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Design and experiment on anti-blocking and furrowing unit of no-till
maize seeder equipped with a micro tillage machine

CHENG Xijun, ZHU Huibin, BAI Lizhen, GUO Zihao, WANG jie, AN Ran, CAO Kegao
(Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: [Objective] To design a disc-cutter type no-till maize seeder equipped with a micro tillage
machine, and solve the problems that the no-till seeder has difficulties in passing through the field and has
unsatisfactory seeding quality in the southwest area of China with heavy clay soil and relatively small field
area. [Method] Disc knife and walking device with depth wheel were applied to break stubble and ditch, limit
depth and prevent skidding. The effects of flat, corrugated and notched disc knife operations on stubble
breaking, traction resistance and fuel consumption were investigated. Soil cut with three types of cutting discs
was simulated by LS-DYNA and the key parameters were designed. [Result] The field test showed that the
soil disturbance quantity and fuel consumption of the no-tillage seeder equipped with flat cutting disc were
about 4.03% and 14.64% lower than those of the corrugated type, respectively, and 1.15% and 7.51% lower than
those of the notched type. The traction resistance reached the minimum value of 1.2 kN at the speed of 0.54
m-s . The qualified rates of seeding and fertilizing depth with three types of cutting discs were above 85% and

the qualified index of seed spacing was 90.3%. [Conclusion] This study provide the design basis for the no-
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tillage seeder with disc cutter in the southwest of China.

Key words: no-till seeder; conservation tillage; walking device with depth wheel; anti blocking device; LS-DYNA
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Fig.1 Structural sketch of disc-cutting type maize no-till seeder driven by micro tillage machine
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Fig.3 Schematic diagram of depth wheel with stubble breaking and anti blocking function

http://xuebao.scau.edu.cn



108 oW ok W K ¥ %

539 &

: " )
\ X \
| 0 1 'III . 0.
| ™ : ﬁ, | ;'\_I é . . )
’.'___« i / : Al
) A i S T\ \ ND/} | o S0/ |
L . Cxen h L - _C\‘-ﬂ:? h L | C!-;‘LAD h
f i R O | -4 ] g
a: | BeYlaE b: 11 Bt V)% c:lIEYIE

4 EBEIELE
Fig.4 The stubble cutting process by disc knife

—R(sin_l V2RL-L2-vt+d
- R

S1

» \/ZR(L—h)—(L—h)Z]
n
R ,

I I
D r< L2y, 4)
v v

Vﬂifﬁ—¢mu—m—@—m2
v

X, RS TR KIE, mm; L ATIE AN IR
B, mm; 0 AT ARTE 8 U1 ) 5 SRk
1, (°): B RBTTITI TV SIRFEE R, O):d N
FEVA BB, mms v MR TI VI, mes s ¢ IR
ﬂ%%ﬁﬁ%%ﬁﬁwﬂ&%ﬂﬁﬂicﬁD%
RIS, mm; b AARTE R, mm; o N[BT
AR T (1 8Y Y1) 7 5 J1 7] V) B 2T 46 i 1 9 A
(°)s lep AR T E C 5 D WA 2 K, mm;
T AR TIVIBR AR L 1], s
2.3 WEZERERE

[ 4% 7] 55 BRI HC AT 28 3 B 1 25 A T DAY W i
Py B RS FT SARZE, B DI RS AT 5 AR 3
FE N AR FE PPN, SR P AT 10 8 it 1 47 Py X 3 7
a5, FLREAE R AT 5] M AR E AR, (R
A X153 A P [ 9 e 7 i - R AR, Ak A
B0 7] 10 R DI EIFE AT ISR AE . TR AW E
RE V8 V8 5 B, HLER ST TE AR 5 T 7K~ 28 1)
Je i, VR RS (o) N s KT 56 B, et

T

®)

B p=60°, W AE I I (0) N 14°, AT HR
(D) 2~ 510 mm, "] iHEHFE R (d) 9 31 mm.
2.4 HeFp. HEBEES
241 FRAEXBAE FREAEEHMEE
BEAT R I S BEHE AR AR O . 7R 2 At B A A
N, JE T PR B AR AL 2 A 3 KA S ELAT PR
P BEAE, AT B3 MRS e M R B S M 2 50 1tk
ZHERR AR B HES 12 17, BAT 6 I E R, &
KA IR B AR T, s AR A A v TR
T3 T P = [ T2 A R, BN B IR, 55 E
RS54 12,10 5 8 mm.
242 HALHle s ALK K GB/T 9478—
2005 DDA /AR J5 16 VT HERb | HEE v] 5 14
HHEERE AT, 156 0L 5 R HERE M
RE N2 M, 4242 3 GO ATLAE b dok e s X 5 3 46
30 B9 1 R, Heid Sk HE o A AR B, SR AR
ITHEF S HEAE f — 2 e R 8 S A S HEE &
o AR 7 R4, H SR E(EY AT . e 4
RUER 1.2 2 Prom. AR (R 1.K 2) WAL %147
Hewh HERE & — B AR 5 R AR 2B 53 718 0.85%
F12.36%, /NTHRAEZER 1) 3.20% FT 13.00%; &4
B HEIE AR E MR S R N 0.67% AT 1.46%,
INTFARHEE SR 1.10% 1 7.80%. 74, BEHLEEL
B RIS 2S5 & HERR 28 B KR 200 KL ik
B 10 U, THE AT i i HEh 28 HE B i K71
R IME N 0.38%, (K TATIARAERT 0.50%, #5467
A b X AR 2R

*1 HpEEtERE

Table 1 Performance of seed metering device
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2 364.32 362.47 365.69 359.84 358.12 362.09  3.12 0.86
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Table 2 Performance of fertilizer distributor

ETTE S et
R F R P HE B
5] RIS/ A5 5 2% A5 E K%
. 2 3 4 s PWE bR S REES S bR
1 238929 2343.01 241536 242258 2317.88 2377.62 45.69 1.92

2 221274 227491

2337.07 231294 2382.61 2304.05

<13.00 1.46 <7.80

64.28 2.79

3 BEENVERIIENGES

PRI R FH AT B Hr A2 71 24 W 90 9 FH S 48 A
N 5] (1% B 2R AR 1, R4 i B AR S IR A B
Dy TR R AE T EBAER, 05 A E 5L
W B SIS N FH 72 B, R AR RO AL
BTS2 I 0,
3.1 MEXI D R FR R E

it ANSYS/LS-DYNA EoR5h /72 Hr ik
L LS-PREPOST Ji5 Ab R 28 X% 3 A [F] S5 284 11y [ 4
TV S AR AT B A 7 B i [ A T Y
B AR R BN Sy L, T AR R A ) 7E V) E R 1 A7

a: “FTH A 45 ) k) 1 4%

[ NIk wakY) EAIR e

.\ 52 77, MGV FS AL b i R KN ) Bk
A B

X3 b 2 A [ A T RN I AT KA I 4y
(K 5), IRV XA TR A RSN 5.39 mm,
HA RN 7.18 mm, [H# J]FEA RSN 4.98 mm.
[ B SCIG 28 7] 5 A 35 P 4l 288 R Ay TG TR AR el 4
filt (ESTS), 1% Hefih 345 24 L e R 1 F e =R A 2K
BT, Redk 2 59 T 0 o0 K AR i, B A% )

29 b R AR BT A [ BT 3 R U i
A I A% LT 8 5 SR TE S A 32 R A AU TE BR K
unt:

c: WAURA AL TTUIF] + 3

B 5 REMELIS
Fig. 5 Grid partition of model

PARHE DL K AR ML AT E TR 5 kme-h! D9 et 2
K, BB ER A 100 mm, 7737 A5 X 607
6]~ 1AT, € Bl ) AT HEE 7=1.39 m-s ™', £ 3R [A
BTV X 7 a 3 UL Y I s
H R, 2 E B ARV AR T i R AR A U [
REIIV) L RIABE L () PTH% T 5

Vv
w = E, (6)
2 (6) A1 1%, o N 5.45rad's ™'

32 HE4R

DA e H0 30 & [ A ) E) 438 5 AR X 35
HARARACIR B Dy H Ax, DL SR #E 7T B, o A
S BES ]S AR (B 6). M 6 1]
PLENIE , P AU A T AE V) 1 485 75 oo 33 40
B, PIENS RS, R W B 3 AR A5 A 1)
IR

http://xuebao.scau.edu.cn

a: 1=0.026 99 s b: =0.056 999 s

d: =0.12 s

c: =0.09 s
6 RYERTIVIEITIEAELER

Fig. 6 Simulation result of soil cutting with corrugated
disc knife



110 AT TEEE:

39 %

Bl 7. B8 oy AR R 3 Bl A [F) 2R 2 [ 4 T) 1)

B LBEREFRZME RN Z WA

B, Hod Z #loy Moo A ) U B IR . WA

JIHT B (B 7) v, SPT R0S R SCE B T

5N 351.81.406.99 F1 747.18 N,

1M H 3 AR B J] Z #oy ) R R AR R () 8)

AJ A5 2 H IV R B VS LN 92.7~96.4 mm, H

o, B GURA T) A B K, RS IR,
P TH [ 48 T) 5/ o

LS-DYNA
400 S
350L & Bf‘ﬁ.ﬁﬂ

300
Z 00 “\’ L
e D

=~ 150t
w ‘nﬂ\' |.\ b IF Ll

oo W|= _
soft 14
|I I|| .l| I lll| i |“
0.02  0.04 0% 0% 0.10 0.12 0.14
t/s

=]

500 : b: GO T LS-DYNA
2 300¢ ‘ [ | “ ‘

200 | |

10(; 'J“ ihl|||||\ Hh |||I‘\|U||\I |l‘|hlﬂ[rl |d| ” Mq |'|

0.02 0.04 006 0.08 0.10 012 0.14
t/s

LS-DYNA
800

c: WAL )
600 “

bl

il ]]l‘h{
0[h“.||”rﬂ‘ IHlI () |

0.02 0.04 006 0.08 010 0.12 0.14
t/s

E7 3MEBERTIEN
Fig. 7 The resultant forces of three different types of disc
knives

4 MBI

4.1 IRIGHIER

2017 4 5 A/E BRI TR ZERIHEHHE R
HEAT 7 H (ARG o 056 b oA — 4 — B K,
A ZEAE VAT BB S5 4K B 73 514 600, 400 mm . F5HT 78
N 2.0 kg-m?, LEEFIH N L, 7R 0~5,
5~10- 10~15 F1 15~20 cm A& K E (w) 23518
30.46%- 33.98%- 35.92% £ 36.32%, T IEAFE ST
438 1.31,1.32, 1.35 Al 1.38 grem ™ RIGH FoK
A ‘@R 168 57, #EMEN 42 kg'hm?, £oK

%n 400 |-
59

20

(=]

a: “FIH A )
t=0.569 99 s

oSS PN IR S
181.60 mm

b: B R £ T)
t=0.569 99 s
vzt RS Z A g/mm
181.72 mm 109. 03:|
36.34"
-36.34
—109.03
*181.72]
c WALRIAELT)
t=0.569 99 s =
vt RS Z e = Symm
181.77 mm 109.05]

B 36320
~ | —36.40-

—109.13
fAm&]

8 TR ZHHENEER

Fig. 8 Simulation result of soil deformation at Z-axis

REFER 94%, FREE T AT R E A 335.66 g, 7K
B (w) N3.71%. I A, B MR ElA
11101 EANE, AW E 360 kg, MHHLAL 5N
=3 EWG6.5, BEE3) /15 6.5 kW,
42 RIWFFE
TRIE X G B3R FOAL 0 1 b5 Bl IR S AL

L o SRR AT A I, TS OCER[34-37], FRAE
Fi CTM—2004F 7544 i 125 A IRAX 53 R
HUBRZ I 3 A [ 24 2 1 [ 28 70 2 6K Bk %
MU FEHEAT K. 55 4h, 358 L SH-20K 24 4k

B BB AR T AR, s 22.1 kW
S SR HLIENE T4 (0.54 m-s ') 12 114
(1.12 m-s™), BB III4Y (2.31 m-s™") %6 HisE R 32 5]
WHHLECENLETE S R A2 5] BHT
43 RWERSHH
4.3.1 F3lmAmaX  ARFFFLL 3 PR IS
FVEEALAE 38 B2 R I8 e i (R R, ARAE B HLIE L
MR £ TOU E RI KT o N T VPR b e
B 2 5 /K5t 42 5] B 2 g s, LT T 9 UGk
5, M ST 3 O, BOLPFIME, KT RS
SR WA 3,

http://xuebao.scau.edu.cn



B 4 ]

J% 2D %, S SRR B K e BB R LB 3T 18 3 it 5 il 111

x3 HEAFRRER
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Table 4 The seeding and fertilizing depths of three types of disc knives in the stubble field

B T 5 H PR /mm Rl W ERRE%
SCIME ARAE(ESY STIUME pRdREDY
PSR Fh TR 3821 30~50 89.3 =75 4.82 8.06
RERHAR 79.11 60~100 93.5 =75 3.08 6.09
o I 2 1 [ PR 40.91 30~50 92.6 =80 7.15 17.49
T 4 Pl TR 3527 30~50 87.9 =75 442 11.40
RERHAR 76.21 60~100 89.1 =75 4.02 5.80
o I 2 1 [ PR 40.94 30~50 91.4 =80 4.82 11.76
B 115 4 Pl TR 31.55 30~50 85.6 =75 5.45 11.92
RERHAR 72.59 60~100 90.4 =75 3.76 7.51
b A 2 . [A] PR 41.03 30~50 90.8 =80 7.65 18.63
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