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Design and Experiment of Furrow Opener for Transversal Sugarcane Planter
Based on Effective Seeding Space
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(1. College of Mechanical Engineering, Guangxi University, Nanning 530004, China
2. College of Electronic Information, Guangxi University for Nationalities, Nanning 530006, China
3. College of Mechanical and Marine Engineering, Beibu Gulf University, Qinzhou 535011, China)

Abstract; Aiming at the high requirements of seed quality for sugarcane transversal planting, a combined
furrow opener for transversal planting of sugarcane was designed based on the formation conditions of
effective seeding space. The furrow opener designed included leak-proof plough, rotary tillage unit and
furrow plough. The influencing factors of seeding effect and structural parameters were confirmed via
analysis of seeding and soil movement law. Rotary tillage speed, working depth, and forward speed were
used as factors, and the effective seeding depth, energy consumption of rotary tillage, and furrowing
resistance were employed as indexes. The influence rules of working parameters on the furrow opener
performance were studied by a three-factor and three-level field orthogonal experimental design. Results
showed that working depth significantly influenced the effective seeding depth, energy consumption of
rotary tillage, and furrowing resistance. Moreover, rotary tillage speed significantly influenced the energy
consumption of rotary tillage, whereas forward speed significantly affected the energy consumption of
rotary tillage. Thus, the influence of the working depth and rotary tillage speed was extremely significant,
but that of forward speed was generally significant. The better parameters were obtained with the rotary
tillage speed of 200 r/min, the working depth of 30 cm, and the forward speed of 1. 20 m/s. The field
verification experiment results with better parameters showed that the effective seeding depth was
29.9 cm, the stability of seeding depth was 97.6% , the thickness of covering soil was 8.8 cm, the
thickness of regolith was 3.4 cm, the energy consumption of rotary tillage was 34.0 kW, and the
unilateral furrowing resistance was 14.1 kN. The indicators could meet the requirements of sugarcane
transversal planting.
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5 2 2 3 1 19.4 11.0 8.9
6 2 3 1 2 29.9 37.3 17.7
7 3 1 3 2 9.1 6.5 7.8
8 3 2 1 3 18. 8 13. 4 7.4
9 3 3 2 1 28.3 42.5 16.5

k, 19.8 9.6 19.5 19.2
ky, 19.7 19.3
k

19.2 19.5

s 18.7 29.3 19.4 19.4

Br 1 197 03 0.3
Ec/9Ed B.A.D
A& AyByD,

k, 14.5 4.0 17.6 18.5

k, 17.2 10.4 17.6 16.9

k;  20.8 38.1 17.3 17.0

Prop 63 341 03 16
= Wiy B A.D
e ibdl & Ay B,D,

k, 9.3 7.2 10.5 10.6

k, 11.3 7.5 9.9 10.5

k;  10.6 16.4 10.6 10.0

' R 20 92 07 06
F W B.A.D
w4 & A, B, D,
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R AF TR ALK P S TR B H R 1 AR ALT A 2R BT 5 1K 169

RN B A D, Ui B T ARG 56 18 bR 19 7
Wi fi R, FEUR Ay JE B A i R R S R /N . A
R R BE S VA T 18 % R R 1Y G B 48 A, B L 1Y)
Mk 2 000 1 12 9% b SR 25 R, JiE B D1 A
TRB I A BN SR B AR SEBR AR 7= ik
7 BB R R AR AR AT AR oy T i a3
P TE AL SR Y TR ZR HL A S i T 3% TR I 2
B EBMAE L S B A & BN A, B D,
3.4.2 FENH

N T 203 B 45 DR B OK ST X 45 415 B 2 0 19
F ki R BT O7 22 00 M, e A AR Ik 4 B
IR BT 2SN BTE R T X T A I e AR, IR Y
S E A B 40 B A D, 5 ZE S B A )
o BIVRE B 0 T B 2 5 A B 35 ) 5 A TR
JEE X5 A5 285 ol R EE R BIF ) FE AN T 7 BEL 7 5 R B
5 U A RE T T B SRR AT R R R, X UG W e
M A o e 2 5 ) Bz B5F ) P D) ) O, S5 EORE A 2
FEAE o AR IR BE Bt A AV PR B, ih T U
) T S R 0, B B ) A RO 38 BEL T Bl A A
TREZHEIN o o HA A2 5 32, 5 B0 4 5% o s O i
B AEHE AN

£4 ESHRBFESN

Tab.4 Variance analysis results of orthogonal experiment

TE EET A

I $E b5 KB A . 55 F r
A 2.00 2 1. 00 14.29 0. 065
o 584.18 2 292.09 4172.71 <0.001**
HAER 0.18 2 0.09 1.29 0.437
wE ®E 014 2 0. 07
M 586.50 8
60. 54 2 30.27  378.38  0.003**
1968.23 2 984.11 12132.92 <0.001 **
WERETIEE D 4.94 2 2.47 30. 88 0.032°
®¥E0.16 2 0.08
MR 2033.87 8
A 6.58 2 3.29 8. 89 0. 100
B 167.58 2 83.79  226.46  0.004 **
Fi S D 0.72 2 0.36 0.97 0.510
W 0.74 2 0.37
MF175.62 8

W ORI EE (P <0.01), « BRFIHEE(P <
0.05),
3.5 HEEIERXE

MR YEM 22 0 AT A5 BB AR L S 8L & A, B, D,

BRIV B e 3 200 v/ min, TAETREE 30 em , {if i 2 B2
1.20 m/s (IR $Y) o PEFESEE 5 1 3 S AR AR ALY 1
Hu AT TR I A R AR S R A Sk
FREE S 29. 9 em, R IR RS E VE R BN 97. 6% ,
HAJEREE N 8.8 em, 7% L JEFE 3.4 em, Ui B 78 I AE
W ZHCT BBt 19 T 18 5 1 BB 45 b5 1496 2 B 1) A
FEALI A 0% Bl 2R S 2 i #F ARy 34. 0 kW, B
MITF IR J 2 14,1 kN,

Tab.5 Results of verification experiment

REF S

B FH
1 2 3
AL TEFN R/ em 29. 4 31.0 29. 4 29.9
BEMRB % 98.0 96.7 98.0 97.6
4R/ cm 9.4 8.2 8.8 8.8
F R/ em 2.6 5.5 2.0 3.4
FEBE T RE/ kW 32.8 34.5 34.6 34.0
AN FF V5 BEL A7 /KN 15.1 12. 4 14.7 14.1
4 g

(1) MR B0 T 7 A 1] b A ) 9% Ao 225K 0 A Ak vk
ol 2 8] 9 2 ML B A7 23 A, I 5 T A7 209% P =S 18]
P I g BT 20K W TR A OTT AR
ik A5 SR IE B o M B E T B AL R
FREFIIT VA AL S5 2K

(2) 1 i 45 @l 5 7 5 £ A7 IR LS, 4R 500
B S A TR 8 A0 iy 8 3 52 X T 9 45 1 RE Y 22 T
M WA Tr 22 o M 45 R R W, AR TR XA 2%
7o I TR B R DRE A1 T 1) BHL T A A 355 0 5 A
Il S X e M R A R . 2 R D 5 I 2 S R N E B
FEA EVER R o i A 22 0 BT A 3 45 DN 30 4518
6 45 bR 5 R ) 2 U 14 0 AR IR e Bk % 3t | iy
PERIE  BAAE L B 80L& R HeRF 5% 8 200 1/ min | T 4f:
TR 30 em MIFTHEE L4 1. 20 m/s(RITHY) o

(3) R JH B ALAE 2 K4 & TF i 1] 86 30E X
% ISR R AR S A G T IR AL B
O Fifv R T8 T AR RGA 20 ol 2 T 9 Bl AN i o b
WRIERE . A RIS IRE N 29.9 em, KRR E TR
EMER TN 97.6% , 8L + R ¥ 8.8 em, ¥ £ & ¥
3.4 cm, fig #f Y5 A€ 34.0 kW, B0 JF 3 B 1 N
14,1 kN, i 2 H BB 1o b AR A R0 b 23 [ i i T
HEOR

& % x Wt
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