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Abstract

A triangle layout of the mechanism of cleaning leaves and breaking tails based on the force analysis
of motion of the sugarcane and its material properties was presented. It successfully achieves the functions
of raking and cleaning leaves, and breaking tails. The orthogonal experiment on the self developed
experiment platform was carried out to verify the effect of the layout and find out the optimal parameter
combination. According to the experiment, the optimal combination is: the rotating speed of the raking
roller of 700 r/min, the speed of the cleaning roller of 900 r/min, the interaction depth of the raking
teeth of 40 mm, and the interaction depth of the cleaning element of 30 mm. The experiment results show
that the inverted goods font layout of the mechanism is effective and feasible.
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Fig. 1 Diagram of cleaning leaves and breaking tails
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Fig.2 Force diagram of sugarcane
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Fig.3 Experiment platform of cleaning leaves and

breaking tails of sugarcane
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Tab.2 Experimental results

5 A B AB C AC BC D AD BD CD o e i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 2.128 60 0
2 1 1 1 1 2 2 2 2 2 2 2 2 2 0.351 100 3
3 1 1 1 1 3 3 3 3 3 3 3 3 3 0.893 100 2
4 1 2 2 2 1 1 1 2 2 2 3 3 3 0.227 80 1
5 1 2 2 2 2 2 2 3 3 3 1 1 1 1.042 80 2
6 1 2 2 2 3 3 3 1 1 1 2 2 2 2.679 80 0
7 1 3 3 3 1 1 1 3 3 3 2 2 2 3.053 80 1
8 1 3 3 3 2 2 2 1 1 1 3 3 3 4.274 60 1
9 1 3 3 3 3 3 3 2 2 2 1 1 1 2.222 80 2
10 2 1 2 3 1 2 3 1 2 3 1 2 3 3.297 60 0
11 2 1 2 3 2 3 1 2 3 1 2 3 1 2.222 80 0
12 2 1 2 3 3 1 2 3 1 2 3 1 2 1.471 100 0
13 2 2 3 1 1 2 3 2 3 1 3 1 2 0. 460 100 0
14 2 2 3 1 2 3 1 3 1 2 1 2 3 2.222 100 0
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15 2 2 3 1 3 1 2 2 3 2 3 1 1. 087 100 0
16 2 3 1 2 1 2 3 1 2 2 3 1 0.813 100 1
17 2 3 1 2 2 3 1 2 3 3 1 2 1.220 80 1
18 2 3 1 2 3 1 2 3 1 1 2 3 1. 064 80 2
19 3 1 3 2 1 3 2 3 2 1 3 2 5.102 40 3
20 3 1 3 2 2 1 3 1 3 2 1 3 0.426 100 0
21 3 1 3 2 3 2 1 2 1 3 2 1 0.971 100 2
22 3 2 1 3 1 3 2 1 3 3 2 1 1. 852 60 2
23 3 2 1 3 2 1 3 2 1 1 3 2 0.367 100 1
24 3 2 1 3 3 2 1 3 2 2 1 3 5.333 60 3
25 3 3 2 1 1 3 2 2 1 2 1 3 1.471 100 0
26 3 3 2 1 2 1 3 3 2 3 2 1 1.852 80 0
27 3 3 2 1 3 2 1 1 3 1 3 2 0 100 3
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Tab.6 Variance analysis of breaking tails

i3S 2V HEE F It B
A 0. 039 2 1. 660

B 0. 003 2 0. 128

AB 0. 003 2 0. 128

c 0. 145 2 6.170 *
AC 0. 092 2 3.915 *
BC 0. 021 2 0. 894

D 0.332 2 14. 128 *
AD 0. 056 2 2.383

BD 0. 003 2 0. 128

cD 0. 056 2 2.383

B 0.240 20
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Tab.7 Interaction between A and C

A, (600) A, (700) A, (800)
C,(40) 0. 867 1. 000 0. 933
C,(50) 0. 800 0. 867 0. 800
C,(60) 0.733 0. 800 0.733
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Tab.8 Variance analysis of breaking in the middle

S e f AlE F It B
A 0. 062 2 3.780 *
B 0. 002 2 0.122

AB 0. 047 2 2. 866 *
C 0. 009 2 0. 549

AC 0. 027 2 1. 646

BC 0. 056 2 3.415 #
D 0.016 2 0. 976

AD 0. 020 2 1.220

BD 0.029 2 1.768

cD 0.016 2 0. 976
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Tab.9 Interaction between A and B

A, (600) A,(700) A, (800)
B, (800) 0. 167 0 0.167
B, (900) 0. 100 0 0. 200
B, (1000) 0.133 0. 133 0. 100

£10 BCXEHXEHR
Tab.10 Interaction between B and C

C, (40) C,(50) C,(60)
B, (800) 0.167 0.167 0
B,(900) 0 0. 100 0.200
B4 (1000) 0. 100 0.133 0.133




W i 20124

78 gl L
0.16
0.14
e 002
= 0.10 -4
= 0.08 -3
= 0.06 -
= 0.04 =D
0.02
0 ‘ .
1 2 3
KN
&5 A ERAT W AR 2 40 A
Fig.5 Range analysis of breaking in the middle
2.2.4 ZRGVHRHT

i B3R T 25 BT A R AT A 3 A BB RR
HA B E Z K FH G0 A,B,C, fE K
LA T IR AR K AR AT BT R A B AR O
WK D 1E A 7] % 545 45 b BA A TR 19 K S B
e X I W FE LR B 8 PR3 g F 5 b e B, 5 O
55 W R R B B R A 5 TR A S B R EE 1 S
R R, AR A A& 6 s o R it el
R P S AR R A, R I SR e L R P 2
TRIEE R 5y 51 Ak H A 2 1 19y 2o B2 4 4, PRI O 1 sl /s
XEH BR80T, IR D EHUKF- 2, B 30 mm,

P Zr & bR o M, = A T2 e &k i Ik R AL
MBS R A AT O A,B,C\ D,

145
4.0
100
435
£ 80 ) 43.0 ¢
¥ e = 4 {252
5 —— GHR 120 %
= 40 4154
11.0
20 405
0

010 2‘0 ) 3‘(:"7 4‘0 5‘0
ACHTR)E /mm
6 IR &
Fig.6 Curve diagram of impurity and broken ratio
2.3 BRESHASHIRKREIE
N T B R B S B A B R I R ROR , 1 B
ERBARA S A,B,C, D, 5 H A5 R BRI i 4

4 A,B,C,D, A,B,C,D, A,B,C,D, A,B,C,D,, L) }%
WML A& A;B,C, Dy A, B, C, D, 3% T A SR G b4y
I, B AORAE 5 U, O 24, 5 45 R
1R,

F11 MRIAKWER
Tab.11 Contrast test results

75 E iRy TRE/ 0 WRE/ %  PIRITEIEL
1 A,B,C,D, 0.21 100 0
2 A,B,C,D, 0.38 100 1
3 A,B,C, D, 1.74 100 0
4 A,B,C,D, 2.59 80 0
5 A,B,C,D, 2.38 100 0
6 A,B,C, D, 1.09 80 0
7 A,B,C,D, 1.75 80 0

R 11 A LUE I e ORI A A R
S L4, B0 A,B,C D, X 5 1E LI 5 o A 9 4518 —
o HRKBMAENE 2 H, 0 A,B,C,D,, ZAH
TEIESCIAE R PR B B M o 20 5 1) 1 4
RATLLUR B, W 1 S8 b (3 A M B %) Jk
AMEAK ETLESE 2 A T i ITi it 4, Kt
GRFHE, EBURIA G N A,B,C, D, , RIFE M 4 5%
3# 700 r/min R I FE 5L 3R 900 r/min 0 A 3C A IR
J& 40 mm IR ) 52 B R BE 30 mm

3 Hig

(1) WFFE 25 H WL, 60 3% - 1 FE ML AS R T 5 o
(189 A JRy RT3 A BRAEL AR SR I BT R RIOR: o

(2) 18 i B WF 5, 19 1 3% R i W AL Y
BARSEAN G N A, B, C, D, , BURL - FR e 38 700 1/ min |
4 7 900 1/ min 15 S2 A R 40 mm Al
I Fil 32 55 R B 30 mm

& % x Wt

U e, /DB BEMCR ALK 15 4 E AL M 4007 B0 A SR SR BT S8 (D). B 7« P K 4 ,2008.

Lai Xiao. Simulation analysis and experimental research on leaves cleaner and collecting device of small scale sugarcane

harvester[ D]. Nanning:; Guangxi University,2008. (in Chinese)

2 Salassi M E, Champagne L P. A spread sheet-based cost model for sugarcane harvesting systems[ J]. Computers and

Electronics in Agriculture, 1998 ,20(3) ; 215 ~227.

30 RRIT LM R, GE. TR M2 B H RO M TR RERT SE 1] AL AL AR ,2006,37 (7) 169 ~73.

Ma Fanglan, Li Shangping, He Yulin, et al. Performance analysis on cleaning element of sugarcane harvester based on neural

network[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2006,37(7) :69 ~73. (in Chinese)

4 HEBEE.

/N REOSR AL BT R ALA A BT BT S5 EMEFE [ D). #I T 7P R %+ ,2003.

Ren Xiaozhi. Innovative design and simulation research of cane top cutting mechanism for minitype sugar cane harvester[ D ].

Nanning: Guangxi University,2003. (in Chinese)

(T#HE7TR)



TUFAE A R AR RIR B B T TR Sl P A T 5 7

(1) X i D 3R 03 L 8 A 3 1 R e AT A5 Bl 4%
A A BT I A, A T X A s ol A R A
A e L R A A B AT T 2 B

(2) 3o 57 9 FRL G D R 0 TR 45 8 TR s
HAV B0 AL sl Pl e AT T Bk, 45 58 3R 4% Ff
i 1l 1 X RE 8 1 A 4 IR BT H AR EAT VI 4k .

(3) BT 09 4% 2l 2 1 AR 20T Ha 1 2 58 43 It
RAZh 1 RGEAT T 8h 11k 0 50 UE 43, 30 7 1 g
g LT I 3R 0 ~ 100 km/h fy i 2 B 8] 1 Hy
12 s,

(4) Fe T BT 09 4% gl 2 1 AR 20T Ha 1 B 58 43 It
RGN RGEHAT T LT UL, IF B 5
RV GEAT T R H, 45 R R W 255 L0y 1 il 3
ik 41.3%

2 £ x #

John M Miller. Hybrid electric vehicle propulsion system architectures of the e-CVT type[ J]. IEEE Transactions on Power

Electronics, 2006,21(3) : 756 ~767.

2 Michael Duoba, Henry Ng, Robert Larsen. Characterization and comparison of two hybrid electric vehicles (HEVs ) -honda
insight andtoyota prius[ C]. SAE Paper 2001 — 01 —1335,2001.

3 Li Wenyong, Abel A, Todtermuschke K, et al. Hybrid vehicle power transmission modeling and simulation with simulationX
[ C] // Proceedings of the 2007 IEEE International Conference on Mechatronics and, Harbin, China, 2007 1710 ~1 717.

4 Shibata Fukuo. Electric control system of an electric machine arrangement combining electromagnetic coupling with electric
rotating machine; USA,US 3789281 P]. 1974 —02 —29.

5 Dae Hun Lee, Ui Seong Kim, Chee Burm Shin, et al. Modelling of the thermal behaviour of an ultracapacitor for a 42 V
automotive electrical system[ J]. Journal of Power Sources,2008,175(1) :664 ~ 668.

6 Zheng Ping, Liu Ranran, Wu Qian, et al. Magnetic coupling analysis of four-quadrant transducer used for hybrid electric
vehicles[ J]. TEEE Transactions on Magnetics, 2007, 43(6) : 2597 ~2 599.

TOZESCRL,IUB R ERE AR 2T IR R KR A S R IR [T ], R HLBR A4 ,2009,40(12) 123 ~29.
Zuo Yihe, Xiang Changle, Yan Qingdong. Control strategy of parallel-serial hybrid electrical vehicle based on the power track
method[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009,40(12) :23 ~29. (in Chinese)

8 Koichiro Muta, Makoto Yamazaki, Junji Tokieda. Development of new-generation hybrid system THS Il -drastic improvement
of power performance and fuel economy[ C]. SAE Paper 2004 —01 — 0064, 2004.

9 Kukhyun Ahn, Sungtae Cho, Suk Won Cha. Optimal operation of the power-split hybrid electric vehicle powertrain[ J]. Proc.

IMechE. Part D: Journal of Automobile Engineering, 2008 ,222(5) :789 ~ 800.

(L#EE T8 W)

Journal of Agricultural Mechanization Research, 2006 ( 12) . 142 ~ 145.

5 HBes, 0Tk B A K SEEEARCRMIRLT]. HEER,1995(6) :6 ~11.

Gan Xiaowei, Su Guangda. A study on the relationship between the leaf and cane growth in sugarcane ( Saccharum offcinarum
L. ) production[ J]. Sugarcane and Canesugar, 1995(6) :6 ~11. (in Chinese)

6 SHMXNIE L, 2, 2 H R AL HE ] R ST R LR T (T] . ARl LB 41,2003 ,34(4) 143 ~ 46.
Meng Yanmei, Liu Zhengshi, Li Shangping, et al. Virtual experiment analysis of a brush shape of cleaning element for
sugarcane harvester[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2003,34(4) :43 ~46. (in Chinese)

7 EOGIE R BEIEHT,SF . /R R R AL B S R B R IR OF S [T ] RALIBATSE ,2006 (12) 1142 ~ 145.
Wang Guangju, Yang Jian, Liang Zhaoxin, et al. Experiment study of the factors influence on the sugarcane detrashing
quality of sugarcane detrashing machine [ J].

(in Chinese)

8 Ma Fanglan, Li Shangping, He Yulin, et al. Virtual experimental analysis on cleaning element of sugarcane harvester[ J].
Chinese Journal of Mechanical Engineering, 2005,18(4) 586 ~591.

9 I BRIAL I SRR AR [ M ], R AR ORAA AL ,2008.

10

S 0T, JROK I PRTEMR 55 2MAREBR S BRI RGBT 1], RAL P-4 ,2011,42(11) .57 ~61.
Fu Meizhen, Gong Yongjian, Chen Dejun, et al. Design of re-threshing system of whole-feed rice-wheat combine harvester

[J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,42(11) ;57 ~61. (in Chinese)



