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Design and Experiment of Seedbed Perfect Device for
“Three — Soybean” Cultivation Mode Matching Seeder

CHEN Haitao ZHANG Zhao WANG Xing WANG Yecheng JI Wenyi XUE Donghui
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract. Soybean cultivation in Northeast China adopts the cultivation mode of sowing double lines on
the raised-bed and deep fertilization in the middle, called “three-soybean” in raised-bed. In order to
solve the problem that the soil disturbance of fertilizer-opener affects the spatial position of seed-fertilizer
and seed-seed under the “three-soybean” cultivation in raised-bed mode, a type of seedbed perfect
devices was designed. Through theoretical analysis, the range of the key structural parameters of the
double collecting ring type seedbed perfect device was determined under the conditions of typical
northeast black loam, 20% moisture content and 4. 48 N/mm pull down spring stiffness of the profiling
mechanism. Using the three factor and three level orthogonal experiment method, taking the operation
speed, the length of the generatrix of the soil collecting ring and the pre elongation of the profiling pull-
down spring as the experiment factors, and the seedbed flatness, the coefficient of variation of the soil
firmness at depth of 5 ¢m at raised-bed top, the coefficient of variation of the sowing depth, the dispersion
of the seed and the qualified rate of the spacing between the seed and fertilizer as the evaluation
indicators, the optimization experiment of the key structure and the application parameters was carried
out. The results showed that when the operating speed was less than or equal to 14.4 km/h, the pre-
elongation of the spring was 90 mm, and the length of the generatrix of the soil collecting ring was 42 mm ,
the seeding-unit added with the seedbed perfect device could achieve a seedbed flatness of 6.22 mm, a
variation coefficient of soil solidity of 5 cm depth at the raised-bed top of 17.39% , a variation coefficient
of seeding depth of 13.74% , a dispersion degree of seed lateral displacement of 7.65% , and the
qualified rate of the spacing between the seed and fertilizer of 87. 86% . Compared with those without
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seed-bed perfect device, the qualification rate of sowing depth consistency and seed and fertilizer spacing

of seeding-unit were increased by 19.71% and 24.26% , respectively, and the seed lateral offset

dispersion was decreased by 44.02% . The results provided a reference for the research and development

of high-speed precision seeder for “three — soybean” cultivation in raised-bed.

Key words: seeder planter; “three — soybean” cultivation in raised-bed; seedbed perfect; forced soil

backfilling; orthogonal experiment

0 3

K= B 28 WS IR 45 2 1k
P AR 28R R A B ST M B s e 7 e
1y & ST E R NE R/ =3 1), U X N L3 R
BT — U SR AR, b IE 37 5 P AT 1]
P T r 3 ~5 em ib, o K BT K Bt 3R
G007 2 = S UL SR O A
) T340 4% o 1) 265 9 7 2, e I T 940 46 76 52 1t ML A
b B sk e v o - A R [ R R G 3h R, %
Pt 20 - M8 Ui 17 2 TR e TR 5 R PR R R
I8 , P T 532 W) O 5% i 60 o — RS — ol 43 A B o o
I FL i — B4 43 B 3 1E b B 0 4 T AR A5 T R
B,

BL A7 () o K R B2 2 VR 9 28 K i L A, - 248 3
B A A TR 25 R T R e g 4 £ b
)RR B X R OR 45 R B IR R 1) B, X e R
2O Y3t T — il 32 43 2 AR T YA A, T g s
S TR B v i I A R A S AT ] B . sk
Ty kAT R AR A B B 4K [ LA
% f14 1) B8, o gk 0 o 4 J PR 3 T — A o) ol
S E G P i 9 [ %% LA
ity S R LA, R % g
BETE T — 00U 5% ol JEL 0t 24, 2 % i ) I o
SR S B A T WA E IR T ST
VAR A 22 DB R A 6 Z L R S A, B
GRS T AR T B L as sh L L K
AL A AR B B A S T Y T S
WAt T 2%, BARR %7 HF5E T A A4 b
JE R TF 10 2% 04 1 S B S A B AR B ), 9 48— Fh 2
FAAMESTT YA %, T 8 3 W L X R gk B, [
I, BARR 252020 DL - Sy T b B M HIORE B L 1 2
WA TN AEIR BT E T A 5] T 1 S460 f 0k + 98 89
Pesh A . D5 A 7 v AT LW S R AR S B A 1
YEV B 5 - etk 3. JLZE it T —Fh pi 2=
T 0 R 14 i 3l 5T v R PR A5 A B Y 7 i T
A BTV T 0 RS R RO D R E . Xk
22 T R A Sk B AR S i R B T — R4 2
i BB TV 2% , AR AL GG R TT T 7, 3 85 T b R
B A M TR RS SR R R R . AR H B

il

T BN I {85 A5 R B e A Ak (B it A 7
e A0 TP DA 235 440 52 o b — T | b — o TG O AR A T
A IWARIE

AR SO X R T 28 = A it AT T 3 4 A ol s 412 3l
M T BB IR ZE TR R 45 44, AR 0] 2 A AR b i IX HE
B - 5 U B M A 25 1 A T A Aol AR B, A 3 (]
AR AP-AE Rl 2 E] C G AR B 1), B —
i BAT (5 18 T 68 4 il PR % 2R, 00 H B8 20 A A
FIE]) A 7 %, U RS AL &, W R E R =
ARG E & R HLE S S BE S AR Al

1 ZMAERS TERE

P 1 R AT WU B 20 ol PR R B R B O R R 2 =
R A ol B 0 X B Y o R R PR 5 A R
P o A UUHE PR B T R o P ' 1% o B A B 5] 1a
s, EE RS I A A AT UAT 5 IR ALA R
HEPEE SO A T I I g HER AR BT e BN
e 3 B 2 A 5 ROURE 0 TR o P B R B 25 A 1] 1 i
s, BB ALCE AL T LA SR P
BR W R PR S A, OF B R el O A A AT, R
Uit 1) KR SRR W R RN ER RS B R o PR R
e L 1 A B R ML 5 AT DUAT (5 TR LA S 1
] 3, A i) % A TG 5 P A7 DU A BILAS B 20 1) X B
T, 1 T [ 1 ARG b LA B O 4

1 s il pR i B A B R AR A5 F R
Fig.1 Structure diagrams of seeder-unit with
seedbed prefect device

LAEI A a2, AT AT LA 3. b R # B B
4. FFIFmEE S HEFPES 6 B RE T HEKE 8. EEk
A 9. O T HLISE 10, BT 1L R E 12,3
R 13 EEIEIE 14, PR 15 BB AR

XSUHE PR 2R Ao PR RS B A R AR S B A ] 2
JIr 7R o AR i IE O ¥ 4 I e AE 78 410 3 L S Al
VIR Al FORLAE Wit FIE ke B0 A 1R v B 3
Rl b N G A rp VIR A R £ BE T - R AR E ) T



56 £~k

IR

2023 4

Tl S UL AL o it AE T 38 A% VR b i R R Az 1 3
i L SRR B BT B A AL SRR E R P LY
FRTEAR L2 MUTE |, A ol o 2 e ey D) - 98 410 2 20 7 e
i SHEAS Wi L RN WIRIEL S PN R X (R
5 R A, e R R PR N R 2B 0
SR T 1e) A AN 4 B T 8 - S 1) 38 4 5 1) A% 8 1]
S50, 5 o G I - 9 (] A R R Rl DR O B R
L

P2 b Rk 226 R 3 R
Fig.2 Principle diagrams of seedbed prefect device
LAETF A% 2. 08l L IKIR 3. VRl 4. FhOR S A B
5. SRR 6. MM AN E 7. G 8. LA
9.6 10. & LXATREEMA 11 WX S 12, 3%
BRI

2 TREEERERIT

ot R e T A 0 A R T R A - e R
BR, RST B A A PR 5 0 o DR S 2 R 0k 7
Hitfr &8s 5%t
2.1 FER

AR FE SR MK, BN TAER
A R AR /N, 52 % R A S 2
fap VX b THT H RV 738 K, FER B B, & BT
TP PG W R T RO R ORI
(AR A 22 P IR 25 h0) 4 1 — 20 B 3R, 396 P R B — 3K
PR A 5 H B AR R A R B AIG, BRI 5 B 3R 3
Fh A8 B 0 K2 (1 B A R B R 2 v B 1S 0, 5% )
FERHLY ) R M A AL B . AR BE T A 9T 4 2R
6] T M 8 B2 — i 9 200 ~ 500 mm "™ | A 30 %
FEAR 273 mm (1) J0 4% 30 45 il VE - 38 5

Tl DR 3 L 28 2 (A WAL = 8T8 A2 2 AR S AR I R
), X6 it HE 98 25 6k 5 T B MR R DR 19 ) - 456
I6] P 7% 1, PRI I Wi - o T B T b £ 8 5 A 4 1Y
KM, P K i /N2 i A5 0+ 5T 3R T A
DX 3 75 T 940 8 T4 X 3 P, 8 LU ol R 5 A i
JETF V28 T 7 T 98 B, T vk O T 1A 2 AR A B Y
P BRI, Xk 3 2805 A A TR W SE R R K i
ST B 1) (07 5 R 4 36 O S L i R B
ANEN A AR HRE K 2B T T R S,
Tl Ab By - 15 R SRR ARG, I YA 4% I S A RE R )
[F] 3 5 MR 08 0 o AR I AR b s X 28 | XA T K K2 4 vl ]

#i 4 100 ~ 150 mm, &z A L HIX 60 ~ 70 cm Fx i 28
ZBTR 5529 49 200 mm >0 e MRS U B, R SCIR
TR A S 220 mm,
2.2 T ERIF

Sy S B R R BT AR W A RO I A5 6 O
A AR B g ke e, R A R
HER AR LS8 BT R P4 G o U B8 35k [ 65 310K
GER, EELE SRR R KRR 5 KL
F o
2.2.1 WP IR AR

Tt DA e LR A 4R TP IR B 2R 5 K P 2Rk Y
M Foft A L2 A 4 9% A B o R ke /N e ik
ER A AE o R [ e RO A Rk
P Tl IR S Bl R R R, LB TR
5B SRR KT 10« Bl B E T Ry
R ST A bR R IR T VA 28 IS 28 B R T
L5KFIrm I Ml 0,00+ 8L R K R 1,
BIC I S 8 0 O R WK 3 s, @y
g+ i SRR

2
S = 7( sinacosa — tanfcos’ o) (1)

A a—— W EBIE IR 5K Ir e, (°)

¥
T3
»
(44
0
/// S/
e T R AT
VAR A S
r 4
" /7
i PR
X8

K3 W BIBIM E S W R AR OC R R FE
Fig.3 Schematic of relationship between angle of

collecting ring for soil and collecting area
Jiti N T 9 A ARl Yk Ui 2 28 A e T A R 5 K
A 0 — el 25° ~30°, 455G

ds I’(cos’a —sin’a + tanfsin(2a) )

a5 (2)
do 2

] A5 A R B L B Y IR 5K e R

58 + BE 1 B Ak

2.2.2 R HHIEIRREL K

ol R e 2B (I 1 OR 2 M E R IR S 2
B0 368 I - HE A3 A 0 52 T e R HE A A R Ol A
Jit NETF 8 2 AR B O XS KR EZ RN R T
AN R PE o 3 55 R SN IR M B SRR 22
SR, T R R U TR BRI R 2R KR A v I
TR, S ROCHR[6,17,28 R LG FhORTE AR 48
BRI TR E IR I R R K RS %, &



%13

Wi 45 REZZRIBRER I IRE L BRI 58 57

AT O 5. 4.9.9 (14,4 km/h FILA L TR
10 em BYZETT T I8 28 5 0 AR 22 57 AU AT
T8 A% L HE A 58 G £, 38 A 3 SR AL AL B AU il £k
BRI 1.2 fios .

F1 FEEETHRTEMRLEDR

Tab.1 Soil curve model of overflow at different velocities

i By /

(km+h-") T P - 9 [ 2 A A R?
5.4 y = —0.005 8x2 +2.710 0x — 156. 668 3 0.9876
9.9 y = —0.005 6x> +2.586 9x - 145.4420 0.9221
14. 4 y = —0.004 3x% +1.7753x - 34.524 4 0.9359
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Tab.2 Trench soil curve model at different velocities

I/ R

Ckn-h-1) VA 198 e R
5.4 y=0.0055x% —3.471 5x +682.313 5 0.9199
9.9 y=0.005 1x* =3.167 9x +639. 057 5 0.903 3
14. 4 y =0.004 3x% —2.707 4x +546. 643 2 0.964 3
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Tab.3 Basic physical properties of experiment field

28 A bR 25
0~5cm +HEEIKE/ % 20. 17 0.311
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5 ~10 em + 4818 52 /MPa 1.74 0. 504
0~5cm HIEATE/ (grem ™) 1.62 0.116
5~10em HIEATE/ (grem ™) 1. 64 0.185
Fft B 7 3% B /mm 6.76 1.115
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Fig.7 Field experiment site
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Tab.4 Factors and levels of experiment
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Tab.5 Experiment scheme and results
o IS RORFREEE/  RIMERSCE FPTRIRAS AR AR FifJIES 1)
A B C mm A5t RE % BIHUEE/ % RE % B %
1 1 1 1 4.37 19.92 5.69 12.42 83. 80
2 1 2 2 7.43 28.93 7. 67 11. 89 91. 01
3 1 3 3 9.82 35.25 7.16 10. 49 78.26
4 2 1 2 4.63 22.22 4.57 9.89 94. 40
5 2 2 3 8.18 31.13 6.99 8.21 77.09
6 2 3 1 5.56 14. 81 9.87 19.16 83.32
7 3 1 3 5.68 28. 64 3.96 6. 54 73.70
8 3 2 1 3.55 14.29 8.56 16. 30 82.56
9 3 3 2 6.22 17.39 7.65 13.74 87. 86
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Tab.6 Results of variance and range analysis
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Tab.7 Comparison of experiment results
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Fig.8 Comparison of seed ditch construction effect
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