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Design and experiment of electronically controlled direct
seeding and planting device for corn in arid northwest China
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LI Hui', LI Shuangchen', MA Yongchao'

(1. College of Electromechanical Engineering, Gansu Agricultural University, Lanzhou 730070, China;

2. Institute of Dryland Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China)

Abstract To address the issue of existing dibble seeders requiring high field flatness in practical operations
in northwest arid regions, this study optimized the seed-metering device of the commonly used 2BZ-2
seeder. Taking the rotation angle of the crank in the seeder’s parallelogram linkage mechanism as
reference, the working process of the seed-metering device was divided into four stages: seed filling, seed
picking, hole-making and seeding, and resetting. A microcontroller-based electronic control system was
designed to achieve precise control of each working stage, enabling forced seed discharge and mandatory

duckbill opening/closing mechanisms, thereby improving seeding stability and adaptability. Through
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quadratic rotational orthogonal combination bench tests, analysis was conducted with three factors

including seed-picking shaft rotation angle, electric actuator stroke, and thrust force, using single-seed

qualification rate, missed sowing rate, and repetitive sowing rate as response indicators. Optimization

results showed that the optimal seeding performance occurred at 59° seed-picking shaft rotation angle,

12.2 mm electric actuator stroke, and 19.4 N thrust force. Experimental verification under these optimized

parameters demonstrated that the electronically controlled maize seed-metering device achieved 1.6%

empty-hole rate and 91.8% qualified hole-seed quantity rate, which meets the operational quality

requirements for dibble seeding machinery.

Keywords corn; direct-planting seeder; electronic control system; experimental verification

Tk TR E VLT R X ) EEAREEY, F
13 2 AR RN T A 7 Y 32 R AR PR L b X
R A W ZE I R RN AT 1 Rl AL AE S
B 17 FH H A7 AE 0 B AL AR 7 A T 47 45 ) A, AN Y
J L R PSR ARV D SR T ELRE I T ARl AR
A5 Sl 0 DR, O Ak 3 R LR T x4
PG X R ORAE PR A R

AW 5E A T DEM-MBD # 4 3 RJT 8 &
7 BAE LIRS, B it — R R B U 48 0K B o
A7 VOAT HLG 16 15 2 8 3 A2 LA, i LA AT A 5 B
FEAE A LTS W 2 SRR A A b R T kR R 40
IS8 [ R MR SR T T i A
S HE -5 e HERR R 0T % i DN b RS AR AR R 8L
() HE b 3SR 25 (0 o) . BRI T — R R B
LA A FP AL, 48 7 HEE BUE K A 5 2 T
R EAERPLE . EH#5 8 T —Ff
Pt 5 A ALl e T P PR ) R G B Tt
ol 25 32 252 (AL i o A 2 22 ) HE R4 D SRR
W, Tm S WEIET —F L STM32 5 5 HL R
0 RS 46 AR HILAR ) 2R 40, #E o7 LSS ol 5 4% 1
F] PRIOC R B R EDR BERE AN B 0y . R A D
58 R LA 7K 4 U M TS O X2 7 7% RS X R 1t
T BRI OGRS HO BT L AELEE X R LR A
FUN E SR BT IV O NDIEE L 3 20 o L1 B T
AR ) SR AT DT

XF I, ASBIF ST M3 R A 2BZ-2 1 oK B I AR
AL o 4% i 10 AT 3 L 400 FH BR 7 BIL A o XA 2%
S5 3L SRR gty i, 1) BB A RS W iR ) A, R AR i
HIL L 74 258 7 52 B 49 b Al v PR R AN SF- 5 1 5
SOBCRR 55 HEFP AL 2 %, DT 5| & T 196 23R O v 55 1)
I TR UNE R UL e @ o e o e
AL, X P Ak 45 S 173 560 5030, DA R A DG 1
A — A4 T R R AR B %

1 RNEHFENSTIERE

AW T T BT A A T HE B K T 2BZ-2
B TR B A R AL i AR AR R AR A ALY
BB pF, BB AT R AR A AL
FF A e G SO Al R R G R R R
J 38 S A A RE AR R AR ALY AT AT LA B R
FEAR A L 1o

LR 52, JCHR R 3. SR 4. AT 55, BE WS ;6. L afE
FF37. 4D 8. 1h MG ;9. 7T I A8 IS

1. Seed tube; 2. Main frame of hole planter; 3. Reset the spring;
4. Guide rod; 5. Fixed duckbill; 6. Electric push rod; 7. Push the block;
8. Active duckbill; 9. Base of hole planter
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Fig. 1 Structural components of electrically controlled corn

direct insertion hole sowing machine
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Fig. 2 Block diagram of closed-loop control system
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AB is the connecting rod. CD is a hole sowing rod. AC is the active crank. BD is the driven crank. EF stands for electric push rod. GH stands for
active duckbill. GI stands for fixed duckbill.
h is the depth of the acupoint insertion. @ is the angle at which the duckbill opens and closes.
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Fig.4 Working process of the seed-metering device
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1. Planting brush blades; 2. Corn seeds; 3. Seed taking axis;
4. Inner wall of the tube

G is the gravitational force acting on the seed. F;and F, represent

the support force and friction force acting on the seed.
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Fig. 5 Analysis of stress on corn seeds during

the harvesting stage
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1. Electric push rod; 2. The front connecting arm of the duckbill is
not open; 3. The duckbill opens and closes, connecting the arms;
4. Fixed duckbill; 5. Corn seeds; 6. Active duckbil

0, is the angle of opening and closing of the duckbill. @, is the push
angle of the push rod. /; is the length of the active duckbill. /, is the
length of the connecting arm. S;is the diameter of the seed. S, is the
pushing distance of the push rod. F is the thrust applied by the electric
push rod to the pushing block. ¢ is the distributed resistance received
by the dynamic pressure nozzle from the soil.
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Fig. 6 Force analysis of the mouth opening mechanism
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Fig. 7 Schematic diagram of seeding mechanism structure
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(b) Relationship between seed axis and seed brush size
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1. Seed taking axis; 2. Planting brush blades
[ is the length of the seed hole. W is the width of the seed hole. 7 is the radius of the spherical hole. d is the diameter of the seed axi. H is the height
of the seed hole. S is the distance between the seed brush and the seed axis.
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Fig. 8 Schematic diagram of the size relationship and structure of the seed axis and seed brush blade
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Fig. 9 Experimental bench for electrically controlled corn

direct insertion seeder
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Fig. 10 The influence of seed shaft angle (a), electric push rod stroke (b), and electric push rod thrust (¢) on qualification rate,

missed sowing rate, and repetitive sowing rate
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Table 1 Factors and horizontal coding of seeding performance test for hole seeders
A % Factor
7J(EF‘ = . ) 2 2 . .
Level | BURMEREESCXD/C) ALK /mm R J) (X /N
Seed axis rotation angle Electric push rod stroke Electric push rod thrust
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Table 2 Multi-factor bench test design and results

i 2 K ZIKF Factor level PEREFE PR/ Y% Performance index
Number o z, T, Y, Y, Y,
1 —1 —1 0 70.45 4.79 24.98
2 1 —1 0 69.18 3.91 26.91
3 —1 1 0 72.66 3.97 23.37
4 1 1 0 68.98 4.18 26.84
5) —1 0 —1 71.96 3.83 24.21
6 1 0 —1 69.77 3.76 26.47
7 —1 0 1 68. 23 3.82 27.95
8 1 0 1 64.76 3.67 31.57
9 0 —1 —1 70.63 4.72 24.65
10 0 1 —1 72.70 3.79 23.51
11 0 —1 1 67.53 3.72 28.75
12 0 1 1 65.72 4.64 29. 64
13 0 0 0 77.43 2.35 20. 22
14 0 0 0 77.02 2.57 20.41
15 0 0 0 78. 64 1.61 19.75
16 0 0 0 77.37 2.36 20.27
17 0 0 0 77.58 2.24 20.18

TE oy vy vy 23 590 S OB Al 5 Ff  HRL A T 9 R 0 WL A T 40 0 BB YL YL B0 Y 0 B A A R TR R R A R R . R 3

B 1117 .

Note: ay, x,, xyare the rotation angle of seed taking shaft, the push distance of electric push rod and the thrust of electric push rod

respectively. Yy, Y,, Y, are the qualification rate, missed sowing rate and repetitive sowing rate respectively, Same as

Table 3 and Fig. 11.
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Table 3 Variance analysis of bench test and experimental results for hill-drop planter

Y, Y, Yy
g M A A
LR - F 7 A - F 7 A -
Degree Degree Degree
Source  Sum of [ F P Sum of ( P Sum of ( F P
0 o o
squares freedom squares freedom Squares freedom
T “ - o
Model 309. 70 9 103.94 <<0.000 1 13.79 9 18.07 0.0005" 216.93 9 218.42 <<0.000 1
X, 13.49 1 40.76 0.0004™ 0.10 1 1.17 0.3156 15.90 1 144.13 <<0.000 1™
X, 0.78 1 2. 34 0.1699 0.04 1 0.46 0.518 3 0.47 1 4.22 0.0790
X, 44.27 1 133.73 <<0.0001" 0.01 1 0.09 0.7703  45.46 1 411.95 <<0.000 17"
X X, 1.73 1 5.22 0.056 2 0. 30 1 3.50 0.1034 0.59 1 5.37 0.0536
X, X, 0.41 1 1.24 0.302 8 0.01 1 0.02 0.894 6 0.46 1 4.19 0.0799
X, X, 3.76 1 11.37 0.0119° 0. 86 1 10.10  0.0156" 1.03 1 9.34 0.018 4"
X2 64.21 1 193.96 <<0.000 1"  2.49 1 29.40  0.0010™" 41.40 1 375.19 <C0.000 1™
X,? 49.83 1 150.52 <<0.0001" 6.24 1 73.57 <C0.0001™" 20.81 1 188.60 <C0.000 1™
X7 106. 22 1 320.84 <C0.0001" 2.53 1 29. 80 0.000 9™ 76.00 1 688.63 <C0.000 1"
ﬁ.% 2.32 7 0.59 7 0.77 7
Residual
A
. 0.82 3 0.73 0.5870 0.06 3 0.16 0.9207 0.53 3 2.84 0.169 3
Lack of fit
BE 5y 0.53 4 0.25 4
Pure error
Javii]
312.01 16 14. 38 16 217.70 16
Total

T 43 B F R R 3 (P<<0. 0D AL 3% (0. 01<CP<C0. 05)
Note: ** and * indicate highly significant (P<Z0. 01) and significant (0. 01<ZP<Z0. 05) respectively.

21
19 XN

X,/ mm

1017
(@) Yi=1(0, X, X;) (b) ,=/(0, X, X;) (©) Y:=1(0, X, X;)

B11 X, X, ZEMEBRXMEREERNZN

Fig.11 Impact of X,and X; interaction on performance metrics
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