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Optimization and Experiment of Cleaning Device
of 2BMFJ Type No-till Precision Planter

Chen Haitao Zha Shaohui Dun Guoqgiang Cong Guangbo Li Ang Feng Yining
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: A way of expelling straw sideways was adopted by the 2BMF] type no-till precision planter.
The planter was able to complete seedbed preparing, precision seeding, fertilization, covering, rolling,
pesticide spraying, straw mulching equably and so on. The planter has become an important technical
mean to achieve conversation tillage. Cleaning device of the 2BMF] type no-till precision planter mainly
completes preparing seedbed. However, there are some problems such as severe vibration, more power
consuming and lower working speed on the cleaning device. So the optimization experiment was carried
out. Wheat stubble fields were regarded as experiment objects. Orthogonal experiment with four factors
and three levels was employed to find the optimal combination of the structure and working parameters for
the cleaning device. The number of cutters per disk, cutter disks configuration, working speed and cutter
disk speed were selected as factors. Pass-ability, equivalent power dissipation, equivalent fuel
consumption rate and vibration intensity were selected as indexes. The optimal combination of influencing
factors was obtained by the experiment; the number of cutters per disk was 4, cutter disks configuration
was 3 —2 —3, working speed was 5.4 km/h and cutter disk speed was 300 r/min. Under this condition,
the cleaning device wasn’t blocked; the vibration intensity was decreased from 197 m/s” to 134. 48 m/s”,
by 31.74% ; the equivalent power dissipation was decreased from 5. 88 kW to 4.58 kW, by 21.11% ;
and operation speed was increased from 4.5 km/h to 5.4 km/h, by 20% . The results can provide
reference for the optimal design of the 2BMF] type no-till precision planter.
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Fig. 1 Structure of experiment prototype of clearing device
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Tab.1 Main parameters of experiment

prototype of clearing device mm
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Fig.2 Structure diagram of spiral cutter assembly
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Fig.3 Installation diagram of torque sensor
L AR 2 foRE 3. RWER 4 ik S HIA AR R
w6 BERE 7 ML

1 2. 3 45
B4 i)t i e T
Fig.4 Installation diagram of tension sensor
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Fig.5 Principle diagram of measurement system
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Tab.2 Facters and levels

Jith, 15X 56 3t B A AL /N A, A 6 s .
HEREJE 24. 3 kg/em”, L HERIE 33% ,/NEREFFE 3

M % 1L 12 kg/m’, BB TR+ HE 30 mm, it JE 4
KOE BTN JIEAEA MR v/ TT R x, At AR 100 mm, 5t Bl Y O AL B S N
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Tab.3 Experimental layout and results
e WA INE TSR fEMEE v/ T </ HLGUEE JREVIRE v/ MEETIEE MR INAESR 5,/
A x /A VS (km-h~") (remin~") ¥i (m-s~2) y3/ kW (mL-kW~'-h~")
1 3 3-2-3 3.6 300 To b 92 122 3.55 174. 00
2 3 3-2-3 5.4 400 BRROE 197 5.76 145. 00
3 3 3-2-3 7.2 500 15 359 9.37 186.33
4 3 4-3-4 3.6 400 T 5 189 5.10 163.33
5 3 4-3-4 5.4 500 To b 52 252 6.88 151. 67
6 3 4-3-4 7.2 300 R gE 182 5.57 191. 67
7 3 5-4-5 3.6 500 T % 235 6.75 170. 67
8 3 5-4-5 5.4 300 T b € 134 5.88 167. 00
9 3 5-4-5 7.2 400 To b 52 228 7.06 181.33
10 4 3-2-3 3.6 400 Jo I 9 189 5.10 162. 67
11 4 3-2-3 5.4 500 Jo¥h % 252 6.82 153.67
12 4 3-2-3 7.2 300 1% 98 164 5.58 194. 00
13 4 4-3-4 3.6 500 To b 52 235 6.17 167. 67
14 4 4-3-4 5.4 300 o % 134 4.29 158.33
15 4 4-3-4 7.2 400 T i %8 228 7.06 180. 00
16 4 5-4-5 3.6 300 Io b 92 121 3.56 175. 00
17 4 5-4-5 5.4 400 Jo b %2 197 5.84 150.33
18 4 5-4-5 7.2 500 Joth % 355 9.61 187. 00
19 5 3-2-3 3.6 500 T 1 9 235 6. 20 168. 67
20 5 3-2-3 5.4 300 To b 52 134 4.27 155.33
21 5 3-2-3 7.2 400 1o 228 7. 14 178.33
22 5 4-3-4 3.6 300 Jo i % 121 3.53 173. 00
23 5 4-3-4 5.4 400 T 1% 58 197 5.88 149. 00
24 5 4-3-4 7.2 500 To b2 355 9.61 185. 00
25 5 5-4-5 3.6 400 Jo ¥ 9 183 5.21 163.33
26 5 5-4-5 5.4 500 Joih %€ 245 7.02 153.33
27 5 5-4-5 7.2 300 To 1 92 155 5.89 193. 67
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Tab.4 ANOVA analysis
L7 A 5K IR 5 H R ¥io7 FAH PH
% 0.3 2 0.15 2.15 0.15
X, 0.96 2 0.48 7 0.007 8 **
X3 0.96 2 0. 48 7 0.007 8 **
HL2H 38 3 Pk Xy 0.074 2 0. 037 0.54 0.5953
Xy ¥y 0.81 4 0.2 2.96 0.0576*)
P2 0.96 14 0. 069
B 4.07 26
%, 112.52 2 56.26 3.27 0.068 4¢*)
%, 92.52 2 46.26 2.69 0.1028
2 24 594. 96 2 12 297. 48 714. 49 <0.0001*
& sl x4 87 898. 74 2 43 949.37 2553.47 <0.0001*
X3, 7796. 59 4 1949. 15 113.25 <0.0001*
W% 240. 96 14 17.21
SR 120 700 26
% 0.20 2 0.10 1. 14 0.348 6
%, 0.62 2 0.31 3.48 0.0592*)
x5 27.06 2 13.53 152.72 <0.0001*
B I EE xy 38.55 2 19.28 217. 84 <0.000 1 **
X%, 2.84 4 0.71 8.00 0.001 4 **
R 22 1.24 14 0. 089
B 70.52 26
x, 7.97 2 3.99 1.05 0.3699
x, 38.75 2 19.37 5.11 0.0175"
3 4802.17 2 2401. 09 633.57 <0.000 1 *
1 R FE R X 657.17 2 328.59 86.70 <0.000 1 **
s 68.22 18 3.79
SR 5574.27 26
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Fig.7 Effects of factors on indexes
IR FER I N T 20.5% o I Th(BEE O RRRENSFEERAmEESE T . 2 TR
JIV% 3, DI EAHEATT 33 — 2 = 3, /RML % 3.6 km/h) DAL T 0 BOR D AAR AR, 57T 95 808 20 i AR BTG, BIL
7, 24 7] S5 3 i 300 v/min £ 5 2 400 r/min >4 H A2 P s A 1a) B8 E 1 32 2 LA T BEECh Ttk
BRI FEREAMR T 6.8% , HUI M Bt R AR, T RBED  HLUE RSB B RS B

500 r/minfhf , X 5ESR I HE R BN T 3. 4% . A WU 1 5 P
4.4 REHEREHREN 4.5 HUER
FEGRUEMLALA KA 3 FE R AR T, 42 5 1F k3 MR AL, 32 11T Design — Expert 8. 0. 6 17

B WEARHR 30 8 S RE A AR A A s DAl AR T R B ARG RN AR S PR

x5 RUER
Tab.5 Optimized result

BEIIWE 1M MR xy/ JIREEEH x,/ PLALEE M IRSIIREE v/ MELIhRE v,/ HEMRMIEAEER 5,/

’?% AN RN -1 P ; -2 T -1 -1
%/ 77 K x, (km-h™") (remin"") Y1 (m+s™%) kW (mL-kW ™" -h™")

1 4 3-2-3 5.4 300 Jo¥4 %€ 134. 48 4.58 159.22

2 4 4-3-4 7.2 400 Tk %E 229.93 6.90 179. 96
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