 shows the effect of gate height to picker wheel radius ratio on
missing percent. The minimum percentage of missing was 8.2 % which was
given with height ratio of 0.94. While the maximum missing percent of 25.8 %
was recorded at height ratio of 0.22. Generally, the feeder gate height should
not be less than 50 % of picker wheel radius to achieve the minimum missing
percent. It can be noticed that the transmission ratio had a significant effect on
the missing index. The minimum missing percent (8.5 %) were recorded at
transmission ratios ranged from 0.4 to 0.7 and highly increased by about 60%
and 130 % with ratios of 1.09 and 1.59 respectively.

[— : .
f-—‘—ﬂd =11 —8—0d = 1.27 —4—D/d =1'45___i

Missing, %
o

0117 0.205 0.3 0.468
Linear speed, m/s

Fig. 4: The effect of picker wheel speed and the metering cup to the seed
diameter ratio on the missing percent.
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Fig. 5: The effect of metering gate height to picker wheel radius ratio and
the transmission ratio on the missing percent.

3- Seed rate ratio:

Figure 6 represents the effect of picker wheel speed and cup diameter ratio
on seed rate index. It can be noticed that an increase in picker speed was
accompanied by a decrease in seed rate after a certain picker speed of 0.205
m/s was reached. Where at the first two speeds (0.117 and 0.205 m/s) the
seed rate was nearly around 1.05. And rapidly decreased to 0.85 and 0.7 when
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the speed increased to 0.321 and 0.468 m/s respectively. In addition at low
speeds of picker wheel (0.117 and 0.205 m/s), the feeder cup diameter ratio
had no significant effect on seed rate index. While at higher speeds (0.321 and
0.468 mfs) the seed rate index increased when the cup diameter ratio
increased.

Data in figure 7 indicate that the metering gate height ratio and
transmission ratio had an obviously effect on the seed rate index. It can be
noticed that the seed rate increased by about 35 % as the feeder gate height
ratio increased from 0.22 to 0.46. While at higher gate height ratio the seed
rate index did not change. Generally, the gate height ratio should not less than
0.46 to get the optimum seed rate. Also the figure shows that the transmission
ratio had a high significant effect on the seed rate index. Where the seed rate
index highly decreased when the transmission ratio increased. The maximum
seed rate 1.07 was recorded at the lowest transmission ratio of 0.4, Meanwhile
the minimum seed rate 0.62 resulted with the highest transmission ratio of
1.50.
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Fig. 6: The effect of picker wheel speed and metering cup to seed
diameter ratio on the seed rate index.
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Fig. 7: The effect of metering gate height to picker wheel radius ratio and
the transmission ratio on the seed rate index.
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4- Germination ratio:

Germination percent and seed damage were carried out in the laboratory
to study the effect of the fabricated metering system on beet seed. Results
showed that the seed damage due to metering mechanism was nil. This is due
to the seeds were handled gently because there is no cut-off device or
deflector wheel in the fabricated metering system. Germination percent was
measured before and after passing through the metering system. Germination
percent did not vary radicawy with the feeding mechanism. They varied
between 98.5 % and 98 % before and after passing through metering system
respectively.

CONCLUSIONS

The main results In this study can be summarized in the following:

1- To ensure a good uniformity of not less than 85 %, the picker wheel should
be operated at speed of 0.205 m/s.

2- The seed uniformity increased from 70.3 to 83.1 % as the feeder gate height
ratio increased from 0.22 to 0.46. The seed thick layer of 4 cm obtained
with 0.46 ratio of gate height to picker radius was considered optimum for
picking seeds by cups.

3- An increase in transmission ratic was accompanied decreasing in seed
uniformity after a certain speed ratio of (0.7).

4- The seed missing was nearly around 8.5 % at metering speed up to 0 205
m/s and rapidly increased to 28.8 % when the metering speed increased to
0.468 m/s.

5- The minimum missing percent (8.5 %) was recorded at transmission ratios
ranged from 0.4 to 0.7 and highly increased by about 60% and 130 % with
ratios of 1,09 and 1.59 respectively.

8- The optimum seed rate index (1.05) was recorded at 0.205 m/s metering
plate speed, 0.4 transmission ratio, metering cup diameter ratio of 1.1, and
feeder gate ratio of 0.46.

7- The seed rate increased by about 35 % when the feeder gate height ratio
increased from 0.22 to 0 46. While at higher gate height ratio the seed rate
index did not change.

8- Using the fabricated machine no damage to the seed was observed.

9- The germination percent varied between 98.5 % and 98 % before and after
passing through the metering system respectively.

10- As a result of laboratory test, it may be concluded that the fabricated
planter met the design objective when was operated at 0.205 m/s metering
plate speed, 0.4 transmission ratio, metering cup diameter ratio of 1.1, and
feeder gate ratio of 0.46.

11- Since it is predicted that the experimental hand planter works satisfactorily
only on small plots and can achieve approximately 0.23 fed./h at a walking
speed of 2.5 km/h. Therefore, it is recommended that a four units planter
attached with a tractor of 5 km/h forward speed may be used to enable
higher field capacity of about 2 fed/h, to be practical for the medium and
large area and to sow sugar beet economically.
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