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Design and simulation of precision seeder for flax in
dryland ridge with plastic-film mulching

ZHOU Gang, SHI Lin-rong,ZHAO Wu-yun, XIN Shang-long, YANG Xiao-ping
(School of Mechanical and Electrical Engineering ,Gansu Agricultural University ,Lanzhou, Gansu 730070, China)

Abstract; In order to solve the problems of low seeding efficiency, poor quality, and low seedling rate of the
existing grain drilling machine and artificial seeding for flax, a precision seeder in dryland ridge plastic-film
mulched surface in arid area of northwestern China was designed. To ensure the accuracy of the lifting and descend-
ing of the dibbling wheel during the diversion and transportation of the seeder, the parallelogram linkage mechanism
and the rocker device were adopted, and the parameters of the mechanism were determined. The four-bar link profi-
ling mechanism was adopted to improve the depth consistency of the dibbling wheel, and the maximum and lower
profile amount was determined to be 89.87 mm, to verify the feasibility of profiling. In order to improve the seeding
precision of the seeder, a new seed metering device was designed. The motion of plug-in in Solidworks was used to
simulate the process of hole-forming and the effects of different slip rate (6), machine advancing speed (v) and
the depth of the indenting tool (h,) on width of hole (displacement of fixed duck-bill) were studied. The optimal
results are obtained: when =11%, v=0.5m + s™', and h, =0.03 m, the slipping of the indenting tool was small
and it was not easy to produce the film-picking and tearing-film.

Keywords : precision seeder; flax; ridge; mechanism parameter; indenting tool
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1. Hood; 2. Walking stick; 3. Dibbling wheel; 4. Profiling mechanism; 5. Hitch frame; 6. Trailing wheel; 7. Front wheel; 8. Body frame;

9. Electric putter; 10. Power pack; 11. Battery; 12. Lifting control button; 13. Start control button; 14. Lifting device
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Fig.1 The machine structure of the precision flax seeder in dryland ridge plastic-film mulched surface
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1. Large ridge; 2.Small ridge; 3.Plastic-film; 4. Flax
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Fig. 2 The agronomy diagram of the precision flax seeder

in dryland ridge plastic-film mulched surface
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Table 1 The main technical parameters of the precision flax

seeder in dryland ridge plastic-film surface
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Parameter Numerical value
LIt EE K Battery voltage/V 24
4 4% Front wheel diameter/mm 400
FRIBL Seeds per bunch/ i 8~12
YV Operational speed/(mm - s™') 500

SMERGE (KX BExi0)

Outline size( lengthxwidthxheight) /mm 1440x840x770
N HEH B A% Dibbling wheel diameter/mm 302
178 Row spacing/mm 400
FEFIVRE Planting depth/em 3~5
FRHE Plant spacing/cm 10~15
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1. Lifting rod; 2. Rocking bar; 3. Electric putter;

4. Fixed plate; 5. Fixed frame; 6. Traction rod
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Fig.3 Lifting mechanism
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. e (2)
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KRR HILLL CD WK EE ¢ Jtk, IF i

m=a/c
n=>b/e (3)
=d/c

¥ (3) A (2) g,
cosB = P,cosa + P cos(B — ) + P, (4)

=, P, =m/p

P():m,

2B, :CD BB EAAX T x I 58, : CD Ui
B3 B REF RS IT I (0 = 1,2,3+) 5hy B 5 2 IO TR T
BEES by E 5 x AR EIERS

Note:, : The angle between the first position of the CD and
the x axis; B, : The corresponding angular displacement sequence
of CD along the counter clockwise direction (i = 1,2,3,+) 3 h, :
The vertical distance between E’ and x axis; h,: The vertical
distance between £ and x axis.

B4 RNERRASESDCHAEXR
Fig.4 The relationship between the height of the dibbling
wheel and the angle of the DC bar
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Note; a: AB length; b: BC length; c; CD length; d:
AD length; «: The angle of the i position of AB(AB') is

relative to the x axis; «;: The angle between the first
position of the AB and the x axis; a,;: The corresponding
angular displacement sequence of AB along the counter
clockwise direction (¢ = 1,2,3,--+); B: The angle of the i
position of CD(C'D) is relative to the x axis; 8: The angle
between the B’C’ and the horizontal direction.
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Fig.5 Parallelogram linkage mechanism
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+ Pieos[(B, +B)) — (e, +a) | + P,
cos(B,; +B,) = Pycos(ay; + ;)

+Pcos[(B; +B8,) - (a; +a,)] +P,
ZE LRI Al @ = 276 mm,b = 45 mm,d =
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(5)

L W EAESE a =90 mm, b = 176 mm,c =221 mm,
6, =59°,0, = 10°,0, = 4°, /1 (5) XA15.0, = 22°,0,
= 0.5°,b, = 182 mm, BPRLHEAF 4Rt s=b,-b=
6 mm,
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Note: a: AC length; b: BC length; c: AB length; 6, : The

angle between AB and BC; 6, : The angle between the first posi-
tion of the AB and the x' axis; 6;: The angle between the first
position of the AC and the y axis; 6,: The angle between AC and
AC'; 65 The angle between BC and BC'.
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Fig.6  Rocker device
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1. Lift the traction anchor; 2. Horizontal bar;

3. Frame traction fixed plate; 4. Frame;
5. Longitudinal bar; 6. Limit frame; 7. Pin
7 HEFAEHM

Fig.7 Four-bar link profiling mechanism
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BTk 90 mm, 2 SCHR W, AE5 1A o AT EGE
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oA o T PG b b DX AR SRR I PG b b X AT R
FH [) A 3 B2 K, T A E S8 o = 0°, ¢, = 15°, 0,
=15°, o' = 15°, WL AR OFEAT K E L 572
HOTE AR b M,

h
:sina, + sin(a + a,) (8)
h' = Lsina’

H(8) 48 L ~ 347.49 mm, M HLE T LR
& HUL =347 mm, B LIERA(6) b, 7115 b, =
89.87 mm,h, = 89.87 mm, Bl FA5IE& b, A1 P57
i, W REDTE RS N80 ~ 120 mm BoR ;B ML =
89.81 mm, it /£ ZE 4 IE M 80 ~ 120 mm AYEER
BPEC A" = 90 mm,

5 BB T T I R R A e S
HPEAT IR Z (] IR L, = 150 mm, GAFFJ b i 4%
AR, PTG 1) B 2 s 352 ) 2 56 1Y
FE e, SRR 1) BE RS A /), T EOHR R A ) 18
B R LS I B R R K, S ETEAL

B
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Note: B'C’: The maximum position of the amount of upward
profiling on the BC; B"C"; The maximum position of the amount of
downward profiling on the BC; a:Traction angle of profiling mech-
anism; o, : Upward profile traction angle; oa,: Downward
profiling angle
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Fig.8 The profiling parameters of four-bar links on

upward and downward
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1. Fixed duck-bill; 2. Spring; 3. Indenting tool fixed plate;
4. Gaskets; 5. Active duck-bill; 6. Axle bushing; 7. Axle;
8. Introduction device; 9. Seed metering device; 10. Dynamic plate
9 NERLEH

Fig.9 Dibbling wheel structure
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R, =R

ol
o, = arcsin —
2R (9)

%, =R'O =R, [1 —cos(6 —a,) ] +AS
y, =R +h — R,sin(0 — a,)
KR, A B GER T O AIE RS s, 1A BB R
RPOELS y BRI 1 BUNER B 50 X
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DAYV
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1. Seed metering device; 2. Seed metering groove; 3. Guide groove a;

4. Baffle b; 5. Pilot; 6. Guide groove b; 7. Baffle a
B10 ExE
Fig.10 Seed metering device
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Note: R: The radius of dibbling wheel; R": Actual rolling
radius of dibbling wheel; h: Length of the indenting tool; a:
The angle between the connection to the center of dibbling
wheel and the y axis; a’: The angle between the movable flap
AB and the fixed flap BC.

B 11 RUTEE
Fig.11 The schematic of indenting tool
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Fcosy - F, = A BRI R m SRR T 0 7K R
F, + Fsiny =G (13) M . 7B 0 VLA HE B E b o A LR
F,=pF, B R, 7 H U B R RS e Tt 4 B
a =R’ Fra(14) WA (13) Hlfs.

do, o1 -) (o o(1 - 6)

_dt(l 5)_RH—h1 (14) F, = (ﬂ+c0wj{Gcoty— mR’ l: h, } } (15)

5 = (15) mT %0, ﬂ?%?‘%iﬁﬂﬁﬁ’ﬂﬁ?‘??ﬁﬂ@jﬁd

TE: G ARAE TS Fy SR T7 5 F e R 8 5 I B R4
J15F G 15 F o F 78 x ST S3 015 F ) o F 78 y J7 B B43
I35y 851 )15 « W I,

Note:G: Dibbling wheel gravity; Fy: Pressure; F,: The
frictional force of dibbling wheel and plastic-film; F'; Traction
force; F,: The force of F in the direction of x; F : The force

of F in the direction of ¥; y: The angle between the traction

force and the x axis.
12 REBERZFHE
Fig.12  The force diagram of dibbling wheel
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A Solidworks motion H, 7E45 BELITH R, B JGiX B /X
RS O R w0 BE R S8, LURIE 7R AR A
R R I E S8, T AE Solidworks motion
A PR RS 3 YA AR (RS ZR B0
AR AT R M R R
o, I AFRATTRE FIAAA R AR HJE7E Solidworks motion
AL R EE RO, T LA B AR R (14) K
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Table 3 Simulation scheme and result of dibbling wheel

BHLEE o/ (m - s7)

TARRAHE w/(° - 57" LIERE (EERSMEA T LEERS ) /mm

The width of hole ( The distance of fixed
duck-bill get into and out of the soil)

The angular velocity of

dibbling wheel

WHHE /% . AL hy/m
The slip rate The velocny' of The depth of soil
whole machine
0 0.180 0.030
0 0.180 0.040
0 0.180 0.050
0 0.320 0.030
0 0.320 0.040
0 0.320 0.050
0 0.500 0.030
0 0.500 0.040
0 0.500 0.050
4 0.180 0.030
4 0.180 0.040
4 0.180 0.050
4 0.320 0.030
4 0.320 0.040
4 0.320 0.050
4 0.500 0.030
4 0.500 0.040
4 0.500 0.050
11 0.180 0.030
11 0.180 0.040
11 0.180 0.050
11 0.320 0.030
11 0.320 0.040
11 0.320 0.050
11 0.500 0.030
11 0.500 0.040
11 0.500 0.050

56.98 20
60.48 32
64.09 45
101.35 20
107.25 32
113.96 44
158.33 20
167.62 32
178.05 45
54.75 12
57.90 23
61.51 35
97.28 12
102.96 23
109.38 35
152.03 12
160.91 23
170.89 35
50.73

53.71 5
57.03 17
90.17

95.45

101.41 17
140.90

149.16

158.46 17
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FR G B E s A 25 5 (32 2) , I A et
B R 1%, BLEE R 0.5 m - 7', A
FIREH 0.03 m, 7R A R 140.90 © - 57
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SURB ST AN 13 s, R B B s x Ry
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Fig.13  The trajectory of the B point
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