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Fig.1 Cutter two-dimensional diagram
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Table 1 Friction coefficient of experimental materials

g R R AL BEEE R AL
Material Static coefficient f, Dynamic coefficient f;
AR MR Tyre rubber 0.5 0.35
M7 Rebar 0.35 0.25
R LI Polyethylene film 0.13 0.09

2.2 ERHEVIREIREN

DB 2 e 3R T LR 2 7E = 4E @B UG6.0 H5E
Ji, KRR £ RN B AR N () — S gE ) (e
20 w& s, HHATE WS SR LFENLAG BT A
ADAMSPH, B H REIEAT A AR RS20, Sk fh b PR
FEEER 3 Fh: BEEUREE. Flex A1 AutoFlex 7. 2
SCIEH Flex v H i FA BR G E A ANSYS 24T M%)
oy FE R DL mnf A% :SCPE 3N E] ADAMS 1, RO fE
H Flex 15 BAMG HAER 8%, {H /& 5 BRI H R0 B i
HRE RS0 HLEE R S H RE R e e . s SCH IRE R4
HBHNE 2 fratel,

*2 HEMEM
Table 2 Attribute of sugarcane

Wi H Items 2% Parameter
751 Height/mm 2 500~2 700
E.4% Diameter/mm 26.5
JH#A Bt Poisson’s ratio 0.33
FPERIE Elastic modulus/(N-mm™) 11 000
M & Distribution density/(kg-m™) 1100
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Fig.2 Simulation model and process of cutting system
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Fig.3 Simulation curves of sugarcane in backward
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Table 3 Simulation experiment result statistics
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Material Absolute displacement/m Average speed/(m's™ )
R LI RRE
Polyethylene plastic film 0476 0.476
7% Rebar 1.088 1.088
BRI A Tyre rubber 1312 1312
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Fig.5 Residence time of different test material of sugarcane
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Fig.6 Diagram of spiral cutter lifting and conveying device of
spiral plane
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Fig.7 Sugarcane simulation curves
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Fig.8 Simulation of forces acting on sugarcane
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Note: Logistics node numbers from 1 to 5 are expressed in turn that time of
sugarcane head entering into feeding roller, time of sugarcane conveying speed
in backward tending to be stable, time of sugarcane finishing lifting, time of
sugarcane tail leaving spirals and retention time of sugarcane in cutter spiral
lifting and conveying device.
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Fig.9 Different times curves of sugarcane on spirals
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Table 4 Comparison of effect of spirals on Sugarcane

ESSUIN S I JHE R B TR e B
s FhiZi After cane head enters spiral Before cane tail leaves spiral
A K y=— = yih B AR =
Five kinds of spirals f Q\ﬁ A FH i T R Eijﬂ./ﬁm % EH 1B FH N 1] R Rijﬂ.’EFH %
Loading Loadine time/ Impulse Maximum Loadine times// Loading time/ Impulse Maximum
times/{ oading timerms change/(N"s) force/N oading times/fX - Loading time/ms change/(N-s) force/N
Ak AR 1
M*Ii%ﬁn 11 88.1 8.1 1105 -3 20.2 4.6 -209
Cylindrical rebar
e
12 mm [58 3 28.6 5.1 905 -11 72.5 12 287
12 mm plane width
16 mm 5% 4 218 54 2347 5 40.1 1.1 843
16 mm plane width
20 mm [ %
20 mm plane width 2 8.6 9.1 593 8 69.1 13.1 738
24 mm [ %
4 254 11.5 1625 -12 98.8 -3.01 -666
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Abstract: In order to improve the blocking issue of logistics system in sugarcane harvester, by the methods of simulation
analysis and experimental research, the cutter spiral lifting mechanism and the effects of friction coefficient and working
parameters on the sugarcane material flow were studied and discussed. The average residence time of sugarcane in the
transmission device of the screw conveyor was considered as test index and the virtual prototype simulation model was
established by the software ADAMS and Unigraphics. Simulation results indicated that increasing friction coefficient of cutter
spiral lifting mechanism could improve the delivery rate of the sugarcane and effectively inhibit the clogging problem. The
high-speed photography results of experimental prototype showed that while a tyre rubber with high friction coefficient was
used as the covering layer for the cutter spiral lifting mechanism and the cutter speed was about 750 r/min, the retention time
of sugarcane was shortened by 17% compared to original rebar spiral lifting mechanism. This characteristic could improve the
congestion problem of logistics system, and verify that the friction coefficient was exactly the main affecting factor. Based on
this principle, this paper worked out the structure improvement of the cutter spiral lifting mechanism. The helical circular cross
section was changed into a helical rectangular cross section, which made the contact way of the cutter spiral lifting mechanism
and sugarcane change from point contact originally to line contact. The computer simulation experiments under different
structures’ transmission speed, displacement, force and so on were conducted, and the analysis indicated that for the 20 mm
cutter spiral lifting mechanism that was improved, the sugarcane residence time was shortened by 32% comparing with the
original cylindrical spiral. Meanwhile, after the sugarcane head entered the spirals, the loading time from the spiral to the
sugarcane head relatively decreased and the time of the loading process was shorter, and the universal impact force for the
sugarcane was bigger, which made the cane’s feeding into the system more easily and rapidly. Before the sugarcane tail left the
spiral, the favorable impact from spiral still existed, its impulse changed by 11.1 N-s, and the backward displacement of the
sugar cane increased. And in the comparison of different width of spiral plane, the spiral retention time of sugarcane decreased
by 18.5% when the plane width increased from 12 to 20 mm. If the width of spiral plane continued to increase to 24 mm, the
trapped time of sugarcane increased by 17.6% compared to 20 mm width. When sugarcane tail left the spiral, the spiral with 12
and 24 mm width would have an adverse impact on sugarcane, which was unfavorable to the sugarcane conveying, while the
spiral with 16 and 20 mm width would not only make the time of cane heading into the spiral shorter, but also produce more
favorable impact when sugarcane tail left the spiral. Consequently, the experimental results showed that it could increase the
friction conveying force and reduce the sugarcane retention time by appropriately widening the cutter spiral lifting mechanism
width. It was advantageous to improve the transportation performance of sugarcane. Compared with 16 mm wide spiral, 20
mm wide spiral offered the equivalent total impulse after the sugarcane head entered the spiral. That made it easier for the
sugarcane to enter the feeding roller, and before the sugarcane’s tail left the spiral, the loading time from the spiral to the
sugarcane’s tail was more concentrated, the impact force was more balanced, and the backward transmission of the sugarcane
was faster and more stable, which could effectively restrain the blocking problem of the front end of conveying system. The
results provide the design basis for the construction of the late test platform and the development of the physical prototype.
Keywords: agricultural machinery; computer simulation; crops; sugarcane harvester; logistics; blocking; friction coefficient;
test



