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1. {41 5 Straight slide; 2. B i Power supply ; 3. BE#F AL Rotary
cultivator; 4. 23 S FE4i L Air compressor; 5. 7 il # Control box; 6. £
] 2% 1 2% B Horizontal seedling feeding device ; 7. 2 ] 3% 1 %% & Lon-
gitudinal seedling feeding device; 8. i IR 47 % % %¢ H Seedling bed
belt preparation device ;9. B #% # Pick-up mechanism.
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Fig.1 Sketch of rape substrate block
seedings transplanter
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A B 3% B IT P 43 45 44 8] Part structure diagram of transplanting
unit; B: 1 R H7 4 #5345 & Seedbed belt preparation device ; 1. {i JE %
H Profiling device; 2. 43 B 3% B Separating seedling device; 3. HL4Y
Rack; 4. 5 R H7 4 %5 2% B Seedbed belt preparation device ; 5. FE 3L
Tail plate; 6. 28 43X lff T Share-like surface; 7. i $ H Connecting
ear; 8. I JIK T Cavity bottom; 9. 43 Ml Splitter plate; 10. 1 JJ Slide
knife.
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Fig.2 Schematic diagram of continuous
seedbed belt preparer
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1. 1 2 FT B Seedling matrix block; 2. # K Seedbed ; 3. B 4% #.70
Transplanting unit; 4. ¥ PR % 4 2% 8 Seedbed belt preparation de-
vice; 5. Jig#f 3% Rotary tillage soil.
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Fig.3 Working diagram of continuous

seedbed belt preparation
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Fig.4 Schematic diagram of working forces for soil
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Fig.5 Schematic diagrams of plough surface
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Fig.6 Extrusion mechanical analysis
of plough-like surface
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Fig.7 Schematic diagram of soil particle extrusion
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1. 43I 2% 1 Separated seedling device ; 2. 12 28 1 3£ ik Rape-
seed seedling matrix block; 3. P R4 £ 45 %€ & Seedbed belt prepara-

tion device.
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Fig.8 Soil model of ditching process
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Fig.9 Sketch of blade curve
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Fig.10 Continuous seedbed belt preparer
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Fig.11 Simulation process of continuous
seedbed belt preparer
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Fig.12 Soil gully profile
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Table 1 Coding table of test factors

X,/mm X,/(m/s) X,/ (%) X,/ ()
Gt ity . . o
. Working Working Front Cutting
Code .
depth speed width edge angle
—1 40 0.4 40 60
0 50 0.5 50 65
1 60 0.6 60 70
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mE 2w, K2 Y, R HIESEER, Y, R iE AR
SR OB EMSHr. mER3TH, Y,
RS P<0.000 1, FR7m I a1 I ABE A A &8 3, P X
Xo X Xo" X5 XG0 A S 3l AR S i A
Xy X203 sh AR R e . AR R
P 20 5 19 52 i) 3 M bl R B0/ 0l Sk 1 oL B A
MR T T T . BIBRAS B E R 15 )
A I S A k03 Oy # =X (22) Fr
7N IR R AT RS B, R BT P>0.1, B
PRI T AL B

x2 REAREER
Table 2 Experimental scheme and results
Nz?j)er X, X, X, X, Y, /cm? Yo/ %
1 1 0 0 1 39.24 9.00
2 0 0 0 0 35.12 7.99
3 0 0 1 —1 21.62 13.06
4 1 0 —1 0 34.36 8.02
5 —1 —1 0 0 12.40 18.45
6 0 1 0 —1 36.80 6.94
7 1 —1 0 0 23.56 13.09
8 0 0 0 0 36.42 8.57
9 1 1 0 0 47.16 7.08
10 0 0 —1 1 24.28 10.37
11 —1 0 —1 0 17.60 8.14
12 0 —1 0 —1 18.64 18.10
13 0 1 0 1 47.70 9.33
14 0 —1 0 1 17.76 17.35
15 1 0 1 0 41.50 9.65
16 0 0 1 1 33.68 13.57
17 0 0 —1 —1 22.38 9.01
18 0 0 0 0 37.62 9.76
19 0 0 0 0 34.48 8.85
20 —1 0 0 1 28.42 16.61
21 0 1 —1 0 33.50 9.55
22 —1 1 0 0 26.70 11.21
23 —1 0 0 —1 16.84 11.59
24 0 —1 1 0 17.54 17.69
25 1 0 0 —1 26.94 7.67
26 0 0 0 0 38.92 7.80
27 0 —1 —1 0 17.16 10.78
28 —1 0 1 0 20.04 15.74
29 0 1 1 0 39.82 7.43
Y,=36.51+7.56X,+10.38X,+2.08X,+
3.99X,—4.15X,*—3.65X,—5.56 X, —4.20X,” (22)

O T 5 R E . iR 3R, Y A

A P<20.000 1, 7R M [l AR AR 3, Hodh X X,
X3 XoX5 X7 X7 18 B A8 55 0 OIS L 2 iy A 0 3,
Xy X0 X5 X XA G848 5 R BT RL  f 2  45 AR a
Xof ¥4 B AR S ZR A S i Sk R R BN R R
SREE MV R R e R T A SIBROR 3 N
F A5 30 A 5 X ) B AR S AR A Ok [mLH O AR
3 (23) fr o, FF X H e 000 R A7 K 56, 2k L0 P>
0.1, R R A RGBS .
Y,=9.04—2.27X,—3.66X,+1.77X,+0.84X,—
1.49X,X;,—2.26X,X,+0.96X,2+
2.31X,+1.75X,
2)ZHMABIT 5i5 . d 2R 3T AR R
X R B VA R MR i B R IR
FE RGN, B DR £ e R - ARG i, i
40P R 00 3 AR A S ARG o 5 2 A - 4 Il
IR N A1 VG 7 B B AR I o T i B B X R
Bl LR b KA TR S AR B A 3 IO B
JEE e A e i T 8 ) S, T i R R /D, 24 X
TR B A, X S R AR B K, R HEME RS
AR 2% REARTA YA 5 R A, SELS T A — 3K
T AR B3 3 B 5 e A B X AR S R
BOE R 0 2 R T) AR s - e i, S
WA —3. BT Ll dr, SRR BT, DL
ANt B e/ A YRR S RO B bR R, 2R
A H

(23)

40<<X,<<60
04<X,<0.6
40<<X,<<60
60X, <<70
(24)

iz F Design-Expert 8.0.6 # 4% 2 R 48 br 4347,
SRAFE M S B AL G ARV R BE 40.55 mm | i i 5
0.52 m/s B3 %6 BE 40 mm ., 7] 18 60.35°, i 5
Pesh i by 12.40 em®, I S A8 T 2 BN 8.67% . NI
UES B AR5 SR o] A7, 25 18 S B in TORS B8 K A
S5, RIS B G AR R EE 41 mm i
HEE B 0.52 m/s i S 96 B 40 mm 71 F1ff1 61°, JT @
T L5 AR AL A T T () B E , A5 2 - e 5
i Y,=13.01 em®, I S48 5 R AL Y,=8.5200 , il 2
T B T 45 SR AR AT T R i S 3 R A AR L
TSIV R R R R R EER
22 HEHEREER

Shy 1 — A B E T AT 58 5 4 R VR L PR R
T 202249 H 7 HAEAE HhfRr K2z RARAR M o i 2

min Y,( X}, X5, X5), min Y,( X, X,, X5)s.t.
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Table 3 Variance analysis

Y, $Esh i FL Disturbance area

Y, {8 i A8 S5 28 Coelficient of variation of ditch width

7522

T SEH NAST 7 92
m et e M R p e P pH
squares degree square value P value squares  degree error F value P value
error
1578 Model 2 654.65 14 189.62 20.89  <C0.0001"  357.34 14 25.52 1.13 <£0.000 1"
X, 686.45 1 686.45 75.63 < 0.000 1" 61.82 1 61.82 0.11 <20.000 1
X, 1294.18 1 129418 142,58 <C0.0001"  160.75 1 160.75 1.31 <20.000 1
X, 51.75 1 51.75 5.70 0.0316 37.70 1 37.70 0.00008  0.000 2™
X, 190.88 1 190.88 21.03 0.000 4™ 8.10 1 8.10 0.20 0.039 7
XX, 21.62 1 21.62 2.38 0.1450 0.38 1 0.38 0.23 0.6318
X X5 5.52 1 5.52 0.61 0.448 4 8.91 1 8.91 5.17 0.032 2"
XX, 0.13 1 0.13 0.014 0.906 6 3.40 1 3.40 5.65 0.1637
X, X5 8.82 1 8.82 0.97 0.3410 20.39 1 20.39 0.78 0.002 9™
XX, 34.69 1 34.69 3.82 0.0708 2.46 1 2.46 0.17 0.2315
XX, 25.81 1 25.81 2.84 0.1139 0.18 1 0.18 0.24 0.7399
X2 111.50 1 111.50 12.28 0.003 5™ 7.72 1 7.72 0.50 0.044 0
X, 86.35 1 86.35 9.51 0.008 1™ 38.47 1 38.47 0.83 0.000 2™
X,? 200.23 1 200.23 22.06 0.000 3™ 3.06 1 3.06 0.05 0.1853
X2 114.61 1 114.61 12.63 0.003 2™ 23.04 1 23.04 0.38 0.001 9™
5% 2 Residual 127.07 14 9.08 22.06 14 1.58
JAUIE Lack of fit 113.97 10 11.40 3.48 0.120 4 19.64 10 1.96 3.24 0.1340
"2 Error 13.10 4 3.28 242 4 0.61
AT Sum 2781.72 28 379.40 28

e RN M B 3, P<<0.01, *F /R g i 2%, P<<0.05. Note: * * indicates extremely significant impact, P<(0.01, * indicates signifi-

cant impact, P<<0.05.
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mm. 56 I A 4 9 KSR R 1 614.33 kPa, K
A 13.63%, HERIHLAEL S A TR IR 1004, K5 EH N
[ 5T 108 R AR A 627 i S T 58
BLER AN A EAFH] S T B AR L. i
552 18 JB/T10291—2013 /1 52 Hu B AR WL 4 4H O3
B J7 s BRI A T34 P A B A iR 64 8K, S (RAIE I
A RMERATE, 1 3 SAT R R AR EH ,2.4.6

E13 HiEts
Fig.13 Field experiment
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ARTAR TE | e B /N AL EOR IR I R £
e she G5 S R RO IR B b
DACES S Y- E FE IR (AT L A 2
UERE 25908 ag YU YIS BV (P Ry SRt U Ey e
ZS R J AR T 30T B . LRI E A
W
T=Nu:/N X 100% (25)
3(25)H s Npp FFA R T 30° BIRREL N N B bR
Wo d e Bl i i YR AR A A A AR AR 2
EAIEAR TR R s . I 2 MR s e AR e
38 50 mm IR ENE SR, B 5 W {EAR A
R THT 58 S8 o U 0 DAY R 4 2 5 O
v EATPEBEXS R , 0] A0 S T e S v R |
WSl 4 AL S R AR IR S
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SEHPR N 91.68%0 (R 4) A My XTT B R B AR T
SEBRAL R N 89.59 V0, MAL T M I VA & , 1 PR 42
B B LRI 2.00 T 43 5 BB R AT B A
BB TR R I B 5L 79.927 kPa, R A iy
AT RS HA T TR IR AT X 52 0 62.119 kPa,
R T CTT A, B PR AT 8 8 % 9 G T % 52 JEE
WM 28.7 00 o ¥R T RE AR N e A] BRI T AT
1o JEE FEAFAE , (0 T A T M U 2 1) B 4 0 iR
T, 7 B 4 3 B IS T VR T A7 S ik B F A R 1Y
R T T B 5 94 G A 55 5 JEE R 7 v R il i e

TR AR VA TR B R

B R R B 2 V) AR S R BOR 9.58 0 L - HEHR
Bl i o8 14.79 em?®, i 2C T #5898 AR 7 R BCH
11.05% . 3P sh i 4 18.69 em?. T IR B 45 5
LU AR =T VA #570 878 S R B8/ 13.3%0 . 3 Bl it
k> 20.9 %00 BT I R HEAE NG RS e
Attt Al e B v ) S el BT R S S
- 3IA By, A £ O b s sh 2 HE T A
B0 S R R . RN 25 R o,
B PR R 28 2 B T A O T R A BRI 3
B, T R TSR T R AR R

*F4 HEXELIXEER
Table 4 Results of contrast test

R EIR Py TSI TR/ U SR U WAL S R % v o VRIS /kPa
C EI . . . TS/ em . .
Type of servicing Single row Seedling Coefficient of o Tightness of ditch
. Number . - . . Solil disturbance
device seedling rate rate variation of ditch width bottom surface
KA B ! 90.69
Nursery bed belt 3 92.19 91.68 9.58 14.79 79.927
preparation device 5 92.19
2 89.06
AT
89.59 11.05 18.69 62.119
Boat type trencher 4 89.06
6 90.65

3 it #

AR FEBETT T — il 32 35 S5 B i B8 AR WL R
BEAACE WL AT R R A R R I B 1 T
BB B 5 ST B B A B R R g A, e b
e 5 R B R B HAE D) 2R B E T VR IR
Vb 2 B S et 1o i s 9 B 70 A X 3 B0
T AR S R BN S R A R OGN R IR e
TR B A R R SR

454 EDEM JFJE TR IREE ARk i et
fi o T S L 0 Ak S Bh i Y AR R R AL
S 1 U P 3 =K RIE SR A, 25 SR 1
VEMV IR BE 41 mm ARV 3 B 0.52 m/s 848X i 1wy
Ui 56 BE 40 mm 7] 1 £ 61° ISR A . Bt 2504
A F 3P Eh 8 13.01 cm? AT AR R EL8.52% .

FH [1) B o % LE R0 22 B, 2 26 Vi IR R A e
{14 5 S5 B B RS AR ML B TC B TV 2 B AR
TG, BT L ST R R 2.09 H Ay I TEAE SR
o/ 13.3%, e gl i/ 20.9 %6, T4 S T 5K
BRI 28.7 6, V8 R T 45206 Tl JE TH S AL AL R A%
X B IR AR 2R

P T T SR I o B AT A B AR 6T 1 R B 1

Vi AE IR TP R | RS BN ARk ZE0OKR T
T e X 25 S B PRI A% A e PR AR 2 SR i
28, AW A ¥ R R 15 2 B R AL T S 2k
JR R RS AL i R A L EOR
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Design and test of seedbed belt preparation device
for rapeseed substrate block transplanter

LI Xinzhi', LIAO Qingxi"*, YUAN Hua',HAN Jingxuan', WANG Lei', FU Minglian®

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment in Mid-1Lower
Yangtze River, Wuhan 430070, China;
3.Institute of Cash Crops, Yunnan Academy of Agricultural Sciences, Kunming 650000, China

Abstract A seedbed belt preparation device suitable for constructing rapeseed substrate block seed-
ling transplanters was designed based on the large cavity of the boat type furrow opener and the characteris-
tics of constructing a wide seedbed and a flat furrow bottom through the operation of the core ploughshare
furrow opener, combined with the excessive connection of the similar ploughshare surface to solve the prob-
lems of poor stability of the furrow width, low flatness of the furrow bottom, and large soil disturbance , re-
sulting in low seedling rate and high difficulty in soil covering operations in the operation of furrow opener
device of rapeseed substrate block seedling transplanter. A mechanical model for the interaction between
soil and preparation device was established. The main structural parameters for constructing a stable seed-
bed with a seedbed belt preparation device were determined. A four-factor and three-level quadratic orthog-
onal combination simulation test was conducted using EDEM and taking the operating speed, working
depth, front-end width of the brush type surface, and edge angle of blade as factors, the soil disturbance
amount and coefficient of variation of ditch width as evaluation indicators. The results of quadratic orthogo-
nal combination test showed that the soil disturbance amount and the coefficient of variation of the ditch
width was small when the working depth, the operating speed, the front-end width of the brush type sur-
face and the edge angle of blade was 41 mm, 0.52 m/s,40 mm,and 61°, respectively. The results of bench
test under the optimal parameter combination showed that the soil disturbance amount was 13.01 ecm” and
the coefficient of variation of the ditch width was 8.52%. The results of field comparative test showed that
the seedling bed equipped with the preparation device installed on the transplanting unit increased the seed-
ling rate of the substrate block by 2.09 percentage points, decreased the coefficient of variation of the ditch
width by 13.3% , reduced soil disturbance by 20.9% , and increased the compactness of the ditch bottom by
28.7% compared to the boat type opener, meeting the requirements for the construction of the rapeseed
substrate block seedling transplanter.

Keywords rapeseed; transplanter; seedbed belt preparation device; brush type surface; mechanical

transplantation
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