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DESIGN AND EXPERIMENT OF STEPLESS ADJUSTABLE SOWING AMOUNT
HOLE-TYPE METERING WHEEL FOR RICE
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ABSTRACT

The performance of hole-type metering device influenced the adaption of different rice varieties in the
mechanical direct hill-drop seeding technology, and the stepless adjustable sowing amount hole-type
metering wheel was designed to solve this problem. The mechanical characteristics of different seeds were
analyzed to acquire the parameters including the hole diameter, the hole depth, number of holes, the
diameter of metering wheel and jogger slider mechanism, and the performance of metering wheel was tested
on JPS-12 experimental bench by using Yongyou 12, Huanghuazhan and Wanxiang youhuazhan varieties.
The hole depth and the rotating speeds of metering wheel were the independence variance, average seeds
number per hole, coefficient of variance and cavity rate were taken as the evaluation indexes. The results
showed that the metering wheel could sow 3.58~7.82 seeds per hole with less than 40% of coefficient of
variance in average seeds number per hole and less than 5% of cavity rate, and the regression model of
average seeds number per hole was built by employing the length of seeds, the rotating speed of metering
wheel and the hole depth. The correlation coefficient was 0.952, the prediction error of regression mode with
0.32~11.35% was verified by the field experiment. This study could be used for designing the hole-type
metering device for rice.

WHE

g2 B AL K T U EL IR HEFR AT A 4 ZE T o (148 7 1 R 7 2 o] 9 76 1 AR T2 7L 0% AT R 6 AR
B, &1 T — K B E LR A I AL AR s 0 T AR AR TE ST, BE T AL E . 2R
S HAHE HFEEE R T TS E A I S5 FF L& F R E i 12, #
TE LRI RAELE L g i uda - LAFEFR 32 3 FIZE FLIRJE Ry F A1 35, LU RT3 S7 7 BRI E A i i 75
i, TR T EHIEE R, 5B, B3 PR A i =, R 2 AL IR /8 3~8 mm FIFER!#
F£3# 10~90 rimin I GH G F1F T, Hi#E TR HEFZ LD T 0% RIS F DT 5%, A LB -TEIA
K 3.58~7.82 FUl AN i#EF: RS, SRIFGH VT, @7 T URHKE. HERRFEERIIL R
B HIHEREFE L R BT, R FHh 0.952, il il 5 55 0F 7 HEZEHET1E, TR 2y
0.32~11.35%. A X W75 457 0] Ky 271 20K B EL IR HER as TP R FE IR 1

INTRODUCTION

Rice is a very important crop food in the world, and the mechanical hill direct seeding technology of
rice is already applied in many countries (Sansen et al., 2019; Sugirbay et al., 2020). It is a simplified
planting technology which saves time, reduces labor (Bista et al., 2018), decreases cost and promotes
efficiency (Jayalakshmi et al., 2021). While metering device is the key for applying precision hill direct
seeding (Singh et al., 2020; Tian et al. 2017), especially for the adaptability of different varieties (Ohno et al.,
2018; Kwon et al., 2021; Mahajan et al., 2018), it directly affects the effect of hill direct seeding operation
(Kumar et al., 2021; Xing et al., 2020). The hole-type metering device is the most popular application for
mechanical hill direct seeding of rice (Cay et al., 2018; Jia et al., 2018).

Luo et al., (2007), developed a hole-type direct metering device with double-filling chamber for rice,
and high-speed camera technology was conducted to analyze the flow rule and attitude in the filling area.
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Yatskul et al., (2017), studied a rice air-seeder with a vertical type divider head and tested distribution
accuracy on a standard machine.

Zhang et al., (2018), designed a combined scoop-shaped hole-type metering device with outer wheel
and inner wheel to adjust different sowing amount. Wang et al., (2018), controlled the stepper motor by SCM
to change the relative angle of inner wheel with outer wheel to change the volume of hole for adjusting the
sowing amount. Rajaiah et al., (2020), developed a prototype of a tractor-drawn 9-row precision paddy
planter with electronic metering and performed in field. Zhang et al., (2020), developed a U-type chamber
metering device to assist in improving the filling performance. As many different rice varieties were used by
farmers in China, and the shape characteristics, mechanical and physical characteristics all had a great
difference (Mahajan et al., 2018; Tan et al., 2019), while the adaptability and precision of the existing hole-
type metering device still needed to be further improved (Wang et al., 2017).

Therefore, a hole-type metering wheel with stepless adjustable sowing amount was designed by
changing the hole depth, and the structural parameters including hole diameter, hole depth, number of holes
and jogger slider mechanism were determined by theoretical analysis. The study was aimed to improve the
adaptability of hole-type hill direct metering device for different varieties and the range of sowing amount.

MATERIAL AND METHODS
Structure and working principle

The stepless adjustable sowing amount hole-type metering wheel for rice was composed of shell,
slider, jogger, compression spring, limiting ring of slider, cover, belt pulley, limit ring of bearing, limit top wire,
depth adjustable nut, main shaft and other components, as shown in Fig. 1.

Fig. 1 - Structural diagram of metering wheel
1. Bolt of cover; 2. Cover; 3. Shaft collar; 4. Slider; 5. Jogger; 6. Shell; 7. Belt pulley; 8. Limit ring of bearing; 9. Reset spring;
10. Limit top wire; 11. Limit steel ball; 12. Depth adjustable nut; 13. Limit ring of adjustable nut; 14. Supporting cover;
15. Bearing; 16. Main shaft; 17. Limit ring of slider; 18. Flat key; 19. Compression spring

The joggers were installed to match with holes, and the slider was fixed with joggers, thus the depth
adjustable mechanism of jogger slider was developed. Then limit ring of slider and compression spring
between the shell and slider were installed in the main shaft, while the limit ring of adjustable nut was
installed, and the depth adjustable nut was screwed with the main shaft and positioned by limit steel ball.
With the extrusion force of limit steel ball, reset springs and limit top wire, the depth adjustment nut was
locked with the main shaft when metering wheel worked.

When the sowing amount increased, the depth adjustable nut turned counterclockwise to release the
axial displacement, thus the compression spring would push slider to move left, then the joggers moved
radially toward the center of metering wheel, finally the hole depth changed from shallow to deep Fig. 2a.

When the sowing amount decreased, the depth adjustable nut clockwise turned to generate a
horizontal axial force, and overcame the elastic force of compression spring, thus the slider could move right,
the joggers moved radially toward the edge, and finally the hole depth adjusted from deep to shallow Fig. 2b.

Hole diameter and depth

Two popular holes applied in the direct seeding hole-type metering device of rice were cylindrical
shape and spoon shape; and metering wheel adjusted the jogger slider mechanism to change the sowing
amount, so the cylindrical hole was selected to promote the application in the field.
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a. Shallow to deep b. Deep to shallow

Fig. 2 - Adjusting hole depth of metering device

To determine the hole diameter and depth, the short, medium and long types of rice were included to
select, and 50 grains of Yongyou 12, Yongyou 1538, Huanghuazhan, Yexiangyou 2, Wanxiangyouhuazhan
and Taiyou 398 were randomly selected to test after pregermination, thus the mechanical characteristics of
seeds with length, width, thickness, aspect ratio, slenderness ratio and sphericity were tested to require the
parameters of metering wheel respectively with 3 repetitions as shown in Table 1.

Table 1
Material characteristic of different varieties

Varieties Length /mm  Width/mm  Thickness/mm Aspectratio Slenderness ratio  Sphericity/%
Yongyou 12 7.09 3.33 2.33 2.13 3.04 53.67
Yongyou 1538 8.03 2.87 2.39 2.80 3.36 47.40
Huanghuazhan 9.40 2.00 1.80 4.70 5.22 34.41
Yexiangyou 2 9.92 2.26 1.86 4.39 5.35 34.96
Wanxiangyouhuazhan 11.06 2.28 1.99 4.86 5.57 33.31
Taiyou398 11.29 2.26 2.03 4.99 5.55 33.03

The range of length and thickness were 7.09~11.29 mm and 1.80~2.39 mm, respectively, and the hole
diameter was 12 mm for preventing seeds to be stuck, and three postures of seeds were studied during the
filling process: lying, standing and erecting, so the hole depth was greater than 2.39 mm to ensure seeds
filled completely, so the hole depth was 3.00~8.00 mm.

Number of holes

With the same hill space of seeds and forward speed of machines, when the number of holes
increased, the rotating speed decreased, and the filling performance increased. However, the number of
holes increased to result in enlarging the diameter of metering wheel or reducing the circumference distance
of holes.

So, the formula for number of holes was:

rdu _ 607zdu _ 60u B

% smnd sn

N. =

0

Where:

Ny is the number of holes;

d - the diameter of metering wheel, m;

u - the forward speed of machine, m/s;

v - the linear speed of metering wheel, m/s;

s - the hill space of seeds, m;

nwas the rotating speed of metering wheel, r/min.

The maximum u in the field was 1 m/s, the minimum swas 0.1 m, and n was no more than 60 r/min,
so number of holes N was 8, by calculating.
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Diameter of metering wheel

The diameter of metering wheel was the key to determine the structural parameters and influenced the
performance. The linear speed of metering device increased with the increase of diameter, and the seeds
could not easily fill into the holes, thus cavity rate increased, while reducing the diameter would increase the
curvature, and it could result in the worse filling performance (Yi et al.,, 2021). While the auxiliary filling
equipment was not installed, the linear speed was less than 0.35 m/s, so the diameter d was 55 mm.

Hole depth adjustable jogger slider mechanism

The depth adjustable jogger slider mechanism directly adjusted the depth, and the force analysis was
required to avoid self-locking and jamming, thus the mechanism could smoothly adjust. When the hole depth
changed from shallow to deep, the forces in jogger had the frictional force fi between the jogger and the
hole, the frictional force f, between the jogger and the slider, the support force Fyi from metering wheel, the
support force Fn2 form the slider and gravity G;, while the joggers were located in the circle of slider, and the
resultant force was in the axis direction, thus the force of compression spring balanced. f; was from G and
Fni1, while the jogger mass was made by Polycarbonate having 0.003 kg, and the static friction factor Us was
0.31, so f; had no influence to ignore. The bottom jogger created the most resistance from shallow to deep.
Inversely, the top jogger had the largest resistance during changing from deep to shallow.

a. Force analysis of jogger b. Force analysis of slider
Fig. 3 - Force analysis of jogger slider mechanism

Taking the bottom jogger in slider for force analysis as Fig. 3a, fi and f, were analyzed in the direction
of jogger movement, so the equations were established in (2) as follows:

D> F,=0,F,cos0—f,sind-G,—f, =0
D> F =0,F,—F,sing—f,cos0=0

fl =Us-Fa

fz =Us Ry,

)

Where:

Fn1 is the support force from the jogger, N.

Fn2 - the support force from the slider, N.

f; - the frictional force between the jogger and the hole, N.

f, - the frictional force between the slider and the jogger, N.

G: - the gravity, N.

0 - the slope angle of the slider, °.

Us - the frictional coefficient.

Adjusting the hole from shallow to deep, the force analysis of slider was applied as shown in Fig. 3b,
the x-axis equilibrium equation was established as (3):

> F =0, f,cos6+ Fh',zsine—Ni-FT =0 3)
0

where: le is the frictional force of slider from the jogger, N.

F\, - the pressure of slider from the jogger, N.

Fr - the recovery elastic of compression spring, N.
No - the number of holes.
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According to Hooke's law:

F =k-AXx,
A’ @)
8N, -D?
AH
e a tan @
Where: Kk is the spring stiffness coefficient, N/mm.
AXop - the position variable of spring, mm.
A - the stiffness modulus of spring steel, N/mm?2.
do - the wire diameter of spring, mm.
Nc - the effective number of coils.
D - the spring diameter, mm.
AH - the depth variable of the hole, mm.
Adjusting the hole depth from shallow to deep, the mechanical model (5) was as follows:
G, _cosg-2U;sind-U* cosd 5)

F N, (U cos@+sin6)
While adjusting the hole depth from deep to shallow, the same analysis was obtained, and mechanical

model (6) was as follows:
G, _ cos@—2Ugsinf—Ug’ coso (6)
F-F' N, (U cos@ +sin 9)

Where: Feis the axial adjustable force, N.
F. ' - the force of compression spring, N.

According to metering wheel, the wire diameter of compression spring do was 2 mm, the spring
diameter D, was 22 mm, the effective number of coils Nc was 14, and the material was carbon spring steel
(79000 N/mm3).

The maximum angle 8 was 54.70° adjusting the hole from shallow to deep, while the axial force Fr was
larger than elastic force of compression spring F ', thus the angle 6 was no more than 55.55° during
changing from deep to shallow, taking the structural parameters, safety coefficient and resistance into
consideration, so the angle 6 was taken 30°, thus the thickness of slider was 14 mm.

The thickness of slider was calculated as (7):

b — Hmax (7)
tan @
where: b is the thickness of slider, mm. Hmax is the maximum hole depth, mm.

Materials and experimental equipment

Three rice varieties of short type Yongyou 12, medium type Huanghuazhan and long type Wanxiang
youhuazhan were used in the experiments, and JPS-12 metering device performance test bench was
conducted to test the performance, as shown in Fig. 4.

N

Fig. 4 - JPS-12 perfdrmance test bench
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Experimental design

Taking Yongyou 12, Huanghuazhan and Wanxiang youhuazhan as experimental materials, the
rotating speed of metering wheel 10~ 90 r/min, and the hole depth 3~8 mm as the independence, the full-
factor experiment was designed, and 300 holes of seeds were recorded with three repeats.

Evaluation index

Referring to evaluation standard of seeding performance of rice direct seeding machine in DG/T 083-
2021, average seeds number per hole L,, cavity rate Hx and coefficient of variation CV were used as
evaluation indexes, and the expressions (8) were as follows:

>4
L=
g (8)
w, = Ko s 1o0%
L()
cv =<
Lfi

where:
L. is the average seeds number per hole, Li was seeds number of the i hole, Lo was number of holes.
Hi - cavity rate, Ky — the number of empty holes, CV - coefficient of variation, o - standard deviation.

RESULTS AND DISCUSSIONS
Effects of different factors for the seeding performance

The results were shown in Table 2. For three varieties, average seeds number per hole increased with
the increase of depth, and decreased with the increase of rotating speed. Coefficient of variation of average
seeds number per hole decreased with the increase of depth, and increased with the increase of rotating
speed. Cavity rate decreased with the increase of depth, and increased with the increase of rotating speed.

Table 2
Effects of seeding performance for different varieties, rotating speed and hole depth on metering wheel
Yongyoul2 Huanghuazhan Wanxiangyouhuazhan
R in
Depth  Gc'® Moot Cavy MR caiy AR cay
(mm) rate rate rate
(rpm) number per (%) o number per (%) 0 number per (%) .
hole (%) hole (%) hole (%)
10 5.86 20.61 0.00 4.15 33.75 0.33 3.56 38.44 1.00
30 5.15 24.96 0.00 3.58 38.22 1.00 2.87 4273 2.33
3 50 4.62 28.86 0.00 2.86 4550 4.00 2.44 51.49 4.33
70 4.01 32.40 0.67 2.35 52.04 5.33 1.70 59.99 10.67
90 3.46 36.02 0.67 1.68 61.89 11.33 1.46 74.21 18.67
10 7.68 17.73 0.00 5.58 29.10 0.00 4.22 34.29 0.00
30 7.05 19.35 0.00 4.79 32.80 0.00 3.56 4466 1.33
4 50 6.67 19.68 0.00 3.91 40.08 0.67 3.04 47.58 2.00
70 5.41 25.52 0.00 2.54 51.95 3.33 1.89 57.35 8.33
90 4.48 28.50 0.00 1.92 60.68 8.33 1.58 99.10 17.00
10 10.04 15.23 0.00 7.03 26.82 0.00 5.12 34.00 0.00
30 8.99 18.52 0.00 6.01 28.75 0.00 4.23 38.26 0.67
5 50 8.70 17.18 0.00 4,94 36.92 0.00 3.09 52.39 3.33
70 7.22 20.69 0.00 3.27 51.09 2.33 2.31 62.72 9.33
90 5.47 26.80 0.00 2.59 60.27 7.33 1.48 78.84 22.00
10 11.51 17.16 0.33 8.21 22.09 0.00 5.58 34.14 0.33
30 10.82 1552 0.00 6.67 29.89 0.00 4.50 38.00 0.67
6 50 9.76 16.25 0.00 5.65 33.98 0.00 3.58 47.68 4.33
70 7.84 22.07 0.00 3.84 5155 2.67 2.29 66.02 11.67
90 6.00 22.36 0.00 2.74 60.71 8.00 1.54 77.38 19.00
10 13.30 16.45 0.00 9.90 23.52 0.00 6.64 31.11 0.00
30 12.37 17.29 0.67 8.06 26.56 0.00 4.79 41.54 1.00
7 50 10.79 17.09 0.00 6.37 30.48 0.00 3.77 48.88 1.67
70 8.46 19.99 0.00 4.49 43.97 1.00 2.63 62.05 8.00
90 6.93 22.85 0.00 3.12 51.79 3.67 1.56 93.92 27.00
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10 15.21 12.59 0.00 11.58 20.01 0.00 7.82 33.17 0.67
30 13.99 16.39 0.00 8.54 26.15 0.00 5.87 39.99 0.33
8 50 11.81 17.57 0.00 7.02 30.34 0.00 4.82 44.60 1.00
70 9.30 22.28 0.00 5.30 37.23 0.33 3.42 58.94 5.67
90 6.97 26.74 0.00 3.64 48.53 1.67 2.25 65.47 10.67

Influence of different factors on average seeds number per hole

As shown in Fig. 5, for three varieties, with the increase of rotating speed, the increasing range of
depth on average seeds number per hole decreased. With the depth of 3~8 mm and the rotating speed of
10~90 r/min, average seeds number per hole in Yongyou 12 was changed from 3.46~15.21 seeds.
Huanghuazhan was adjusted from 1.68~11.58 seeds. Wanxiangyouhuazhan was 1.46~7.82 seeds.
Therefore, with the depth from 3~8 mm and the rotating speed from 10 to 90 r/min, average seeds number
per hole could be adjusted from 3.46~7.82 seeds.

Influence of different factors on the coefficient of variation of the seeds number per hole

With the depth of 3~8 mm and the rotating speed of 10~90 r/min, the coefficient of variation of average
seeds number per hole on seeding Yongyou 12 was 12.59-36.02% as shown in Fig.6, while the adjustable
range of average seeds number per hole was 3.46~15.21 seeds according to the standard of less than 40%.
For Huanghuazhan, the variation coefficient of average seeds number per hole was 20.01~61.89%, and the
adjustable range of average seeds number per hole was 3.58~11.58 seeds according to the standard. For
Wanxiang youhuazhan, the coefficient of variation of average seeds number per hole was 31.11-99.10%, but
the adjustment range of average seed number per hole was 3.56~7.82 seeds with less than 40%.

Therefore, the coefficient of variation of average seeds number per hole was less than 40%, the
average seeds number per hole adjusted from 3.58~7.82 seeds under the conditions of depth of 3~8 mm
and the rotating speed of 10~90 r/min.

Influence of different factors on cavity rate

It can be seen from Fig. 7 that under the conditions of 3~8 mm depth and 10~90 r/min of rotating
speed, for Yongyou 12, the cavity rate was 0~0.67%, and the range of average seeds number per hole, of
which cavity rate was less than 5%, was 3.46~15.21 seeds/hole. For Huanghuazhan, cavity rate was
0~11.33%, and the range of average seed number of holes, of which cavity rate was less than 5%, was
2.86~11.58 seeds/hole. For Wanxiangyouhuazhan, the cavity rate was 0~27%, and the range of average
seeds number per hole was 2.44~7.82 seeds with less than 5%.

Therefore, for three varieties with different types, based on the standard of cavity rate was less than
5%, under different combination conditions of depth of 3~8 mm and rotating speed of 10~90 r/min, average
seeds number per hole could be adjusted from 2.86~7.82 seeds per hole.

To sum up, for three varieties with different types, under different combination conditions of depth of
3~8 mm and rotating speed of 10~90 r/min, it could meet the standards that coefficient of variation of
average seeds number per hole was less than 40% and cavity rate was less than 5%. Average seed number
per hole could be adjusted from 3.58~7.82 seeds.

Regression model of average seed number per hole

Taking average seeds number per hole as dependent variable, and rotating speed of metering wheel,
hole depth, length of seeds, width of seeds, thickness of seeds, aspect ratio of seeds, slenderness ratio of
seeds and sphericity of seeds were employed as the independent variables, the stepwise regression method
was used to perform multiple linear regression. The model with a higher correlation coefficient R of 0.952
was selected, thus the mathematical model (9) of sowing amount was:

y =—0.059x, +0.887x, —1.239X, +15.006 ©)

Where: y was average seeds number per hole, X; was rotating speed, r/min. X was hole depth, mm, X3 was
length of seeds, mm.

Field experiment
The metering wheel was installed on a high-speed ride-on rice direct seeding machine, and hybrid rice
Yexiangyou 2 (length of 9.92 mm) was introduced as the experimental variety.
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According to the agricultural requirements for direct seeding in Jiangxi Province, the hill spacing was
16 mm, average number seeds per hole was 3, and forward speed of machine was 1.0 m/s in the field.
Meanwhile, the corresponding rotating speed was 48.9 r/min, and the hole depth was 3.71 mm.

Before the field experiment, the forward speeds of high-speed ride-on rice direct seeding machine with
0.77, 0.98 and 1.23 m/s were tested by adjusting the low, medium and high throttle position respectively, and
the corresponding rotating speeds were 37.92, 48.35 and 60.24 r/min respectively. Average seeds number
per hole within a length of 20 meters in 10 rows was recorded with 3 repetitions as shown in Fig. 8.
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Fig. 5 - Effect of different factors on average seeds number per hole
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Fig. 7 - Effect of different factors on cavity rate

The results were shown in Table 3. Average seeds number per hole decreased with the increase of
rotating speed, which had the same trend as the bench experimental results, meanwhile, the field
experimental value was the same as regression model under the same operational conditions, and the
prediction error was 0.32~11.35%, so the accuracy of regression model was verified.

391



Vol. 67, No. 2 / 2022 INMATEH - Agricultural Engineering

Table 3
Test results of field experiment
No Forward speed/(mes™) Rotating speed / (remin™) Model value Averlga\grehrl)tlj;nber Error / %
1 0.77 37.92 3.77 3.90 3.45
2 0.98 48.35 3.15 3.14 0.32
3 1.23 60.24 2.45 2.73 11.35

b. Sowing perfornce
Fig. 8 - Field experiment

CONCLUSIONS

The stepless adjustable sowing amount hole-type metering wheel was designed by changing the hole
depth with jogger slider mechanism, and the key parameters were required and tested.

The results showed that for Yongyou 12, Huanghuazhan and Wanxiangyouhuazhan, metering wheel
with stepless adjustable sowing amount could sow with average seeds number per hole of 3.58-7.82 seeds
under the depth of 3~8 mm and the rotating speed of 10-90 r/min, and it could meet the standard of variation
coefficient of average seeds number per hole of less than 40% and cavity rate less than 5%.

The stepwise regression model of average seeds number per hole was established with the length of
seeds, the rotating speed of metering device and the hole depth, and the correlation coefficient was 0.952,
finally the prediction error of 0.32-11.35% was verified by the field experiment.
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