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Design and test on leaf-stripping device of sugarcane harvester by a
vertical clamping-conveying channel
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(1 Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education/College of
Engineering, South China Agricultural University, Guangzhou 510642, China; 2 Guangdong Baiyun University,
Guangzhou 510450, China)

Abstract: [Objective] To explore the feasibility of sugarcane vertical clamping-conveying technology for the
whole stalk harvester, and provide a technical support for solving the problem of long sugarcane channel and
low working efficiency of the existing stalk-type sugarcane combine harvester. [Method] A kind of vertical
stripper was designed in a clamping-conveying channel for 4ZZX-48 sugarcane harvester . A harvesting test of
this device was conducted in field. The influence factors of leaf stripping effect were analyzed, including the
rotation rate of conveyor chain sprocket(n;), the installation angle of leaf stripping roller(f), the rotation rate of
leaf stripping roller(n,) and sugarcane feeding speed(g) [Result] The values of 7, and n, had significant impact
on leaf stripping effect. The ranking of influence was n;>n,>¢>f. When n; was 60 r/min , n, was 360 r/min , f
was 30° and g was 7.5 kg/s, the machine got the best stripping effect and leaf stripping rate was 76.6%. The
results of curve regression analysis showed that there was a quadratic polynomial relation between clearing rate

and the ratio of n, to n;. When the value of n,/n; ranged from 5 to 6, clearing rate reached the maximum of
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around 77%. [Cluclusion] This harvester, based on sugarcane vertical clamping-conveying and stripping

technology, is feasible and has certain reference value for research and development of a new whole stalk

sugarcane harvester.

Key words: sugarcane harvester; erect; leaf-stripping mechanism; design and test
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1: Frame, 2: Clamping rubber block, 3: Clamping conveyor sprocket, 4: Sugarcane cutter, 5: Clamping conveyor chain, 6: Clamping point,

7: Supporting wheel of sugarcane harvester, 8: Guide rod for sugarcane, 9: A tractor as power

1 4Z7X-48 BIHRIEIN
Fig. 1 Type 4Z7X-48 sugarcane harvester
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1: Drive motor, 2: Lower shelf of leaf stripping roller, 3: Lower leaf
stripping roller, 4: Lower column, 5: Coupling, 6: Bearing, 7: Upper leaf
stripping roller, 8: Upper column, 9: Upper shelf of leaf stripping roller

B2 FHEE

Fig. 2 Leaf stripping device

E3 FIHRREE
Fig. 3 Stripping leaf brush
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Fig. 4 Installation site of leaf stripping device
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Fig. 5 The relationship of a, fand y
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Table1 The relationship between sprocket speed and
chain-line speed

RS T3/ (r-min) 60 90 120 150 180
Sprocket speed
Bk EEHE/(ms") 057 086 1.14 143 171

Chain-line speed

*2 WEIWATEHRE SMA RN KRR
Table 2 The relationship between harvester speed and
feeding rate
WML AT BEE FE/(m-s ™) 03 04 05 06 07
Harvester speed
HIEEAR/(kgs™) 45 60 75 9.0 105

Feeding rate of sugarcane
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Fig. 6 Leaf stripping interval position
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Fig. 7 Calibration of sample size
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Table 3 Schedule of double factor test
K AT R i T S| e i 2 T
Level Speed of conveying sprocket  Speed of leaf roller
1 60 120
2 120 240
3 180 360

FEE 3 K.
KH SPSS16.0 Fiit 3 b R AF 5 k56 45 R kAT
G557

3 ERS9h
31 BEZREER
3.1.1  k#FmiFAsiiik BT LR

ORI (n)), AT LR FRIE, 0T HRE R R k4T
WsE, RIGLE R R 4 Frox. HE 4 /LG H, JkF
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Table 4 The results of stripping rates of different speed levels and variance analysis

Wi H Ttem 60 r'min”’' 90 r'min”’' 120 r'min™ 150 r'min™ 180 r'min™
5 % /% Stripping rate 76.0 74.0 72.1 68.1 50.5
FrifEi%/% Standard error 3.9 1.8 1.1 1.5 5.7
45 535K Variation source SS DF MS F P
H 7] Between groups 0.126 4 0.032 9.649 0.002
20N Within groups 0.033 10 0.003
M1t Total 0.159 14

3.1.2 FerBE R AR 0 o R R E %
BEPE (B), i 58 1 il 26 5 B H R A0 ) A R
(y) BEAT Y, IR 45 R WK 5. IR E
AT, 50 S P AR R 2 3 A R, R SR XD PN
FEM R RARUA K FTEMTERER, BEK
P P=0.954>0.05, 3 I 3] M- 55 5 22 258 A B 0 v R

A NTE N
3.1.3  F et Aar I R AR 1A IK B

B FETE (ny) VT R 4 3 10 B, a0 245 R
R 6 JIm o R 0 e by, R R . R
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Table 5 The results of stripping rates of different ins-
tallation angles and variance analysis

i H Item 0° 15° 30°
R 2% 70.6 70.8 71.6
Stripping rate
FRAER/% 1.57 1.64 3.81
Standard error

A R RUR

. SS DF MS F P
Variation source

2H ] Between groups 0.000 2 0.000 0.047 0.954
20 Within groups  0.012 6 0.002
&1t Total 0.012 8
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Table 6 The results of stripping rates of different roller speeds and variance analysis
I H Item 120 r'min”’' 180 rmin'  240rmin'  300rmin' 360 r-min’
5 Z /% Stripping rate 67.6 75.9 76.6 76.9 81.1
FrifE1R/% Standard error 1.75 1.66 2.60 2.60 2.66
AR 55 KYE Variation source SS DF MS F P
2H 7] Between groups 0.029 4 0.007 4.574 0.023
20N Within groups 0.016 10 0.002
it Total 0.045 14

REPEL B K, f & JIH U BT o 7 Z 0 B,
7 5 i 2K F P=0.023<0.05, 2 B 3 H- 48 4
X 3 15 2 5 V2 3
3.1.4  HERAER BROCRRREFRIRE R E®
SE PR NVE, BPARSRE RN SRR, i 3R 2 o e Ui
FHLAT I FICE B 5, SREPR N R AR &
PIERRTE o IRIGEE R WL 7. HIEME RO, Fig
REK. WMANRBRRTEMNERER, 2RI
B2 IKF P=0.040<0.05, LA ANZELE 95% HIE(E
X [B) P S%of 3] 4 26 5 T 8 3
32 WERRAWER
BRI TT E S5 R ER, 4 AN E X R
RS NAN N AN QY OSP S S Tprs i E
AT H RN, R e . ik
S Rt 1k R s TR ) AR A AT B R AR
5, g5 R 8.
% 8 v LU H, FInH 4R A E 4 120 r/min.

®T RERANRHPRIERMFEDLER
Table 7 The results of stripping rates of different feeding
rates and variance analysis

i H
45kgs' 75kgs' 105kgs’
Item
52/ % 73.8 68.5 64.5
Stripping rate
FRiER/ % 2.12 1.21 2.31
Standard error
25 SR
.. SS DF MS F P
Variation source
ZHH] Between groups  0.013 2 0.007 5.782 0.040
20 Within groups  0.007 6  0.001
T Total 0.020 8

e FR % BE #3180 r/min I, FiE RAUE
52.60%; T I 58 2 % 3 A 360 r/min. & RFfaik s
AN 60 r/min B, FNFFHN 76.60%, 153 T 11

*8 WEAHRREHREFRMFEDNER

Table 8 The results of stripping rates of double factor test and variance analysis

LR T (ny)/(r-min ™)

AT R AT 5 () PRI R 9 5 () %

Stripping rate at different speed of leaf roller

Speed of conveying sprocket

120 r'min™ 240 r'min™ 360 r'min™

60 70.60 75.20 76.60
120 66.10 71.00 74.00
180 52.60 67.40 67.70

A S KJF Variation source SS DF MS F P
1B IEAE R Corrected model” 0.135 8 0.017 9.397 0.000
#IE Intercept 12.957 1 12.957 7.236E3 0.000
n 0.070 2 0.035 19.536 0.000
ny 0.054 2 0.027 15.060 0.000
nyxny 0.011 4 0.003 1.497 0.245
% # Error 0.032 18 0.002
41t Total » 13.1247 27

1) R*=0.807(15 ER=0.721); 2) 14 EE4#+55#40.167, DF #26

1) R*=0.807(Adjusted R’=0.721); 2) Corrected total SS was 0.167, DF was 26
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52.6%:; 1l n, ¥ 360 r/min. n, 24 60 r/min B, n,/ n,
N 6.0, RN 76.6%, 1B E] T GRS 1) KAH .

12 FHl SPSS16.0 Gttt 73 A1 A4 A D% 14 A 3 45
B, W S AT — Je R MR DR ik 2 I oy
AT, T AR L B T LR 3 0 2R R R A G R A, R EAT
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B R=0.573, IR Z T R°=0.632, BB Ik
Z WAL B B B 7 AR B 5 TR, R A% 3l LL RN )
HRZ BAEEE ZIRZ AR R Y E LR
B, 7R SR T X TR) PAY R 300 34 360K 5 T bH A B B
KAE, 75 2 IR B i KA A, — okt Al
52k 2 AR ) 22 K P 3524 0.000, 3
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Table 9 The relationship between speed ratio and stripping rate

38 bt (ny/n)) Rotation speed ratio 0.7 1.0 1.3 2.0 2.4 3.0 4.0 5.0 6.0
FI¥5 2 /% Stripping rate 52.5 64.2 67.4 62.5 68.1 73.4 75.2 76.9 77.9
10 R SRIEFEEX SR
Table 10 Correlation analysis between rotation speed ratio and stripping rate
A Model R F DF, DF, P 5 & Constant b, b,
—J G2t Linear 0.573 33.541 1 25 0.000 0.586 0.037
ZRZ Wi Quadratic 0.632  20.602 2 24 0.000 0.526 0.090  —0.008

1) A R E AR

1) The independent variable was rotation speed ratio

iz SPSS16.0 Gtit 3 Hr At  th e [l )3 75 A
BLHL, X L5 R R AT IR, 2
MR, Wi 8 Fron. B 8 i R T 5 id b 5
13 2 8] () AR 3y, T EBk oK, i X [A]
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S E70 |
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= &
w5
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60
O 3L {E Observed value
; o — 157 Quadratic value
50 . : : : : :
0 1 2 3 4 5 6

3% L (n,/n,) Rotation speed ratio

B8 HERLLSRIERMMUSHIL
Fig. 8 Fitting curve of rotation speed ratio and stripping
rate

P IR R Sk R o TE RIS R R L YO Bl Y, B TR LE
ANT S BT, ] S A SR O 3 K B K
T 6 I, R EAT BT B T LLAE 5~6 Z (B,
R RIE BB 77.9%, %R ARIE B SCHR [12-13]
K 2R LRI R4 2R (75%)

4 Eip
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2 e 7 i 2% B 50 5 T8N 60 r/min. 3 H-HR 3] 42 B
£ FE R 30°, 3 FR7 4% T 360 vmin, HIEMR N 20K
7.5 kg/s I, H I R RN 76.6%, R 1% BE L 5
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FEAH (ny/ny) 5 R R 2 M AFEE IR 2 Ak
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