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Design and Experiment of Two-way Progressive Seedling Feeding for
Rape Substrate Transplanters

HU Qiaolei'> YUAN Jiacheng'® LI Xinzhi'®> WANG Lei'”> ZHANG Qingsong'® LIAO Qingxi'"
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agricuture and Rural Affairs, Wuhan 430070, China)

Abstract; In order to solve the problem that the rape transplanter is mainly semi-automatic and lacks the
seedling feeding device matching with the substrate block seedling separating mechanism, a two-way
progressive seedling feeding device for rape substrate transplanter was designed. The working process of
the seedling delivery device was described, the mechanical properties of the substrate block were
measured , the working parameters of the stable transportation of the substrate block were determined, and
the kinematic models of the lateral progressive seedling delivery stage and the longitudinal continuous
seedling delivery stage were constructed. The single factor experiment and three factor three level
quadratic orthogonal combination experiment were carried out with the bottom height of seedling frame,
the height of upper guide rod, the longitudinal seedling delivery speed as the factors, the synchronization
rate of seedling delivery and the success rate of seedling delivery as the evaluation indexes. The results of
single factor test showed that when the bottom height of seedling frame was 5 ~25 mm, the height of
upper guide rod was 45 ~55 mm, and the longitudinal seedling feeding speed was 80 ~ 140 mm/s, the
seedling feeding effect was better. The results of quadratic orthogonal combination test showed that when
the bottom height of seedling frame was 10. 7 mm, the height of upper guide rod was 50. 0 mm, and the
longitudinal seedling delivery speed was 140.0 mm/s, the seedling delivery synchronization rate was
94.54% , and the success rate of seedling delivery was 93.13% . The results of field verification test
showed that the seedling delivery synchronization rate was 92.20% , and the success rate of seedling
delivery was 88.30% , which met the requirements of rape transplanter. The research result can provide
a reference for the structural improvement of the transplanter.
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Tab.1 Main technical parameters and performance
indicators of rapeseed substrate seedling transplanter
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Fig.3 Work schematic of seedling feeding device
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Fig.5 Diagram of force and deformation of rapeseed

substrate block seedlings during plate compression
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Fig. 10 Effect of seedling frame bottom height on success

rate and synchronization rate of seedling delivery
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Fig. 11  Effect of height of upper guide rod on success

rate and synchronization rate of seedling deliver
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1 25 55 140

3.2.2 AmeE RS0
HRm TR HERWE3 iR, X, X, X, 8A
ZE A E

®3 HRBRAREER

Tab.3 Experimental scheme and results

T — P
o X, X, X, T R 25 3% WU AR
%/ % 2/ %
1 -1 -1 0 90. 64 91.42
2 1 -1 0 91.42 89. 86
3 -1 1 0 91. 42 91. 42
4 1 1 0 90. 64 88. 30
5 -1 0 -1 91.42 91.42
6 1 0 -1 90. 64 91.42
7 -1 0 1 94. 54 92.98
8 1 0 1 92.98 89. 08
9 0 -1 -1 91.32 91.42
10 0 1 -1 90. 64 90. 64
11 0 -1 1 93.76 91.42
12 0 1 1 93.76 90. 30
13 0 0 0 93.76 93.76
14 0 0 0 93.76 94. 54
15 0 0 0 93.76 93.76
16 0 0 0 92.20 93.76
17 0 0 0 92.20 94. 54
BT B B , dE Sr R W R AR Y, R U K
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DAY, FIBHENG & X, BT B2 X, 9N 1) % v e
N EA v E cTIEL:Sib)
Y, =93. 14 -0.29X, -0. 085X, +1.38X, —0. 39X, X, -
0.2X,X; +0. 17X,X, - 1. 04X} — 1. 07X; +0. 3X;
Y, =94.07 —1. 07X, —0.43X, -0. 14X, -0. 39X, X, —

0.98X,X, —0.085X,X, —1.77X; —=2.05X —1.08X.

A3 Br R B (3% 4) , 3% B W) 20 23 R0 36 B AR
Ty 2 ] 452 780 34 58 2] i 0K SF- (P < 0.05) , K B i%
AR B GE 20 5 S R 403 P > 0. 05, R IR
AEHMZms R R, R (9) 46 24500
ELIEC IS OB TGRS AL TE I GO G 8 ]
Wl R0 B %X, X, X, X, & X XS XS X% B

(9) [P RIES AL S TE
k4 FAEDW
Tab.4 Variance analysis
5 R R L& 3% U BB
R B ¥y 2% F P R H BE Y5 2% F P

1LY 26. 8 9 2.98 5.69 0.016* 54.94 9 6.10 50. 59 <0.0001**
X, 0.68 1 0. 68 1.31 0.290 4 9.20 1 9.20 76. 25 <0.000 1"
X, 0.06 1 0. 06 0.11 0.749 4 1.50 1 1.50 12. 40 0.009 7 **
X, 15.18 1 15.18 29 0.001 ** 0.16 1 0.16 1.30 0.2918
X, X, 0.61 1 0. 61 1.16 0.3167 0.61 1 0.61 5.04 0.0596
X, X, 0.15 1 0.15 0.29 0. 606 5 3.80 1 3.80 31.51 0. 000 8 **
X, X, 0.12 1 0.12 0.22 0.6527 0. 029 1 0. 029 0.24 0.6395
X3 4.56 1 4.56 8.71 0.0214" 13.21 1 13.21 109.43  <0.0001*
X3 4.78 1 4.78 9.13 0.0193" 17.71 1 17.71 146.76  <0.0001 "
X3 0.38 1 0.38 0.72 0.4237 4.87 1 4.87 40. 39 0. 000 4 ™
e 4l 0.74 3 0.25 0.34 0.799 3 0.11 3 0.038 0.21 0.8851
PR 2.92 4 0.73 0.73 4 0.18
Javill 30. 46 16 55.79 16

e wx FoR R (P <0.01), + LR (0.01<P<0.05),

3.3 SHMAURREIE

I 4 A] 1, A TR R IS R R % R ) R
LS T AN £ B Rl G/l o (N R B S i PO R VA o
THE B S HE 4 S A B 28 8 TN B RE IS i R
PR, 9 i 06 P 2R R o B AR BB R, B I K 1 AL
SRR b A v BN 26 IR R R R A 2 1K
Kb B AP AR B S B R, w5 v
001580 300 52 5 A1 T A6 T RE X6 [R5 R e A B
T P LAY A ek R RE T D IO R R R
T BE A 2BCR 4R e O 1 2K 1 R T — o PR g 0K
ICIE R EPES2s 2 T PR €218 ke o . (1959111
HRIE, SRR R WL e o —%., T Lk
IIHT AR TAES 8, S B IR 3R (8] 2 8005 B DL T 2
R S R NSy

LER A BRI A L S BB R,
SRR EO N S L)
Y, =maxF (X, ,X,,X,)
Y, =maxF (X, ,X,,X,)

-1=<X =1 (10)

s.t. | —1=sX, =<1

—1<Xx, <1
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BT SRAF A 3% B 280 6 BAE I 5 10. 67 mm
S AT B R 49. 97 mm QA7) 15 7 B 140. 00 mm/s
I 2% B[] A Rl 94.83% | 14 BT W 3 R K
93.41% ,

R B UE S B A EE BT AT, B B AL AS 5L bR
TAERE, R BEME T S BAE R MK &
10. 7 mm | | 5 FF /&5 £ 50.0 mm 9\ i) 2% 1 R
140. 0 mm/'s , FF Ji I 3 J& T He 1 36 01 65 A3 30 500
UE, XRS5 R E AR W R P Y, =94.54% ,
PEECH T R Y, =93, 13% , iR 56 25 5 5 336 151 )
{ELZ5 SR A , e i =5 5 o B i B8 AR AL 2 1l e

4 HEHRE

o B UE ) 3 56 AR, 2020 4F 10 A Hf) T AR
Al A 2 BAR AR A % 3 5 A7 5 (BT 13)
TR0 0 A+ 4 R ST 1837, 62 kPa KR Ny
18.58% , ik F 2wyt /R 1054 RUHHi AL, 76 Ml 76 S5 K
0.72 ~0.90 km/h, % B HHEE & N 10.7 mm ., | S
FFi BE 4 50. 0 mm i) 2% 1 3 BE 4 140.0 mm/s,,
RIS % JB/T 10291—2013 ( H 4 4% H AL ) T F
AL A SR 50 Ty ik, R BUE S 16 FE b s
RAEFEAR S, MAT IR 4 413t 64 pk, XK 56 45 SR 1K
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Fig. 13

Field experiment

5 it

(1) B T — o0y 28 2 X3l i 2 ot Bk 4 % A%
PLIA WA B, A TR B TSR, E T
TS P A R ) e R W E TR A R R B

HE o B RS E f ik W TAE S 4L

(2) W5 T ¥ 3 28 1 56 BT P 5 25 b4 Rk ) ) e AR
BEVEC W e 1T Kol R ik 0 oy 92,24 N #R 4l B
TN e S 288 1 R T Bk ) 2 Rk S Wy PR SR, TR
25 By B3 R BT Y AR PR 4 A, AR IO R
50 #k/ (47 -min) fHALT PR T HHEIR = L L AT
JEE G 1] 6 B R 36 1 TR 20 3006 RO R ) 3 5
(5 PR 2R R, i T BT IR S Y LY S ~ 25 mm
AT B 45 ~ 55 mm (G ] 2% R
A 80 ~ 140 mm/s

(3) bt 7 3% o B b ) 3B HE 2% 1 B B RN
G\ ) % S22k W B Be Gz sh 2 AR O R T RE IR
[N R S =0 A N B 9 O Sl P 2 NS
HUH BT 5 m i = &R =K R IER 4 AR
B SRR HAE K = o 10, 7 mm | B SR AT REN
50.0 mm 2 7] 3% T 3 F N 140. 0 mm/s B 325 B &K
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