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Improvement and parameter optimization of tail-breaking
mechanism for whole-stalk step-by-step sugarcane impurity
remover

Tan Shichao, LLu Jingping

(School of Mechanical Engineering , Guangxt University , Nanning , Guangxi 530004, China)

Abstract: [Objective] This study aims to improve and optimize the tail-breaking mechanism of a whole-
stalk step-by-step sugarcane impurity remover, thereby providing support for solving the problem of poor tail-
breaking performance and improving the qualified rate. [Method] To optimize the core tail breaking mechanism
of the whole-stalk step-by-step sugarcane impurity remover, this study proposes a novel staggered-tooth roller
structure that exploits the fact that the strength of the sugarcane tail is significantly lower than that of the rest of
the stalk. Based on ANSYS, a flexible multi-body coupling dynamic model of sugarcane and roller was estab-
lished. With the maximum principal stress as the evaluation index, the center distance, rotational speed and stag-
ger angle of the roller were optimally matched by virtual orthogonal tests. Finally, field experiments were con-

ducted on the physical prototype under varying feeding rates to validate the simulation-based optimization results
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and the practical effectiveness of the new mechanism. The evaluation indexes included the maximum attainable
tail-breaking rate, the qualified tail-breaking rate, and the stalk body damage rate. [Result] Simulation-based op-
timization results indicate that the core tail-breaking mechanism with the novel staggered-tooth roller structure
enables more uniform stress distribution on sugarcane stalks and effectively reduces the Z-direction displace-
ment, from —115— 156 mm to — 84 — 63 mm, demonstrating a marked improvement in stress state. The or-
thogonal test revealed the order of significance among the influencing factors. The optimal parameter combina-
tion was determined as a roller center distance of 303 mm, a rotational speed of 218 r/min, and a stagger angle of
13°, under which the maximum principal stress of the sugarcane stalk was 11. 390 8 MPa. Field experiments con-
firmed that the improved mechanism achieved qualified tail-breaking rates of 95.34% for single-stalk feeding
and 89.76% for four-stalk feeding, representing an increase of 6. 36 percentage points over the pre-improve-
ment rate of 83.40% . Meanwhile, the main-stalk damage rate remained below 0. 50% across all operating condi-
tions. [Conclusion] The staggered-tooth roller-based tail-breaking mechanism can effectively optimize the

stress distribution on the sugarcane stalk and improve the tail-breaking performance. The optimized design can

meet the requirements of the whole-stalk step-by-step sugarcane impurity remover.
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1. Upper tail-breaking roller; 2. Lower tail-breaking roller;
3. Leaf stripping roller;4. Upper feed roller; 5. Lower feed roller;
6. Sugarcane conveyor belt; 7. Leaf crushing roller; 8. Sugarcane stalk.
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Fig.1 Schematic diagram of the whole-stalk step-by-step

sugarcane impurity remover
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Fig.2 Schematic diagram of staggered-tooth
tail-breaking roller
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Fig. 3 Force analysis of sugarcane tail-breaking process
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Fig.4 Schematic diagram of segmented sugarcane geometric model
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Table 1 Parameters of segmented sugarcane geometric model

X Bt FERIH/MPa MEE /N X Bz FPERL G /MPa MEL /A
Section Elastic modulus Poisson’s ratio Section Elastic modulus Poisson’s ratio
1(J&# Tail section) 400 0.40 3( B Middle section) 800 0.38
2( Fp 3 Middle section) 600 0.38 4 (3L Basal section) 1000 0.35
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Fig.5 Shell element settings of sugarcane tail-breaking
roller in ANSYS
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h represents the center-to-center distance between the upper and lower rollers. a denotes the stagger angle between the rollers.
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Fig. 6 Plan sketch of rollers in the sugarcane tail-breaking mechanism
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Table 2 Variation of the maximum principal stress under different mesh schemes

X SI B3 i — = 1.
% o s 2 o0 KL Bi}\iﬂjj]/MPfl /% S o A 2 o0 KL Eiki@jj/Ml?? W/ Y
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Fig. 7 Simulation analysis of the stress distribution on the sugarcane stalk during tail-breaking process
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Fig. 8 Simulation analysis of sugarcane stalk displacement during tail-breaking process
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Table 3 Influencing factors and level settings for sugarcane tail-breaking quality
Y = f (e f s s JETE
KT WIEIRETR (A )/ (xomin ) L0 (B) /mm B2 HE A (C)/ )
Rotational speed of tail-breaking . .
Level Roller center distance(B) Roller stagger angle (C)
roller(A)
1 218 298 5
2 228 303 9
3 238 308 13
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Table 4 Orthogonal test scheme and results for influencing factors of sugarcane tail-breaking quality

= Wi AR A% (A)/(r-min 1)

¥ Rotational speed of tail-breaking fr‘ﬁ':’r‘:ﬁﬂ“l)?ﬁ(_l&)/mm ﬁﬁﬁi‘%ﬁl(C)/(‘))‘ ﬂE_'ijCjEJTj_jj_/MP‘a
No. roller(A) Roller center distance(B)  Roller stagger angle (C) Maximum principal stress

1 218 298 5 16.52

2 218 303 9 11. 64

3 218 308 13 6.51

4 228 298 9 16.83

5 228 303 13 13.25

6 228 308 5 10. 37

7 238 298 13 21.01

8 238 303 5 16. 32

9 238 308 9 12. 26
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Table 5 Analysis of variance for orthogonal test results of factors affecting sugarcane tail-breaking quality

B (218 r/min) £E 34> % K b A, B RE W 2 W
FE R J 2 2R .

SES Ss 1 ¥75 r P A
Factor Freedom Mean square Significance
A 37.73 2 18. 86 12.65 0.075 ok
B 106. 08 2 53.04 35.57 0.028 ok
C 1.34 2 0.67 0.45 0. 680
%2 Error 1.99 2 0.995
S Total 147.13 8

TE oo FORAE @ = 0. 05K F i B3 .
Note: * * indicates significance at a=0. 05.

BK & B 3/MPa
Maximum principal stress
11.390 8

9.63143
7.87207
6.11271
4.35334
2.59398
0.83461
—0.924 755
—2.684 12
—4.443 48
—6.202 85
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Fig.9 Simulation analysis of force conditions during

the sugarcane tail-breaking process
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Fig. 10 Tail-breaking test device of sugarcane impurity
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Table 6 Compsrsion of test results before and after improvement of sugarcane tail-breaking
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5 4 (1 3% 3 DR fol 28 B8 L0 A B4 ) AT A 55
“H o)

PRAEME S0 T W7 e A Ak R 4 . B IR A5 BLE
D)EE X A% 555 43 20 T 1 B 2% AL 18 2 HLAS) 7 7E S A A R R 1R 45 R O Ak 2 i - H T BT R 1 HE Y

BT AR SW R AR 2 & M8, &t T —Fh 2 HRGER

VIR AR B W ALY . dE at ANSYS 5 B4 B &

B, 5% GE LA AR L, %08 B 25 4 g 15 H I A2 J1 (&% k]

A R N XA E ML e I S & rE R (1] XUPekE, ORI, 5 . H RENUR LI R R 5% A Bt 4

Wt I 3 B A, AT B T T R AR WIT] AR HLER 2024, 55(12) 1 1-21.
2) i 1 B TE A 0 % TR L T I R 4 5 0 Liu Q T,Huang Y, Jiang J L., et al. Technology and equipment
YA ELUA ’ 23 =H 7

of sugarcane harvesting mechanization review [J]. Transactions

PRl 2R 110 R A 3 B A R BT v B > T R R A

of the Chinese Society for Agricultural Machinery, 2024, 55

%E>%ﬁ%iﬁlﬁ%i%ﬁo Eiﬁ:%ﬂplbﬁﬁﬂﬂ 303 mm, (12):1-21.
eyl O 218 r/min, SR F SR O 130 WTR ARSI (20w o). s LA 0 R e R (1), O AL,
R A T, H RS2 30 320 ) e Kol 2022,53(16:34-38.
11.390 8 MPH,E%{I%ETH%H{T%%;* ,ﬁl{ﬁﬁ%f Chen L C. Development of sugarcane mechanized harvesting
MKM@E'I %Kﬁi‘i 0 50% technology in Chinal J]. South Agricultural Machinery, 2022,53
(16):34-38.

3) [H i) 56 F 3 56 26 W, ke 1k Ui 1 7 R R 2 '

| :J%\ - %;E E, ,f““ H J%f % “ﬁﬁ (3] R REET . HBEBUMAL I A SRS B(T]. o A BLAL
W W AR, AW R R R R T 89% UL b Bk 240 2022,43(2):50-59,142.
PERTHRTE T 6. 36 1> 70 sl i 45 R -5 07 H B0 Xiao W, Lu J P. Analysis of sugarcane mechanized harvesting

P, AL %iEjl: R OIR B 15 45 44 BE % Pk H technology[J]. Chinese Journal of Agricultural Machinery Che-



%34

IR ), 25 AT 20 405U H REBR 25 MLIBT R ALK el it 5 2 Btk

179

[4]

[6]

[11]

[13]

mistry, 2022,43(2):50-59,142.
RO . BUBRA X TP A R A T RCR I S [T ], op [ o
HLAL 2441, 2019,4009) : 216-222.
Wei J N. Influence of mechanization on sugarcane production ef-
ficiency of farmers in Guangxi[J]. Chinese Journal of Agricul-
tural Machinery Chemistry,2019,40(9):216-222.
AW SR R0, 45 op [ RECRBIL I R e IR
BT i Rl RHE ,2025,45(1):126-132
LiM C,Zhang S S,Li X Y, et al. Development status and pros-
pect of sugarcane harvester in China[J]. Tropical Agricultural
Sciences, 2025,45(1) :126-132.
Huo P,Ma S C,Su C Y, et al. Sugarcane leaf-stalk separating
technology: a critical review [ J]. Biosystems Engineering, 2023,
228:120-148.
TR, 5 A RIBUARAR R T O RE EORHE A
b BT [T ], Al B2, 2021,41(5) : 79-85.
Wang Z N, Yang L., Yang T, et al. Effects of different mechani-
cal harvesting methods on the storage quality of sugarcane raw
materials [ J]. Tropical Agricultural Sciences, 2021, 41(5) :79-
85.
KUPRIEE , MG , sk , 45 . TR AT S 3B 5 WO ST ML 1 T 38 -2
BRG], RPLIST, 2025,47(11) . 74-82
LiuQ T,XuP,Wu T,et al. Design and experiment of leaf strip-
ping device for vertical whole stalk harvester before cutting sug-
arcane [J]. Journal of Agricultural Mechanization Research,
2025,47(11):74-82.
B OO, X L AL A R L A LA A
R R (1], i R B 2022,42(2) £ 115-120.
JiaD E,Gao X X, Liu G Y, et al. Research progress in the de-
velopment of sugarcane mechanization in the hilly and mountain-
ous regions of Yunnan Province [J]. Tropical Agricultural Sci-
ences,2022,42(2):115-120.
BT, EWE R A R E A ORI R —
S [ A RS ]. RBLAEFSE , 2013,35(6) : 247-249.
Luo C G,Wang S X,Peng Y K, et al. Studying on some prob-
lems of sugarcane combine harvester development in China
[J]. Journal of Agricultural Mechanization Research, 2013, 35
(6):247-249.
IR . HRE ST 2B ML R e X T A7 1 5 28 U AR R A
(7). Ak 9 RTIE , 2024, 14(3) :52-54.
Yang M D. Study on the feasibility and economic benefits of
sugarcane step-by-step machine harvesting and impurity re-
moval mode[J]. Agricultural Disaster Research, 2024, 14(3) :
52-54.
JRTS 2% W L0, 25 01, 45 L RERF 2UH BRI - 7 R AL
vt S [ T]. R LA, 2012,43(6) : 73-78.
Ma F L, Jiang H M, Li S P, et al. Design and experiment on
cleaning leaves and breaking tails mechanism of whole-stalk
sugarcane harvester [J]. Transactions of the Chinese Society
for Agricultural Machinery,2012,43(6) :73-78.
L W Bk, BN A RRT ST RE U AR BILIET R AL K
PUR B TE[T]. W R 2 2 4 CT 22D, 2016, 50(9) : 1662-

[14]

[16]

[17]

[18]

[19]

[20]

[21]

1670.

Xie L X,Hu J B, Wu J F, et al. Virtual experimental research
on tail-breaking mechanism of whole-stalk sugarcane harvester
[J]. Journal of Zhejiang University (Engineering Science) ,
2016,50(9):1662-1670.

BN, RN, XU PRIE , 45 . B FF 2 H BRI 5 L i e
HURLT]. ek HL 27 4, 2013(4) 1 89-94,107
LuoJC,0OuY G,Liu Q T,et al. Tail-breaking mechanism of
whole stalk sugarcane combine harvester [J]. Transactions of
the Chinese Society for Agricultural Machinery, 2013(4) : 89-
94,107.

e, B MG, EARAL, 55 L /NBL T RO BIL R i 7 AL A B
S5 [1]. RALHFFE, 2020,42(12): 166-170

Lai X, Yang P, Wang W Q, et al. Improvement and experi-
ment on the leaf-cleaning and tail-breaking mechanism of the
small type sugarcane harvester[J]. Journal of Agricultural Me-
chanization Research, 2020,42(12) :166-170.

SOV RG], B AR A BT T RE A AR AL DD 0 ) R A
25 5 R Z A A s B g [T]. R LA A R,
2014,35(6):196-198,151.

WulJF,Cheng S M, Wang J, et al. Cutting force and Brix con-
tent differences in all parts of the whole stalk sugarcane and
their correlation research [J]. Chinese Journal of Agricultural
Machinery Chemistry,2014,35(6):196-198,151.

XUPCEE , DB, ZE A8 . H 25 6 25 M A 3 R iR [ ] 4k
Al CAR A4, 2004,2003) :6-9.

Liu Q T,Ou Y G, Yuan N X. Bending load induced failure
forms of sugarcane stalks[ J]. Transactions of the Chinese Soci-
ety of Agricultural Engineering, 2004,20(3) :6-9.
V258, IRGAE B A . R BHJE B S e T s e 1 U B
PEAFTLT]. A E AL 25, 2025,46(9) : 227-233.

Tang SY,LinJ X,Huang J Y. Vibration characterization analy-
sis of a large-damped viscoelastic sugarcane defoliation element
[J]. Chinese Journal of Agricultural Machinery Chemistry,
2025,46(9):227-233.

B UK, REVEE , TR . FTREWT R LA AR AR T Y 407
MGG SRR [T ], WU R 22 2 i Rl 5 AR i B2 6D
2015,41(4):483-491.

HuJB,WulF,Wang J. Virtual simulation analysis and verifi-
cation on working stability of sugarcane tail-breaking mecha-
nism [J]. Journal of Zhejiang University (Agriculture &. Life
Sciences),2015,41(4):483-491.

T8 AN B30, 45 M RE ST 04 07 2 e R 58 o3 B
(], 2 BURL 2 BE ¥ 4, 2024, 38(5) :51-57.

Ma Q S,Li T J, Xue W, et al. Experimental analysis of me-
chanical properties of sugarcane stalks [J]. Journal of Anhui
Science and Technology University, 2024 ,38(5):51-57.

X, R, ZR R L 45 . R T AR B Hertz 2845 il ki 4 4[5
T T T R ) S s sl g A A (D] BUAR R A T, 2014,
50(1):91-97.

Liu J, Shao Y M, Qin X M, et al. Dynamic modeling on local-

ized defect of cylindrical roller bearing based on non-Hertz line



180 PO AL R ARBHE ICr 2 4e CH AR B 2 jD o5 55 %
contact characteristics [ J]. Journal of Mechanical Engineering, [24] XUBRKE, XMW 0, % HEZEF AL R P
2014,50(1):91-97. BT RIS T]. Al TR 241, 2006, 22(6) : 201-204.

[22] XRT A 0%, 5% HREBGR D) R R 5 8h )y 0 s R LiuQ T,0Ou Y G,Qing S L, et al. Failure tests of sugarcane
[T AeWLABEFT ,2019,41(9) : 15-20. stalks under torsion, compression and tension load[J]. Trans-
LiuY D, Yang W, Yang J, et al. Dynamics simulation model actions of the Chinese Society of Agricultural Engineering,
of cutting system for sugarcane harvesting[J]. Journal of Agri- 2006,22(6):201-204.
cultural Mechanization Research, 2019,41(9) : 15-20. [25] A g f, DOBURI, XU DCIE | &5 . 3k 147 2 f67 X 0 o e 2
(23] BRIEH, EMG, XBAE 5t . BT 2 0 RE [ 45 45 e B ik 00 [ il 4R 5 L], Rl ALK 41, 2012,43(4) 1 60-65.

VIR g AT Ak oy M [T ], g R4 22 4 CH SRR 2 /O |, 2023,
41(2):218-225.

Zhang J M, Wang P,Deng Z J. Shear stress-deformation analy-
sis of torsional circular shaft based on the assumption of mul-
tiple thin-walled circular tubes set[J]. Natural Science Journal

of Hainan University,2023,41(2):218-225.

Mou X W,Ou Y G, Liu Q T, et al. Elastic dentation roller
type sugarcane leaf-stripping device [J]. Transactions of the
Chinese Society for Agricultural Machinery, 2012, 43 (4) .
60-65.

(AL % 3 m e -F)

(EHF 1697 )

[33]

[35]

[36]

Hayashi K I, Arai K, Aoi Y, et al. The main oxidative inactiva-
tion pathway of the plant hormone auxin[J]. Nature Communi-
cations, 2021,12:6752.

PERER], TR #, S 45 NaCL e F 7 2 MiAd ABA R
AR DG HE K 22 S Rk AT [T, PH LAl 241, 2024, 33(4)
664-672.

Liang W L, Yu W J, Hu J H, et al. Differential expression of
ABA metabolism-related genes in Lycium barbarum under
NaCl stress[J]. Acta Agriculturae Boreali-Occidentalis Sinica,
2024,33(4):664-672.

Aguilar-Hernandez V, Loyola-Vargas V. M. Advanced pro-
teomic approaches to elucidate somatic embryogenesis [J].
Frontiers in Plant Science, 2018,9:1658.

BUEAE A F5 L AR, AF R B R 2RI M R R A
AT R B PR LT ]. Mol B2, 2008, 44(8) :47-51.

[38]

Yuan Z H, He X L, Xu Z, et al. Metabolism and related en-
zymes activities of sucrose and starch in the stages of bulb for-
mation of Gladiolus hybridus [J]. Scientia Silvae Sinicae,
2008,44(8):47-51.

Xavier L R, Almeida F A, Pinto V B, et al. Integrative pro-
teomics and phosphoproteomics reveals phosphorylation net-
works involved in the maintenance and expression of embryo-
genic competence in sugarcane callus [J]. Journal of Plant
Physiology,2022,268:153587.

Lt Z,Yu L X, Zhan H, et al. Shoot differentiation from Den-
drocalamus brandisii callus and the related physiological roles
of sugar and hormones during shoot differentiation [J]. Tree

Physiology,2023,43(7):1159-1186.
(FTAE% 45 R & 4h)



