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Note: F is the tangential force, N; F. is the normal force, N; F is the horizontal
component of F, N; F, is the vertical component of F, N; v is the conveying
speed of sugarcane, m's™.
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Table 2 Scheme of single factor experiment

MR FREAEE o o e
EVaesEiL ‘Fis
JK3F Rotation speed Rotation speed of gj:rlaJ ijijﬁﬁjh ?fi?ﬁ
Levels of feeding leaf stripping pping ‘eng

roller/(r-min™) roller/(r-min™) and leaf stripping element/mm

1 200(1.88) 200 6

2 250(2.36) 300 12

3 300(2.83) 400 18

4 350(3.30) 500 24

5 400(3.77) 600 30

TE: 155 WU R R R ZE AT E S, ms™.

Note: Values in brackets indicate the corresponding stalk conveying speed,
-1

ms .
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Fig.5 Results of single factor simulation experiment

PR IR A R R, &R AT mIA R (R
NFRETHE) o R R e X ZEAT 5 R e s K
JE T LUK ZEFTAE R et 3o R v i 52 [ U AELIS 3 92 1) £ 15 B
Y, BERESCORTERER B, SCRER) (25 A28 B 5 0
Y. EFIEEE ORNRERED | RHARE
el R ZEAT 5 S T A FE B B AR AL H R R 2
R 3R BFE AL T LWL R, FHERLZ
[ AT REAF AR AR T, DRI s 208 1 e it — AP i 7 =
N S AR (R S

4 FIMSHMRE

HEFHRE S

WK 6a fiizn, HHERIM AL & F 2k 2 AENRE
A1 AR RS, WAREESN 180 mm. LR
R I VR B AT e A NLZE b, i BN INAR R
HhC R T DU H I BRI [F B BT MR fE A
RN HR R 4> A 2 & LR LIS . i 6b Fios,
FIM AR 6 HERIM R AR, AEHERIH R 2225 20 B
mootE, oot R R AR, AR 85
HA. FIMoofFZ W23 55N 10 mm FIFRHR, wTELA
AR St 2 08 1 BE ¥R 77, (RN e G 55 e B 8 224
FIMARI EAZ N 270 mm (] 6¢) , FIM TR E .
B RN E 43590 100, 30 A1 10 mm. 5 HER] Il 7E 58
fal e B, TR 2R S R o R
K.
4.2

4.1

ETEy e

RSB T T PR R Bt (GRAMHRER,
22°38'N, 107°54'E) KA 10 5, FiHERA] N 2018 4F 4
H 5 Ho 58T 2019 4F 1 H 5 HAE) PERMA U 7B
AIRAF AT, WIS IEH AR R, ZHEH.
BB H . BEALEE 20 #RHBE, AP
KRN (2253+147) mm, ZHRRERN (EKELITY S
) JEFHEKEN (1763+119) mm. Xf 20 R HRERIZE
TR B EURE, RRAR H R AR S A A ToT 58 1 1 ]

SEREIFHE 1~2 v, 70 I 5 A 25 AT A S A B AL i
bR, SRR 3 PR,

M4 Frame
AN
Floating rod e HIN R
W = Leaf stripping
Feeding roller roller
ik HLAIL FF ey
; FI T
Conveying Leaf stripping
motor element
S HLAL
Leaf stripping
motor

a. HEERIMRL &

a. Sugarcane leaf stripping test bench

L
Leaf stripping element

T
E%ﬁﬁﬁﬁﬁ |

410 mm
b. R A EALE c. RIMRFEZEME
b. Main view of leaf stripping roller c. Left view of leaf stripping roller

B 6 HERITiKESEAI TG
Fig.6 Sugarcane leaf stripping test device and leaf stripping roller
x3 HREAHEEFAHEEREY

Table 3 Basic properties of Sugarcane stalk and leaf
sheath for experiments

Partition plate

Z£FF Stalk IH-# Leaf sheath
A
ST Ak % 2 A9k 2 .
Parts . Moisture  Total Moisture
Diameter Length Crude
/mm content  soluble /mm content/ fibre/%
1% solids %
content/%
IR . 26.144.1 62.841.2 22.5+0.3 316.5£2.1 17.6+0.8 61.7+1.4
Bottom region
. il . 22.6+3.8 67.3£0.9 19.7+0.2 337.4+2.6 43.8+1.3 52.6+1.1
Middle region
Tﬁﬁg, 20.243.5 73.740.7 14.8+0.3 251.7£1.6 62.9+1.143.1+1.2
Top region

T RN 20 Co
Note: Environment temperature is 20 C.
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4.3 RWARRIKEIER

RIS WK Box-Behnken /7%, RIEAK R E
RIGLE R, EBUBNEAEE, FIMH RS
I T BE R 0 /KP4 71128 300 r/min. 400 tr/min
J 20 mmo TEH RN RS, SR EHR
AR RE N H BB A 2R, N T BRI YA
[FEIMEN & T AE N, AR R AR AE N — A%
Kiebr. I3 27 4, BMAEERM-1 A+l KFEH
Hedl, 0 /KA 154, Hpasdos (RIFrARHEZE 0
AKFD 3 A, W TFACFRIBUIR 4 frox. AR
HEESEIN LR, R FE e e AR AN T

*4 REEARKFERRE
Table 4 Levels and codes of experimental variables
SR TT

O OMAREEE RUHREEE  OBBRIE )
K Rotation speed  Rotation speed Overlapping Feedin
Levels of feeding roller of leaf stripping  length of stalk numb e%
/(r'min’™") roller/(r'min™")  and leaf stripping
element/mm
-1 200 200 10 1
0 300 400 20 2
+1 400 600 30 3

XA ACH BRI, BORIEH RERR T & A R
M A FIZURALN, &Rl EEES A A Hne 45,
ARG N T 3%, AW, BT H RN T
WREBIEIN, REH AR+, Z5 3 B )y A
B, SRR R R R (V) EATERR, RESH
PR BRI R . RIS AT A 2Bk, 8 EAS7E IR
R AT R B A R B S R R iR R 2 . 25
FFHIA R ARG, RN B I RE i 2,
PR E ML B BT . ARIENUAT ARE (IB/T 6275—2007
HorEcEpU W56k RIS TR A TR 2R
AR H B R M, R85 T EH R E m,
e T LR 5 B R A Y S R LR m e KRR
HR Y iR (4 .

m—m'

Y= x100% D

’

M-m

ICHHE K FH SAS 9.3 /W b3, J+ KA —ik %
T AfRbr S AR EZ KR, W77 2 55t [E
VAR TR 25 o DR 2% 10 2 3 MR EAT AR 0R,  JRRI R St 2
BERBRNISH BB TS0 e 25 (R AN
RIVATIR R o AR YE 27 A AR R e NAE 5 H AP B 4w
T (BT U 7, 5 ) ] DA 2R o o7 g TR 558 v 2 1)
B Ja R AR AL T, FIH MATLAB 2017 #AEXE
R AT, R & R LA 7E L ZE 3K 1)
BESHAE . ERIEREH, KA EERG RSB0 H
MRt FEREAT R B, LAor B 25T A 5 R o aR G AE B
1R I A2 DA H R 25115 3 I 72 13E 3R L
4.4 RBERSHW

IR WK 5 o, BHARKES 8 KT
He RN RIMABENRGIRZENET, HRRIEN
BENLEEAT, RIS AR P ZEF T WA

x5 REARRER

Table 5 Experiment scheme and results

ER AN ES

%'y

X X X X -

No. 1 2 3 4 Non clt;;;:ng rate
1 -1 -1 0 0 12.0
2 -1 1 0 0 3.4
3 1 -1 0 0 9.0
4 1 1 0 0 7.2
5 0 0 -1 -1 3.1
6 0 0 -1 1 7.9
7 0 0 1 -1 8.5
8 0 0 1 1 9.6
9 -1 0 0 -1 52
10 -1 0 0 1 6.8
11 1 0 0 -1 7.3
12 1 0 0 1 11.5
13 0 -1 -1 0 6.2
14 0 -1 1 0 9.3
15 0 1 -1 0 38
16 0 1 1 0 6.5
17 -1 0 -1 0 4.7
18 -1 0 1 0 7.6
19 1 0 -1 0 7.1
20 1 0 1 0 8.4
21 0 -1 0 -1 7.5
22 0 -1 0 1 10.3
23 0 1 0 -1 53
24 0 1 0 1 7.5
25 0 0 0 0 3.8
26 0 0 0 0 32
27 0 0 0 0 4.1

e x ARNIRRE RS xp AR BREE R x5 N SR
TR R K B A,y IR B S R .

Note: x; is coding value of rotation speed of feeding roller; x; is coding value of
rotation speed of leaf stripping roller; x3 is coding value of overlapping length
of stalk and leaf stripping element; x4 is coding value of feeding number. The
same below.

RIS S5 BT 7 Z 0 Hr, ERWE 6 Fian. R4
FER R FAZ Y FIGeit pral Al (E P<0.01 K E, —
W\Iﬁ X1~ X2~ X3~ Xy :/Jb\Iﬁ X12\ X22\ X42 &ifﬂﬁ X1X2
WRE, KW x2 BE (P<0.05) , HAANEZE. Hif
(1) p /T 0.000 1, Yo REL R A 92.65%, BB [H] 45
RN . RIT PEN 0.164 5, [RIEAETIRL ARG FE
B

SNBRAN .2 100 f5 453 21 e SR (213 5 FE A
Y =3.700 +0.900 x,-1.717 x,+1.425 x,+1.392 x,+2.104 x’+

1.700 x, x,+1.829 x3+1.167 x;+2.141 x;

D)

R 6 A1, MENFRRE RS H R AR O
NI F (P=0.0051) . i MATLAB 2017 &4
) 3 S0 A e A e S TR 4R S = 2k, Wil 7 Bt
N, P MRNER R S R R R ) B, R
FF e MRS B, R B 1 RgmASTEEN, R
AR R RAG wME . HESLETTE, KRG RIER]
P2 5 Tl I ) 8 A T SR R N T e T I ) AR AL
AR, R R O AR R R O T RN
[BEgtiEAITR
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Table 6 Analysis of variance results of regression models

ey A o5 ¥175 F i P
Sources Degree of Sum of Mean F values P values
freedoms squares squares
l\il%)gil 14 149.982 10.713 10.804 <0.0001""
X 1 9.720 9.720 9.802 0.0087**
x 1 35363 35363  35.663  <0.0001"
X 1 24368 24368 24574 0.0003""
X4 1 23.241 23.241 23.438 0.0004™
x? 1 23.613 23.613 23.814 0.0004™
x? 1 17.845 17.845 17.996 0.0011™
x5 1 7.259 7.259 7.321 0.0191"
xi 1 24463 24463  24.669 0.0003**
XX 1 11.560 11.560 11.658 0.0051"
X1X3 1 0.640 0.640 0.645 0.4374
X1X4 1 1.690 1.690 1.704 0.2162
X2X3 1 0.040 0.040 0.0403 0.8442
XoX4 1 0.090 0.090 0.091 0.7684
X3X4 1 3.422 3.422 3.452 0.0879
-
Re’fiial 12 11899 0.992
iy
Lacglfi}fﬁt 10 11.479 1.148 5.466 0.1645
Pif:?zf;r 2 0.420 0.210
SR
Tofal 26 161.881

e FREREE (0.01<P<0.05) ; “FRREFRZE (P<0.0D) .
Note: * means significant (0.01<<P<<0.05); ** means highly significant (P<<

0.01).

% 510 — ,
= ) \ \
28 Post N VA A
2 2 g
K§5 ¢ B \ )

TSR 4 &3 00 - A
sl B N T
RS2 00~ o030 ER T : :
oilion €i75703) 577 0705 B e R oIS A
UppiPecy T O N a0l =70 05 00 05 10
Cropllegy  pooO  Z T\ 4
’ fee S Rotation speed of feeding roller

a. A H.PH e B T b. ZHETA LR
a. Response surface plot of interactive factors b. Contour plot of interactive factors

B 7 RS o Hlot R A et R A 8
RE#M
Fig.7 Interaction effects of rotation speeds of feeding roller and
leaf stripping roller on non-cleaning rate of sugarcane leaf

4.5 [EIVFRBMM R IEIE

MR AT RE, LR R R K0 B AR e KR I
LA T

S =Min(Y)
-1<x =<1

ot -1<x, <1 (6)
-1sx =1
-1<x, =1

£ MATLAB 2017 A R A7 F2,  2R95 R
WM Z 5 x=-0.5, x,=0.7, x3= 0.6, x,=—0.3,
RPN FR (AT #4538 250 r/min, FIMFEFEFE 540 r/min, 2%
FES I T K 13.9 mm, MEAKEEL 1.68 Hl. It

i RE R RNE RN 2.2%.

T B UE R AU B AR S EOR AL SR,
FITEMENAR BN AR 2 AR XL AL 5 (N AR 12 5
250 r/min. FHEREHEE 540 r/min M ZEFF 5 H oS
K 14 mm % BRI E T IRAIERE, RALE
I35 60 AR, BRI I ZEAT R E R R . R 4h
KB, BARRMNZMT, B RRFRCE 2.0%, M
RN FAET, B RRNRER 3.1%. RN T HIE
RIS S5 R S L5 MR EAXNRZERN 9.1%, KT
AL R AR TS, R LA AR R T R
FELT AR BOR

5 HEXMIESEREREHFEDH

N R 25 43 AT I A 1 SR S o R DA ZEFF RIS Btk
&, ERUERE T, & AR 5 g
FEHH TR . W 8 Fiw, MR ETRET LA 3
B M b SRR . B AT S R oS
QSB[ T G B2 SN BN N SIS S
IR, ELEETEZEFT B2 ot a1
BB AT, BRI S A S ER (K 8a)
R oty 5 ZEFT R B . I ZE AT IE B A Y, i
FRUG GBS ZEAT o LI ZEFF 5 R0 4 (1 38 4K B A
TSI IOR, BT R oA (2 v T 25 AT 1
FILTH R, R TR IR AT I R AR X 2R
B, AR R (& 8b) MR ZEFEE). o
B ut B 2RI, RN TG R e R ZEFT AR I
3, BFERIMEE RS, ZA SR oS E
BN, RIS I . AE IR RE A
TOPEH R B AT IO B P, AR B 2R, S
M (K 8¢) o FEUIMIE, FIn o RMEE T
525 ) — IR Aok SR RS, R R
HHEAERZ R, Hit, fERMREERE—eEL T,
Pl G RN (5, A H I DOE S sl mid b
R R R R B, AL ZEFT S R e 7E o e fi, %
FARZEAT AR FR R 2r B, eAh, AT DL 222 22 %) 3 e
A, PRmRI IS ZEFT A EAE R

iz F e SR AL AR B8 ) T 4 4 H R S ok R
F¥ B 14 5 N\ Blaster’s MAS #5485 X 2257 Ei0dR10 A
OB EE, SRAF ZEFFLE R P w3 - (] it 28,
WE 9 From. B Sm 2 SR PN s H I 0 3 it
e, Hia g2k ot 5 ZEF MM EER. M
N HRfE e 40 250 r/min. R H-48 7% 14 4 540 r/min DA
K ZEF SR oK N 14 mm B, HBEZEFH
ko B K EUAE 2.3~2.9 m/s [T Bl BN . 43 7T
PERRIIZEFF I, ZEFF40% 0 B R AR R B0 8l o 7 3
WIS TF AR, ZEFF RN TR, HWIahE L
TR0, MR MR kS, 78R 1 0 B A H
N ZEFF PRI 1) 5 s, TR I 2T G o 3 R AN
BT R0 T X 2R R IE VR, ZEFF 0 B ik
FEZRH P ER SRR 5 1, AT N
I H A ZEAT 5210 R A 13RS5 3 i A A7 7R A EAE
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a. Upper part of leaf sheath separating from stalk b. Lower part of leaf sheath separating from stalk c. Leaf sheath sliding along stalk
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Fig.8 Sugarcane leaf stripping process
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Simulation analysis and experiments of leaf stripping process for
whole-stalk sugarcane harvesters

Xie Luxin'?, Wang Jun'*, Cheng Shaoming®, Zeng Bosheng?, Yang Zizeng®, Chen Baoshan®*, Huang Youzong*®

(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China; 2. College of Engineering and
Technology, Southwest University, Chongging 400715, China; 3. Guangxi Agricultural Machinery Research Institute Co., Ltd., Nanning
530007, China; 4. College of Agriculture, Guangxi University, Nanning 530004, China; 5. State Key Laboratory for Conservation and
Utilization of Subtropical Agro-bioresources, Nanning 530004, China; 6. Province and Ministry Co-sponsored Collaborative Innovation
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Abstract: The operation quality of the whole-stalk sugarcane harvester stripping mechanism has an important impact on the
residual sugarcane leaves after harvest. Reasonable operating parameters can effectively improve the stripping quality of the
stripping mechanism.A finite element model was established in this study to simulate the sugarcane leaf stripping process to
analyze the stress and force changes of stalk and leaf stripping elements during this process. In order to obtain the optimal
operating parameters, the influence of the main operating parameters of the leaf stripping device on the leaf stripping
performance was analyzed, especially on the interaction process between the stalk and the leaf stripping elements in the
process of leaf striping, as well as the stress and force distribution of the stalk and the leaf stripping elements in leaf stripping
process., Single factor simulation experiments were conducted based on the finite element model. In addition, the effects of
rotation speed of feeding roller, rotation speed of leaf stripping roller, overlapping length of stalk and leaf stripping element on
the maximal stress of stalk and leaf stripping element were evaluated. The results showed that with the increase of rotation
speed of feeding roller, the maximal stress of stalk decreased and then increased, increasing continuously with the increase of
rotation speed of leaf stripping roller and overlapping length of stalk and leaf stripping elements. A sugarcane leaf stripping
test device was established based on the simulation analysis. Six rows leaf stripping elements made with polyurethane material
(with a length of 100 mm, a width of 30 mm and a thickness of 10 mm) were mounted evenly on the roller shaft. Box Behnken
design and response surface methodology(RSM) were used to analyze the effects of rotation speeds of feeding roller and leaf
stripping roller, overlapping length of stalk and leaf stripping elements and feeding number on non-cleaning rate of sugarcane
leaves. Experimental data were analyzed by using SAS 9.3. Through nonlinear optimization, the optimal operating parameters
were determined as rotation speed of feeding roller of 250 r/min, rotation speed of leaf stripping roller of 540 r/min,
overlapping length of stalk and leaf stripping elements of 13.9 mm and feeding number of sugarcane of 1.68. Under these
conditions, the predicted value of non-cleaning rate of sugarcane leaves was 2.2%. The results of verification experiments
showed that the non-cleaning rates of of sugarcane leaves were 2.0% and 3.1% respectively when the feeding number of
sugarcane were 1 and 2 respectively. The high-speed photography experiment results suggested that the leaf sheath stripping
process mainly included separation of the upper part of leaf sheath from the stalk, separation of the lower part of leaf sheath
from the stalk, and sliding of leaf sheath along the stalk. The conveying speed of sugarcane fluctuated in the range of
2.3-2.9 m/s at the rotation speed of feeding roller of 250 r/min, rotation speed of leaf stripping roller of 540 r/min and with the
overlapping length of 14 mm. Under the high rotation speed of the roller, the conveying speed of the stalk fluctuates violently,
which leads to the stalk fracture. The study results can provide reference for improving the leaf stripping performance and
adaptability of whole-stalk sugarcane harvester.

Keywords: agricultural machinery; optimization; harvest; sugarcane; leaf stripping device; simulation analysis; high speed
photography
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