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Design and experiment of seed tube of seedling planter
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Abstract: [Objective] In order to improve the accuracy of mechanized seeding of Panax notoginseng,
according to the characteristics of small row spacing of P. notoginseng, a new type of seed guide tube was
studied. [Method] The mechanical model was established with and without seed guide tube, respectively. The
experiment was carried out in soil trough through the three-factor-five-level quadratic regression orthogonal
rotation combination experiment with seed release height, seeder forward speed and seed release angle as the
experimental factors, and the standard deviation of distance deviation between theoretical seeding point and

actual seeding point, and bounce rate as the experimental indexes. With Design-Expert 10.0.3 software, the
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regression equation between test factors and indexes and the mathematical model of multi-objective optimization
were established to get the best combination of seeding parameters. Under the optimal combination of
parameters, high-speed camera technology was used to obtain the seed motion trajectory, and the curve equation
of seed motion trajectory was studied by image processing technology and curve fitting method. With EDEM
software, the cross-section size of seed guide tube was simulated and analyzed, and the cross-section size was
determined. Seed guide tube was manufactured using 3D printing technology and seeding verification test was
carried out. [Result] The common factors affecting seed motion with and without the seed guide tube were
circumferential speed of seed merering device, seed release height and seed release angle. Through orthogonal
rotation combination test, the optimal combination of seeding parameters was as follows: The seed release height
was 20 cm, the seeder forward speed was 7.8 m/min and the seed release angle was 42°. Without seed guide
tube, the standard deviation of distance deviation between theoretical seeding point and actual seeding point was
51.66 mm, and the bounce rate was 72.31%. The exit and entrance cross-section sizes of the developed seed
guide tube were 26 mm X 30 mm and 26 mm X 60 mm, respectively. The verification test results showed that
after installing the new seed guide tube, the standard deviation of distance deviation between theoretical seeding
point and actual seeding point was 26.90 mm and the bounce rate was 45.20%. [ Conclusion] The new seed
guide tube satisfies the requirement of the mechanized seeding of P. notoginseng, the seeding accuracy after
installing the new seed guide tube is obviously improved. The research results provide a reference basis for the

design and field seeding application of the seed guide tube of P. notoginseng seedling seeder.
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Fig.1 Structure sketch of Panax notoginseng seedling
trough and seeding
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Fig. 2 Structure sketch of Panax notoginseng seedling planter



1

WSCRe, 85 =LA AL S M B 510 123

Vi

1 G
T rTTriririinirriy

LN AR S AR v O AR AR B L DASRAIATL AT 235 5k
HIRTT N xo FHIETT A LA EL I RN yo BHIETT FFIARFR R Og; G 4
Ty E 70, Ny NS LA XA T HISTR 70, Ns f A7 5 5 A
B EEYE ), N; BN S RE SRR, () H AT T BT
AT BRI L my Vo AR B E R IAhIE B, m/s; 0
BRI, (°); Ry J9HERN S BB AL A0 A2, m ny JHERP 2R %38, r/min;
V, B AL AT, m/ss V) T BT S R A I ) 8
P, m/s

Establish a coordinate system O, with the center of the seed just entering
the seed guide tube as the coordinate origin, the reverse direction of the
seeder’s forward speed as the positive direction of x( axis, the vertical
downward direction as positive direction of y, axis; G is seed gravity, N; N
is the support force of the straight part of the seed guide tube to the seed, N;
fis the friction between seed and seed guide tube, N; £ is the angle between
the guide tube and the horizontal line, (°); H is the height of the seed from
the seed bottom of the ditch when it leaves the seed metering device, m; ¥
is the initial velocity of the seed after it is removed from the seed metering devi-
ce, m/s; @ is the seed release angle, (°); R, is the upper hole distribution
radius on the seed metering device, m; ; is the rotation speed of the seed metering devi-
ce, r/min; V; is the initial velocity of the seed when it leaves the seed guide
tube, m/s; ¥, is the forward speed of seedling planter, m/s
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Fig.3 Force and motion analysis graph of seeds which
contact with seed guide tube wall

P EFh O AL S (V) AR, BEES Vo=2nR n,.
EMFIEFME NS, FrERET (G). X
£ (N« BERE 7 () BIAE sy nidaz s, st
I (a) A

a=gsinf—pgcosp, (1)

A, wy AFT5 S FE TR BRI R 5
3 (1) BEAT 2 IRFR 415
V=at+Vp, )

1
S| = Eaﬁ +Vot, (3)

A, VAR FIZBN BRI E L, m/s; S, AP TiE
B A B B AR T AU BE B8, ms ¢ R AT I8 Bl
I‘ETJv So

Foft 7 5 BE R WS I, RT3 AR MU xo BRI
yo il 2 NJT R B, BT U A A BE T S 1
IHE A ¢, 72 O<e<ty I, Fh7- (R3S 53 N

x(1) = B (gsinfB—pigcosP)r* + Vot} cosf3

, @
1

(@) = {5 (gsinB—pigcosB) > + Vot} sinf

=R T U SR AR B U B R R R
V=, = Xls=¢, tan, Q)

BEIS, P RIATRE S, 5 S E KRS L AHAE,
SIZLO

H X (4) 1=K (5) 7TA1L M SME N iEsh
5 3R 5P LB I A P B T HER A I 18]
T P ANIZ B R

P 7 B FF SR J5 LV, BOWIE B R A s
3l WL Rl FIi2shii o i RN

d ’2
m Y0 _ 0
dr? ©)
4y’ ’
m =m
dr? g

A xh~ yo 70 AR Rl 7 A2 BT 3 R85 AR x Bl
y 57 F RS B ER R . BOR T VR LI R 1y, £E
n<t<t, i, FpLE AR 2 P B B A

x(t) = LcosB+ Vitcos 8
. 1 2 . > (7)
y(t) = LsinB + 5gt + Vitsinf
LR
\/28(H — Lsinp) + (V;sin)? — V;sinf
1, = )

a
IS (7) FHEER () WA TLH, SRAGAP 155 M 1)
fr B 2R AR
Vi=s, =

2
1 X|t=t, — Lcosf

—g .
cosf \/VS +2(gsinB—pujgcosPB)L

+ x|;:,2 tanﬁ,

2

©)

AR Al e B~ 1 A, i 3 Mo - SIS R 0 e
(Vi m/is) N

Vi = \/ V3 +2gH - 2uu1gLcos . (10)

H 2 (7)~ (9) F (10) AT & H, 7RIS 82 Fh
T 5 SR R R R AL SR R L 5
T K B2 L F5E v B AR~ B b 2 I P ) ek 2
LR R MR . Forp B R A SR R AR R
G R0 KB S G5 0%, WA RS H S
TG 7= AR TEAR IS Sh B . 12 A E 45
SO X 2 3500 B e I RTHE T, el 7iz
ZI) B TE 1) TR 2R A 46 o (14938 20 B [ 5 o g 2 o



124 HaEg L K224 (hitp://xuebao.scau.edu.cn/zr/hnny_zr/ch/index.aspx)

43 %

T B I HEF 25 B BT B
22 ESMERMFREINHN

X J0 R A BN B, ST — AN DABER o A
P 5 R DR AL BT 32 3 9 I 1) oA g Bl E
) AR E W RNy, #IE T AR R O, Fi Tig
IS SHEWE 4 Fis.

|
I 7777

F AL A~ A BE 18 HER 358 A7 v s 9 A A R A EARE R AL AT T 2
RIS TT TR xq $IE TS Tl DA ELR) R A g BHIEDT TR AR 2R O HRY
TP BT HERR 3 I 25 VA I I 35 B, ms 17 b1 J B HERR 28 R A 4532 3
AL, m/s; O AL, (°): R'y HERN & L BSAL M A2 my ety J9
TP LT, o/min; V7 N E AR AT EE, m/s; V' Fh-T BT 50
BB, m/s; V', R VY ISP 1V, R VRS LA T

Establish a coordinate system O; with the center of the seed just separated
from seed metering device as the coordinate origin, the reverse direction of
the seeder’s forward speed as the positive direction of x; axis; the vertical
downward direction as positive direction of y axis; H'is the height of the
seed from the bottom of the ditch when it leaves the seed metering device,
m; V' is the initial movement speed of seeds after they are separated from
the seed metering device, m/s; @' is the seed release angle, (°); R’} is the
distribution radius of the upper hole on the seed metering device, m; n'; is
the rotation speed of the seed metering device, r/min; 7| is the speed of
seeds after leaving the seed guide tube, m/s; V7|, is the horizontal speed of
V', V'i, is the vertical partial velocity of V';; V', is the forward speed of
seedling planter, m/s
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Fig. 4 Structural sketch of seed motion without seed
guiding device
Tt 5~ 7E T V& L B8 P K 32 3 AT g3 i Dy R ELRTK
2 AEH,
Vi, = Vycost
Viy=Vysing’ +g1

, (11)

A, Vi T AR HE R 8 AE xSl B
FE, m/s; Vi AR AR HERR SR 1E ) BT B R
s m/s; ¢ 9RhFIZ I [, 5.

A1 (11 AT, Ay BT HERR & 5 18 3
55 BT HE R 5 IR HER 45 1) 12 3h 3 AT K
(7] I th 52 B0 B AR o

fEiB B RE A RS2 E R, sk 5%

HUPRINH B 15, 72 O<Se<ty, 5, P (RIS B HIE Ny
X' (t) = Vytcost’
1, (12)
t

Y () = Vytsing’ + 38

FER T R, M AEACT 5 S EH 2 s
), fE R BT g E BRIz s).
ol 5 — A B PR o7 B R R

’ ’ ’ 1 x,lt:t 2
V' lt=t; = X'|t=r; tan @’ + 28(‘/(,) 00839’ 5 (13)

LRI ot (R T T 5

Vi =\ V'3 +2gH", (14)

ot fioh = 55 B 55 M T RE KN O, K (14) 1T
S, o 2 Ao 2 B 94 A0SR PR AR 5 o vy FE 2 e o
N B PR SR R S v s e - gk o dd
(12) F1 (13) BT %0, P 1138 B H2E 52 Fh-7 25 TF HEFH
A5 I AT IE B | SR AN T B T HERR B S 1 iE
B[R]0 o o Fh - B FHEFR 28 B BT B
o 85 0 [ & 3ok 2 A O, T2 B I (8] 55 150 b e B A
Ko BRI, 7ETC FFE G DL T S0 Fp 18 3 B
R DR 2% AL 25 P (53] 0 B2 P v FEE RTSE R £ 2

T (7). (10). (12) F(14) A 50504 544
S ot 1) 38 ) B8 s R A5 1 (3] ) Sl BT L 4% R
JE 240 SR~ B B PRI AF T S 5 ot 5 o 25 T
(193] 3k FEE . Foft 32 ) IF [ 0 4R o A FE R B i
s SR B &I XA, I Zh LA E .
254 DL b N B E TE AR R I AR R e T2 B
TR P 2 DR 3R D HE PR 1D ) JR R L 5 o E T4
T B2

3 BMIESHIAN

K =HH EH B R TSR AT
SR IR T, SRR TAESECT
T R B AR A A b B HER A S R BT,
BEMAE TS SR L . B SR BT HER 28 IS
()32 B A RIS S LT, #8527 5 FhoRS A 1 3 56
&, AT AL .

3.1 I EH

RICTE = B A R RS IG = ik 47 . L A%
HR = E MU AL B R R B, 58 1 440 mm, LHE K
B S =GR R — 3. B = B RO
PEIRES & W S Bz, 80P A FE BT AN 1R A B 4
M 40 & ST

WIS BT Rl 7 N2 53 3 S5 1) 2 /e Sl =
LT, Mok EAAEEA 5.5~7.0 mm, T-H0E &N



1

WSCRe, 85 =LA AL S M B 510 125

a: BRG]

a: Overall structure diagram
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b: Three-dimensional diagram
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c: Physical map
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1: Seed box, 2: Seed metering device, 3: Seed pitching device, 4: Camera bracket, 5: Frame, 6: Control cabinet, 7: Transmission chain, 8: Electric motor,

9: Ground wheel
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Table 1 Seeding accuracy test factor level table
P FERLATRERE B A
K (Z))/em (Z,)/(m-min"") (Z)/(°)
level Seed release Seeder forward Seed release
height speed angle
1.682 40 10.0 45
1 36 9.2 41
0 30 8.0 35
-1 24 6.8 29
—1.682 20 6.0 25
N 6 1.2 6
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M, R AN B . 1 F A B Al
I, S bR EZE R EIRIF A Z,>Z5>Z, . ¥
P>0.1 FIBRIZR S BREY, IR R AT 77 Z 50 #1350 %
PRI 20 A v 22 1) — O e 7 A2 =X (17) B

Py =447.39-92.237, — 1.4173 + 6.29Z3 . (17

P (17) AT R PR SR, Q138 3 s, Horh
P>0.1, BURIYA B3, 3B ENE 7 FR A BT

2) PRI (P,) BRI HT: HF 3 AR, Z3 X}
BRI W 5525 e, Z, FNZ2 3SR 38 R,
HARREXBR WAL E . B F BT, f20
BRI R EWRIGF N Z,>Z,>Z,. K P>0.05 FIANE
ERZHI, FFRUGHAT T 22500, 19 3 BRI Zo0 5k
M ZREDATTFEW (18) FiR:

Py =34.56+0.27Z; +2.58Z; —0.043Z73. (18)

Xt (18) AT RIAPER K, 138 3 o, Hor
P>0.1, KAUANEZE, YL 1A 5 R UL 5 el

x2 BUPHEHEAESRSER

Table 2 Seeding accuracy test scheme and result

R ALATIE

- B I (2) BRI hREE dRBEER

o (Z) Seeder (Z3) (Py)/mm  (P,)/%

No. Seed release forwar Seed release  Standard ~ Bounce

height speed angle deviation rate

1 -1 -1 -1 82.34 79.27
2 1 -1 -1 82.79 81.67
3 -1 1 -1 96.48 80.06
4 1 1 -1 101.52 82.53
5 -1 -1 1 51.08 67.98
6 1 -1 1 56.32 79.84
7 -1 1 1 56.80 75.95
8 1 1 1 79.59 73.25
9 —-1.682 0 0 57.24 75.81
10 1.682 0 0 62.87 80.43
11 0 -1.682 0 60.04 78.79
12 0 1.682 0 104.95 83.70
13 0 0 —1.682 60.17 79.86
14 0 0 1.682 63.07 74.74
15 0 0 0 54.43 77.07
16 0 0 0 54.95 81.07
17 0 0 0 51.66 78.80
18 0 0 0 75.10 82.80
19 0 0 0 61.60 79.33
20 0 0 0 61.05 80.93
21 0 0 0 60.23 82.13
22 0 0 0 59.80 83.65
23 0 0 0 75.80 82.53

3.5 mESHMK

R B R A TGN IR Sy AT 5], RS HR A
PUEFORS I I ZOR I S HAL G Kb v 22 i /0h i
B e ME TR ARDR, 855 BRI T KA RS
BB AT
minP; (Zi~ Zy~ Z3)
minPy (Z1~ Zp~ Z3)

20cm < Z; <40cm o (19)

s.t.< 6m/min<Z; < 10 m/min

25° < Z3<45°
F| F Design-Expert 10.0.3 40 #5282 47 41

R iR, 152 e S E A& VR E 20 em. BBk
T 7.781 m/min. R E 420 BLAS bR IEZE N
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Table 3 Variance analysis of seeding accuracy test
bR Bk
IR Standard deviation Bounce rate
Source SFITHI ¥77 SFI7 R ¥77
Sum of square  Mean square P Sum of square  Mean square P
i eit] 3914.67/ 434.96/ 3.27/ 0.026 3**/ 224.35/ 24.93/ 3.89/ 0.013 5%/
Model (3 600.15) (1200.05)  (11.14) (0.000 2%*%*) (161.81) (53.94) (7.03)  (0.002 3*%*)
Z, 135.32 135.32 1.02 0.3318 34.80/ 34.80/ 5.44/ 0.036 5*/
(34.80) (34.80) (4.54) (0.046 5%)
Z, 1382.15/ 1 382.15/ 10.38/  0.006 7**/ 9.33 9.33 1.46 0.248 9
(1382.15) (1382.15)  (12.84)  (0.002*%*)
Z5 959.35/ 959.35/ 7.20/ 0.018 8*/ 90.32/ 90.32/ 14.11/ 0.002 4**/
(959.35) (959.35) (8.91)  (0.007 6*%*) (90.32) (90.32) (11.77)  (0.002 8*%*)
Z,\Z, 61.27 61.27 0.46 0.509 5 26.25 26.25 4.10 0.063 9
Z\Z3 63.51 63.51 0.48 0.502 0 2.30 2.30 0.36 0.559 2
7,7 1.88 1.88 0.014 0.907 2 0.01 0.01 0.00142 0.970 5
z 15.36 15.36 0.12 0.739 5 24.40 24.40 3.81 0.072 8
72 1263.42/ 1263.42/ 9.49/ 0.008 8**/ 0.29 0.29 0.045 0.8357
(1258.64) (1258.64)  (11.69) (0.002 9*%*)
7> 37.52 37.52 0.28 0.604 5 37.15/ 37.15/ 5.80/ 0.031 6*/
(36.70) (36.70) (4.78) (0.041 4%)
W 1731.32/ 133.18/ 83.23/ 6.40/
Residual (2 045.85) (107.68) (145.76) (7.67)
RAUTH 1 147.58/ 229.52/ 3.15/  0.0729% 46.31/ 9.26/ 2.01/ 0.181 8/
Lack of fit (1462.11) (132.92) (1.82) (0.202 1) (108.85) (9.90) (2.14) (0.144 1)
RE 583.74/ 72.97/ 36.91/ 4.61/
Pure error (583.74) (72.97) (36.91) (4.61)
A 5645.99/ 307.57/
Total (5645.99) (307.57)

DZ: BAY &L, Zy: 3EA AT R Zy: A AL 7 RATFAEP<O.05KF£2FRHE, 7 ATFEP<O00IKFEZFR
4T YO ARFARNRRBEE NG EHRATT EZH5MOER

1) Z;: Seed release height, Z,: Seeder forward speed, Z;: Seed release angle;

level, “**” indicates significant difference at P<<0.01 level; Datain “()” under

unsignificant items

51.553 mm. FAEEFE N 72.31%. N5 E 2R, Xt
SHGIAT R, BB AR R 20 om. BT HEE N
7.8 m/min. BERh A FE A 420, P FRIEZE A 51.66 mm.
FBRRA 72.31%.

4 PRI LA 5T

“3.57 WA EIR, T RFE GO R0
BeR bR UEZE AR TR SR, £ “3.57
BRSECT, @l SRR AT BUR AL B AT Fh
THIS ST RATHI T, LARAS SR St i Zk.
41 RIEWRESHH
RIS HE £ 2 g AR K 20 B, 58 AR
A B R4 5 HARTEREN 5.5~7.0 mm [

@

indicates significant difference at P<<0.05

“/n

are variance analysis result after rejecting

=7 =R AR S TIRIR SF04M
R EE A B 2 CR110 FHZ 6. Hlik. FHaR
PR IR . RIS FE A A 2 SR 7 BoR .
42 REFFE

T AR K =M T RS, RIEE A0k R
ARIZGH, R T7 (8 WM %258 B 32 FSE UL B 1K AL bR,
BRI TS R B A AU . B E R SRR A I 3%
HIE Ny 240 Mi/s, (B2 HEE AN 1 280%720, TRIUESE Sk
K, 3 2 G ER AT R M, A R I HE L 2 =
LT AR A 420, PRI G IR L, 8
FEFHLAT HER R 2 7E 7.80 m/min, 3 3% B 1A 4
() S B T, AR50 45 RIS DRATF AT S A 2 F i i o
43 HEFRE

TEHAG S EF N REETDK N 28 mm x 28 mm
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a: Z5 M
a: Structure diagram

L T RBAL: 2: FHF s G @AL— A LAHER 35 b s AR BRI A B
IKIETT TN xp HIETT W LU B ROy, filIE 7 1 Ao 57 AR A 2
Oys H NAIT BT HER 48 ) BV R A 1 5, my VI R 7B s HE R 285 )5
WIURIZ AL, m/s; 07 ABAN L (°); RY AR & L RAL A7 4%, m;
w25 %, r/min

1: High speed camera; 2: Handle stabilizer; Establish a world coordinate
system O, with the center of the seed metering device as the coordinate
origin, the horizontal positive direction as x, axis positive direction, the
vertical downward direction as positive direction of y, axis; H’’ is the height
of the seed from the bottom of the ditch when it leaves the seed metering
device, m; V' is the initial movement speed of seeds after they are separated

b: 75
b: Field test picture

from the seed metering device, m/s; " is the seed release angle, (°); R"; is
the distribution radius of the upper hole on the seed metering device, m; nf’
is the rotation speed of the seed metering device, r/min

7 EFREMEREE
Fig. 7 Installation picture of image testing instrument
RIIETT RIS R . THE IR IO KK E S
FOX R AR R KR LLERY, 38 K=B/4, it 4y
IETT TR AR T A W R 2R A FE AT 2204 5 B=28 mm,
PR IETT T MRS ) S BRI

) e

a: Bl 5t

e M S

Seed travel upper map

T T332

Seed travel lower map

b: A

result

c: UG TRALHE 25

a: Prospect map  b: Background map c: Image preprocessing d: Image segmentation e: Contour extraction

PR A R B0 5 SR, PG A /K P B S 6 B bR v R
1B Z NI 0.210 93 mm; "B B PE B SRy 118
XM 0.211 11 mm.
4.4 FHEHEEX

F4 T 7T V& PO AR A DL BT (8] Y % ¥ 9 TPG A%
A EG T 5, HORSE N 1280 B E %720 B %
A R AT TR g, SEA8 319 RisE RN =
LT TEEG . BGOSR mE 8 B,
441 BBALE X34 SR T 9, B 8a
A1 8b NPT TR EG, BEHHTH—E MR,
A A MR E . I 8 W LLE AT —
it (& 8a) A5 —Mil &R (K] 8b) Z B —E
ZEBE, ATiE Y 5 kAT AR AL, R E
o E I AT BB S T S ER I ZE SRk H FREY,
HIREE A RN N

d (x,y) = fi (x,y) = b (x,) |, (20)

R, fix, v) ART— W by, y) NS, dy, v) 2
BT — 5 15 S 22 73 45 2R

& 2, AR =BT E . R
IR B, /£ HSV 20 R V &R 5 T Nk fb
F IR ST 550 5, AR WK 8¢ Fraw. HT 2R
RORAUTE, 7R EE, %F ] 8c fi ] B b 2, 42 K]
Fr iR i 6 500 FEF 1500,

\
- \
- |

d: EG o TR

£ B AT
f: Final trajectory

e: PRI TR A

result result

B8 FhF TEHMITFIIEGLEDE

Fig. 8 Sequential image processing of seed falling trajectory sequence

442 B A AR TSR EIRE
5y T4y, AWEFIE A Otsu EREAT &S B H 18
WS BB BEAT 73 %o Otsu V202 2 TGt Rk v 5
H AR AN St R ORSRIR] 5 22, JF 3k MR 23 31
A A —FITER s i T WAL B G BR A7 7 — LE
P B 2 2 R R R A 23 1 R, 1B TR S
SEOTE AT DO AR R EATIZ IER . A
3 A SR PR I ok I RIS A . R T2 —
BRI Fr s, A 5 10 Y SR ) LR, ) AR SR
B/ B SRR s T2 K24 5 W R 3 A ) e
AH S REIFRNZY AR, (05 F AN 5K 1
FE, W] LA ORIEANM PR p 2R ASHIE Ok —E

GBIV Fy B PR e 38 et T 3 ek AR R R S AR
P AT I A K 2 5, 15 2040 1] 8d /s Rk
(RT3 B, e 2 e UG AT 5 ks A5 2
WALl 5e BE AT I (K] 8e)o Ay HET7 [ HBAR L
Fh—F 112 20 B, %) 578G B EUE T IS 2 48
PEEL, FHEUR 13 B2 1 K BOEAR, Wil 8 Fios o
443 WEME  HIGERRA TG T 4 EL
3~5 A s BT P AT IR LA,
Kl 9a s . SRJE IR G = A s R G I A AFR R 2
B RIS [F] 5% /07, f AA bR R R AT i 4, 73 31 =L
FAEH AL bR R SEPRIIE BB L. e L BRI T
AL EE 109 FiFh T BG I ULE i i 22 2 AT
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&, 133 ob FEAAILA 2k . Bl 9b AT RN, FiF
(138 shids 2 I e .

BT i 2ot T2 4R, o7 (4R AU, KRR
SRR S AT A, S AL RR ] 9¢ FTR . 72T
o e F2 b, 7 R E B 1) R S, 6 HE gk
ITHF G, KL 80% Ff 74 FH 7E X Ik —, F3 411
20% e X3 ., 111E] 9c Btz . ik 35 B 2 i
PG R, B X3k —, X H A F A TIA, H DAL
BUFI 2 F510 T 8RR AL bR b AU BRHE AL LA
£k, SUA R d 2k in1d od Fior, A E 7
A 21), A HFERINE R B R*=0.9997.

y3 = 0.063 58x3 +5.735x3 +217.2, 1)

7.8 m/min, HEFPE LN 13.7 r/min, HFHAE N
42°; N5~ B TFHERD 8 I FOA)IE N 0.138 m/s. H
X Q@D IHREB =-ER 7RIS T & M2 9e. H
T Fh 7 138 B Bk 34 i — kh 2k, £ R H
Matlab #3347 H & & i #2 4, @ Id Cure Fitting
Tool THA4H, FIH 2 WizUiEix (Polynomial approx-
imation) "1 X £ Tiz{ (Quadratic polynomial) [¥]
A & AT A . 5, 456 2 st 24T

F 2k 5 REES Wk (22), VA JEIRE RECN 0.999 5,
Vi B LA FE B i, i Ik B 2R IR S R BB JER
IS

LV Ny N B . N el 2
4 I 399 1K 3 26 il S AR AR BIL U R N Y4 =0.06194x3 +5.709x4 +217.2. (22)
120 120 ¢
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g 160 g 160
20 £ £ 180 EE1s0f  XHE
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a: &S b: ML AR c: R X5y
a: Curve fitting b: Curve fitting summary c: Falling area division
80 \ %0 -
100 N\ 100 | \
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1B\ E . \ g, 40 \
. 160] 11\ £ 5, 160 | E 5160} \
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d: X S a e: a2k (G AR HE 2 (7R f: A A Hh 2
X st AU A ML () FEE s (B i 20 il 2R
d: Regional center point fitting e: Fitting curve (blue) and ideal curve (black) f: Final fitting curve
9 HZIUEE
Fig. 9 Curve fitting chart
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SRR (KT TR T R £ R A K F AT
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ol (RO TR0 (2 A% 7 At e 3 R0 A BT RS o e A

SRR VCE BORT M Y 420, AN E N 20 cm,
FERDHLATHEHE N 7.8 m/min; 58013 B N 2 BRI
BA R (K 10a), BIE =7 =3 R ~FEY, $ b
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R [39] FRAITFE IR T 5 ABS BRI B3 Ak 2 4L, 72
EDEM BEATHIN. 2405 B, 17 45 A a M HER 4%~
JIRhF O R, o R s

b: HERP S

b: Seed metering device model

a: f Y

a: Seed model
E 10 EDEM {5E&H
Fig. 10 EDEM simulation model

V4Tt~ TE A ) i B2 S T B IR AR [ A4 bR A DR b
TR VR SR A AR AR, K0 FLARAR AT AE BRI
T 77 20 cm Kb ) AR AR 5 BRI A) AL FR 22 IS 5
PASRAS b1 0] i 22 5 07 LG RS, A A A 1)
e & el 11 B,

M 11 R CAE H, 93.3% R 185 A (i 4% 2
9 0~13 mm, HCREHERRAS H AR A A 1) R BCR
26 mm. R & 9c R0 X 0T U7 ) T
2979 30 mm, SR H A RS 3 E O 26 mmx
30 mm. FRE SRS G FALETEE T 19 Y A
J7) A0k 328 85 WAL e 1 FE T B 181G R T TR R3S A0k
FRE 9357 I045 th W S RO A Dy 420, $F0
EEN 20 em, 456 RAE T RN LG HIE,
SR ON DT R ST R BN R A i RSE Y
2 {580 26 mm x 60 mm. Jy | &GRS RE
AT (R 1) 1 et BB IR 5 A A o ) 5 20 R 4l
AT (22) FHE] OF B gk AT ik i, AR o ih 247
FEA T -

RSl 277 72 DL SR T RS, £E Solidworks H1

< wamme .

/ Fitted curve y,
'

AN Vo
E ?SOmm 26 mm

H, N }

a: SR Y

a: Seed guide tube three-dimensional diagram
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] 7.
02 2% 46 68100120 A4 5 16 18
M 15) {2 H/mm
Lateral offset
B 1 #rEamEBESS
Fig. 11 Distribution of seed lateral offset

AL SR = 4ERY (K 12a), I8 3D fTEIHAR
PSR EATIN T o SRl B R A A R
G ) ik Bk, SR A BT R T D MR A 1 v M
BRAEL I T RCR W 12b fiR, %235 35
& b2 R 12¢ fras.

SR R IR AR Ry 1K /N 5 3 o 5 53
BIIRAN =3, BRUE T SR 1) 2225 A B S5 il
LT EE Hy v 170 mm, 3 JBORE il 28 5
Hy Wit A 15 mm. ¥ SR E <3RBT =
RS . WRIGH, R “3.37 “347 —FHW+
R %A, S PR HEAT KGR, T AT 75 BT AT & 1)
JE 560 T TF Ve 28 U TR, ST R OUF I Rl R 2% A
RIEHMF AL =7, B EE
o4 20 em. FEFALATEEE B 7.8 m/min, BF0 A BN
42°, BOTFRIR E A 3 VK, FHA SARF R 13 B
3 RIGAE IR IR &5 R HE R 4 Fiow.

MR IAE RIS Ge i 45 3, bl 2 PIEB LS
T 51.66 mm B&ZE 26.90 mm, #kR T 1518 i
72.31% B& 2 45.20%, brift 22 A kR B 2 /b s GF
BIEE SR RSO0 N FE R, SRR HE )

c: PR LR RUR
b: Seed guide tube physical diagram c: Seed guide tube installation
effect diagram

b: SRS

Ry NG RINAR, mms Hy LA #hZ Bt R, mmg Hy Dy 0P h 28 =5, mm
R, is the arc radius of seed guide tube, mm; H, is the design height of fitted curve, mm; Hj is the height of transition lofting curve, mm
12 BEHEBESHE
Fig. 12 Fitting curve-shaped seed guide tube
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Fig. 13 Ditching and sowing effect

x4 HESHERMIDERARER
Table 4 Verification experiment results of seeding with
new seed guide tube

e TR FrifEZ/mm PR /%
Number of test Standard deviation Bounce rate
1 23.10 41.80
2 23.90 45.30
3 33.70 48.50
¥){H Mean 26.90 45.20
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