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Simulation and Experiment on Whole-stem Sugarcane
Seed Stripping System

SHEN Zhonghua CHENG Hugiang DONG Zhikang LI Han

(Key Laboratory of Advanced Manufacturing and Automation Technology, Education Department of
Guangxi Zhuang Autonomous Region, Guilin University of Technology, Guilin 541006, China)

Abstract: Although existing sugarcane leaf strippers can effectively remove most sugarcane leaves, they
mainly focus on the sugarcane for sugar extraction, without considering the damage to sugarcane bud, so
they are unsuitable for sugarcane seed. To solve the problem of high bud damage rate in sugarcane leaf
strippers, a whole-stem seed leaf stripping system was designed to conduct simulation analysis and
experimental research. Firstly, a single-factor simulation experiment was performed on the whole-stem
sugarcane seed stripping process by a virtual simulation platform to analyze the influences of the crushing
mechanism, feeding and discharging mechanism, and stripping mechanism on the sugarcane seeds.
Secondly, based on simulation analysis, a physical testing platform experiment was completed. According
to the simulated experimental parameters, the quadratic regression universal rotation combination
experiment was performed, and parameters were optimized. Finally, the optimal relevant operating
parameters of the sugarcane seed stripping system were obtained: the flexible-rope-crushing-roller speed
was 670 r/min, the stripping-roller speed was 400 r/min, the single row number of flexible rope crushing
elements was 16, and the length of the flexible rope crushing elements was 330 mm, the trash content of
sugarcane seed stripping was 6. 59% , and the sprout damage rate was 4. 70% . Finally, a comparative
experiment was performed between the sugarcane seeds stripped by the optimal parameters and those
stripped by traditional leaf stripping machines. The experimental results showed that the germination rate
of sugarcane seeds planted under the whole-stem sugarcane seed stripping system was 81.25% , which
was higher than the 56.25% germination rate of sugarcane seeds stripped by traditional leaf stripping
machines. These can effectively improve the survival rate of sugarcane sprouts and have practical
significance and application prospects for the development of sugarcane.
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Fig. 1 Schematic of sugarcane bud damage
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Fig.2  Structural diagram of whole-stem sugarcane

seed stripping system
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Fig.4 Simulation process of broken leaves
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Fig.5 Force on sugarcane seeds during leaf crushing process
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Fig.6  Simulation results of leaf stripping section
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Tab.4 Experimental plan and results

P X, X, X, X, Y, /% Y,/ %
1 1 1 1 1 3.91 7.61
2 1 1 1 -1 4,53 6.19
3 1 1 -1 1 4.30 6.52
4 1 1 -1 - 5.73 5.05
5 1 -1 1 1 6.75 5.21
6 1 -1 1 -1 8.50 4.49
7 1 1 -1 1 7.82 4.95
8 1 B 8.03 4.21
9 -1 1 1 1 6.23 5.16
0 -1 1 1 -1 7.43 3.33
1 -1 1 -1 1 7.89 4.08
12 -1 1 -1 -1 8.26 2.88
13 -1 -1 1 1 8.85 4.21
14 -1 -1 1 -1 9.53 3.53
5 -1 -1 -1 1 9.04 3.37
6 -1 -1 -1 -1 9.15 2.24
17 2 0 0 0 6.07 6.38
18 -2 0 0 0 9.08 4.17
19 0 2 0 0 5.05 6.12
20 0 2 0 0 9.16 4.30
200 0 0 2 0 5.11 4.44
2 0 0 -2 0 6.83 3.33
230 0 0 2 5.56 4.17
40 0 0 -2 6.93 3.41
25 0 0 0 0 6.42 4.21
26 0 0 0 0 6.85 4.85
277 0 0 0 0 6.13 4.40
2 0 0 0 0 6.04 4.95
29 0 0 0 0 5.82 4.82
30 0 0 0 0 6.56 4.65
30 0 0 0 6.69 4.26

PIEHE R S . MIABIRI R AR R R AR 7. 65% , 3%
Ao E5al PT 5 KRS A B Ol 17. 768 8, R WAL g4
T M B0 5 2% . BIBRAS B K 2R 5, 15 3 B 4
25 200 PR R 2 R Y (] Y A8 A Sy
Y, =6.33 -0.994 6X, —1. 11X, -0.379 6X, —
0.3184X, —0.366 9X, X, +0.401 4X; +0.283 9X,
(4)
M6 Ak, —KIi X, X, X, X, ,ZZHI X, X,
5 ORI X X RERP G 2R A R B3 (P <0.01)
TRITX R R R W R E N R X
X, X X X, X7 X, X0 HARTUR B35 AR Z
() 2 Sl MR 3 P < 0..000 1, 2R4DII0 P =0. 179 6, 3k
SEFRBR =0.933 4, [ AN g 3, AR 4UI000 R (i 3%
RE RBAEE T 1, R W] R AR R 50 B8
] R R AR S5 R BN 8.35% IR K a4 ] 5, B
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Tab.5 Analysis of variance of trash content J, in 8 B I R 55 ) PR T O 11 32 A 8 2R
sugarcane seeds F3 275 2 ARG bR 10 B W B 5, W I O
BRRE PR AmE By F P 12,
A 69.15 14 4.94 19.64  <0.000 1
X, 21.72 1 21.72 86.33  <0.0001
X, 31.76 1 3176 126.27  <0.000 1
X, 2.62 1 2.62 10.42  0.0053
X, 3.46 1 3.46 13.75  0.0019
X, X, 2.15 1 2.15 8.56  0.0099
X, X, 0.0008 1  0.0008  0.003  0.9570
X, X, 0.1702 1 0.1702  0.6764  0.4229
X, X, 0.8418 1  0.8418 3.35 0.086 1
X,X, 0.0473 1  0.0473 0.1881 0.6703
XX, 0.2836 1  0.2836 1.13 0.304 1
be 4.38 1 4.38 17.40  0.0007
X2 2.14 1 2.14 8.52  0.0100
X3 0.0028 1  0.0028 0.0113 0.9168
X2 0.0989 1  0.0989  0.393  0.5396
e 4.02 16 0.2516
S 3.19 10 0.3185 2.28 0.163 1
4Rz 0.8395 6 0.1399
BN 73.18 30
R6 EMBFES FENN 12 223 5475 25 258 1 SR 285 i o i ) T
Tab.6 Analysis of variance of sugarcane seed damage Fig. 12 Response surfaces affected by two factors
rate S, (trash content and sprout damage rate)
B VIR AME M) F P U4 0 45— 5 O, B 2 B 7
PO 3 RS0 608 <OO00T g 9T T BN EL R R
. Yo e e ey TEENEARRMUINER R R
X, 9.96 1 9.96 63.85  <0.0001 /\jb" o . ’ /
X, 2.60 1 2.60 16. 67 0. 000 9 ﬁ: (= m%ﬁiﬁﬁﬁ%”iﬁ%ﬁ)ﬁﬁ tt( Ig ]23) o il
X, 1.33 1 1.33 8.56  0.0099 F P R R A R — e B, i o R AR S, R
NG LT L LT LT 0001 RS MR R i i R 5
W 0006 00006 0.0080 09503 b g g AR I8 12D) . LIRS R
X, X, 0.0144 1 0.0144 0.0923 0.7652 e
X, X, 0.2970 1  0.2970 1.90  0.1866 R F A R 2L
X,X, 0.0196 1  0.0196 0.1257 0.7276 5.3 SHMUREIE
X, X, 0.0462 1  0.0462  0.2964  0.5937 iz 1] Design-Expert #1494 4k D g #E 17 2=
¥ Las 1 Las 949 0002 OZIAZ EEROLIL, LRI R G T AR R 5
. L2 L L3819 003 R e gGCPERESER BOBURAMBTAE R, R
. T R AR SR AL b R R
sk 250 16 0.1560 minY, (X,,X,,X;,X,)
edl 1.95 10 01952 216  0.1796 minY, (X, ,X,,X;,X,)
aiiR: 0.5431 6 0.0905 <X, <2
SR 37.49 30 (6)
—2<X, <2
BURSHAEE Ny 14. 530 1, BEREELUFH FU a5 2732, S —2<X,<2
R B E T R A2 5 4 Ly _o<X, <2
Y, =4.59 +0.786 7X, +0. 644 2X, +0.329 2X, + SRR A S B e 2 AL S T PR
0.2358X, +0.33X,X, +0.227 6X> +0. 211 3X> HIE R 670. 67 v/ min, FHAEAEH Yy 402. 36 +/min, 32

(5) P4 FAHEM R 15. 96, 248 1K Ry 334. 3 mm, %
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HE TR 28R G 0128 RN 6.59% 4.70%
BAEPCALRCR XA 5 9 2 B 5 2t 47 ) B g
BE, B R 1 4 T I 1800 670 v/ min, SR -4
fe % 140y 400 v/min , 2 PE48 SR BN 16, 1E48
PRI LI EE D 330 mm

R RE— AT 5T R 2 A S B TARRICR, ik
WL 1 AR 3 ARSI AR R, IR R S K
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Tab.7 Validation test results %
AL TRE ), fiZE# S,
1 6.22 4. 46
3 7.01 4.33
5 8.03 3.84

F13 g e
Fig. 13 Cane seed after stripped

SRR 1 AREERI L ASE OL R, BERP 5 2R
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SS N67p2 2 N

MIEL 13 AT RUE ), 7RSO AN 24347
52 i P9 2 PR T R A B9 AT A R B
TR REA R R i BT e, Ja 88 il 5 —1E 1
MAE R SRR DIBR , 5 AR st — PRI

6 FhiEilie

ppiibs AT DR QT BN e ) 4 €
e 5 AR P BB AT AR AR I R 8 5 A e H
FIM PG 2F R Z MY 22 5% . BEHLEEHUEL 58 H ER
RILRI S B RER AR AT AURE R I R RS AL
R R R RERR, UK ZE RO IR AR R , R RERL
LW sty 78 2 A /B, P LU 20 25 B 16 A1
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Fig. 14  Results of planting comparison experiment
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