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Optimum Design and Experimental Analysis of Electronically Controlled Adjustable
Hole Seed Metering Device Based on Response Surface Method
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Abstract: In order to satisfy the requirement of precision soybean seeding with plot seeder, an electronically controlled
adjustable hole seed metering device was improved. In this study, three influencing factors were selected, such as speed of the
conveyor belt, the height of seeding and the pulse equivalent of the speed with the metering device, and the working process of
the seed metering device was evaluated by different influencing factors using the response surface method Box-Behnken Design
model. The interaction between the interactions was significant, and the optimal operating parameters of the electronically
controlled adjustable hole seed metering device were found. The result showed that the pulse equivalent, the conveyor speed
and the interaction between them had significant effects on the seeding performance test. The optimal working parameters of
the seed meter obtained by the BBD model were the pulse equivalent in 2 848, drop height at 135. 85 mm and conveyor speed
at 0.52 m+s~", and the maximum value of the qualified index at this time was 99. 97%. The experimental results showed that
the maximum value of the actual qualification index was 99. 73% , and the relative error between the model and the predicted
value was 0.24%. It shows that the model has a high degree of fit and can be used for the analysis and prediction of the
performance test of the electronically controlled adjustable eye wheel type seed metering device.

Keywords: Response surface method; Hole wheel type seed metering device; Electronic control seeding; Optimization design
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Fig. 1 Structure of socket-roller precision seeding device
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Fig. 2 Schematic diagram of the working principle of electronically controlled

adjustable eye wheel type precision seed metering device
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Table 1 Factors and levels of Box-Behnken
Hifi EES K- Level
Code Factor -1 0 +1
X, Jik 4 1600 2400 3200
X, 5 B/ mm 100 130 160
X P/ (m-s™" ) 0.45 0. 60 0.75

3.2.2 WIEEREARE M B2 AlA, AE
RN, HERh S HER PR RESS R 2 R K, A %18

BURALH 92.41% , fx =ik 5] 97.48% . 25 ok
B AR B IR A = HEFP 2 ma IR R A G
W EARA W, AR N [ 7 Box-Behnken B,
BN ZLREPE A2 REBAR TR .Y =
97.48 + 1.08X, —0.099X, — 1.56X, +0.29X,X, —
0.68X,X, —0.45X,X, — 1.32X; - 0.76X; — 1.94X:,
FIEA 5 FER R =0.997 4 (3R e 5031 P 50
H5 MBS A ARG B A ) P <0.000 1,3
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Table 2 Design table and results of Box-Behnken

ik 24 4k VR e L Rk YR
e Pulse equivalent Falling height Conveyor speed Qualified index
No- bR T ERa Ik e KT B A
X, Level X,/mm Level X;/(m-s™") Level /% /%
1 1600 -1 130 0 0.75 +1 92.41 92.41
2 3200 +1 160 +1 0. 60 0 96. 85 96. 85
3 3200 +1 100 -1 0. 60 0 96. 28 96. 28
4 1600 -1 130 0 0.45 -1 94.03 94.03
5 2400 0 100 -1 0.45 -1 96. 15 96. 15
6 2400 0 130 0 0. 60 0 97.48 97.48
7 3200 +1 130 0 0.45 -1 97.39 97.39
8 2400 0 130 0 0. 60 0 97.48 97.48
9 2400 0 160 +1 0.75 +1 92. 50 92.50
10 2400 0 130 0 0. 60 0 97.48 97.48
11 2400 0 160 +1 0.45 -1 96. 68 96. 68
12 3200 +1 130 0 0.75 +1 93.05 93.05
13 2400 0 130 0 0.60 0 97.48 97.48
14 2400 0 100 -1 0.75 +1 93.78 93.78
15 1600 -1 100 -1 0. 60 0 94.55 94.55
16 2400 0 130 0 0. 60 0 97.48 97.48
17 1600 -1 160 +1 0. 60 0 93.94 93.94

728 53 W 45 SR 3R BT K w24 g R 26 Al R Dy
Wi 2 R P E (P <0.000 1), g s B2 0 A ik 3
SRR (P =0.105 2) , Z YRR ] 5 R 500 1 3
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Table 3 Box-Behnken experimental
P S B B ¥ F{E PAH
Source Sum of squares df Mean square F value P value
F& 7 Model 60. 100 9 6. 680 296. 20 <0.0001
X, 9.330 1 9.330 413.92 <0. 0001
X, 0.078 1 0.078 3.46 0. 1052
X3 19. 560 1 19. 560 867.76 <0.0001
X\ X, 0.350 1 0. 350 15.44 0. 0057
X, X5 1. 850 1 1. 850 82. 05 <0.0001
X, X5 0. 820 1 0. 820 36.33 0. 0005
X3 7.280 1 7.280 323.10 <0.0001
X3 2.420 1 2.420 107.24 <0. 0001
X§ 15. 890 1 15. 890 704.93 <0.0001
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Fig. 3 Figure of the conformity index as a function of pulse equivalent and seed height
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Fig. 4 Qualification index as a function of pulse equivalent and conveyor speed
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Fig. 5 Figure of the conformity index as a function of conveyor speed and seeding height
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