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Leaves and

Shorten stem
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1.1 BEXRELMERE

BWEHE, 5 LMF OB A S briE, T4
R X S SRR A T 30~40 cm,  KRER 25~40 cm, #
VI X B S Sk MR ATEE 25 cm, #REE 17 cm, SRR
PPk, P2 24TER 44T AWFFREEHL T LLE R AL K
BRI PR 2t 1 T S Sk AR R 2O W B, Bk
ATHE m 3 33 cm, #KEE n 433 cm, ACZESE A5 30 cm,
ZEVRHERE 1 R 30 cm, ZESE f4 160 em, T3Sk TR
AR r(FITT S MR, B 24T, kT2
FHFS 2RO AR, WA . O R 2 Sk
AR RETT % g b 60~130 cm, MR A& FE p ol
60~80 cm, ZifiZEKE s 4 20~30 cm, 1 1 FoR.

a. F R R =
a. Schematic diagram of tumorous
stem mustard model

b. AT ]

b. Section view

c. I

c. Top view

VE: om AATER, om; n AKKER, cm; A OMRZERE, cm; fRHZER, om; [AEEEE, om; r AT L TEERMER LR, om; g AEELM HARRIFE

&, cm; p AMFIMAERE, cm; s AZERZEKEE, cm.

Note: m is the row spacing, cm; 7 is the plant spacing , cm; % is the ridge height, cm; f'is the width of the ridge, cm; / is the width of the furrow, cm; 7 is the radius of the
soil cavity of tumorous stem mustard, cm; ¢ is the natural unfolded width of tumorous stem mustard leaf, cm; p is the height of leaf and petiole, cm; s is the shorten stem

length,cm.
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Fig.1 Schematic diagram of tumorous stem mustard and its planting agronomy
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Fig.2 Structural diagram of mustard harvester
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Main parameters of mustard harvester

1 Values
2000x770x1 300

Table 1
24 Parameters
HEHLT (Kox 8 x 57 )/mm

JRAELB) J1/kW 4
WIRAT SR 2
T HEHE S /(km-h ") 0~0.5
AT P /mm 270~490
MRRMLAL AT I A B (5 HB T £)/(°) 30~60
B TR/ (hm* h ™) 0.039
DIARIE 2 EHLAUR A & (S HIRIYESA)/(0) 10

I 23 456

LAHLSC e 2 AT 3. AL 4. 3 FP 5 5.0 R R BEAT IR 2 26 B 6. 7K B4k
W 78 7. 5K B 8. 5K B 9. 9K B TR 10,077 T SCHE AL 2 45 11 \B) )25
B 1200 e SR BN 13 0 T SCHE AL 144645 1508 V1)) 16.)) FL i BE AT
17 505 B AL 185K B4 1915 20080 2117247 22 57K B 23 LA
1.Motor support 2.Leaf throwing lever 3.Motor 4.Active synchronous wheel
5.Cutter regulating lever fixing device 6.Tensioning wheel fixing bracket
7.Tensioning wheel 8.Tensioning plate 9. Tensioning spring 10.Profiling support
frame fixing device 11.Driven synchronous wheel 12.Profiling support device
spring 13.Profiling support frame 14.Latch pin 15.Sliding cutter 16.Cutter
regulating lever 17.Spring limit bracket 18.Tension roller 19.Rack 20.Bolt
21.Timing belt 22.Bearing seat 23.Motor shaft

B3 F R kAR ket AUl L,
Fig.3 Composition of the root cutting and leaf clamping
mechanism for tumorous stem mustard

1.4 BYITIOTESRE

Bk g 22 E gy A 28 3R L e
AFE VI AR R T e D) E],  nT RE B 2R
TFPL e AR R, S R AR AE K, T
FEROT 3 RS HOR B O™, ik, A
TP VI AR 46 5 253 T DI

HSS( 3 4N ) 38 5 FH >t il 8 ) A o o 18 70 5
FATRAF s B MBI, BTk, 1EH HSS /E R v 1
VEM B, FEARUETE V) )AL 58 FE i 4 R e T i Y1 T
REAKSH, W 4 PR, JIEKE L8 60 mm, J)
JIKSE [, 4 185 mm, JJIH % [, 9 40 mm, J]HJEE
I, 4mm, JJWHEAR I K 20 mm, JJORVE oy 21.8°,
TIN5 TIAISH B R 25.6

hhnag 2 AR D) )RR, Al 2 40 ) ) ) i
B, WE S PR, AT 2B VIR VAT HATE .
NI 7 DAB TN A YN W =5 § 5, N W A B N (1P
REL g RORUE DI R, e D 70 A B 0 s B ml g AT 3,
W Y11 T JI4E xoy MR FEIA N y, 1E xoz HIHGE 5 I
ACFTHITE g @, P RATIELCME d BEE 0 180 mm.

a. LAl b. LI
a. Top view b. Side view

e LRI KE, mm; L2JIIKE, mm: L2J)H %, mm: [, 2
JVRJERE, mm; 52 JIMEAE, mm; o RIVARE, () B2JIH 5L
KA, ()

Note: /, is the back length of cutter, mm; /, is the length of cutting edge, mm; /; is
the width of cutter face, mm; /, is the thickness of cutter, mm; /s is the diameter
of cutter handle, mm; « is the slope of cutting edge, (°); f is the angle between
the cutting edge and the side, (°).

A4 BN HFER
Fig.4 Sliding cutter structure parameters diagram
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Cutter regulating
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Fig.5 Installation diagram of sliding cutter
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Regulating
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a. ML b. LI
a. Side view b. Top view

e Fo Rt mBdy, No F R PATUIRR PRy, Ny F 2+
B JIRIISCHE S, N F, Wi DI R E Ty, N FoONREHED,
N: Fe LHEEEEET), No Fy2UIHID0, N F 2 JJ R H3EMmsa s, Ns
Fy WV JIZ B AR BTy, Ny 0 2 DA D LA AL AR Y5 1 T 1 92 #
©): v AERHEST FEE, msT.

Note: F_x is the resistance in the forward direction, N; F, is the thrust of the
parallel root-cutting and leaf-clamping frame, N; F, is the support force of the
soil on cutter, N; F, is the pressure of slip cutting on the soil, N; F is the chassis
thrust, N; F; is the soil friction, N; F, is the cutting force, N; F, is the breaking
force of cutter on the soil, N; Fj is the radial resistance on sliding cutter, N; @ is
the angle between the frame of the root-cutting and leaf-clamping mechanism
and the ground, (°); v is the speed in the forward direction, ms™

B 6 &R )5 H
Fig.6 Force analysis of sliding cutter during cutting process
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sy, FL U1 VRN BH g 5% 7 S Sk SR AL REFE 1
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K HRe. AXFETEHOICHE (discrete element method) %
SR U T E AR, BN D) IR R L
Sy BT D) IRV 38 RE AN PR D) 1K # %68 1 HAE MK BE T 1)
A
2.1 ERMHERE

PR DB B EE LS L S TR
PRAEE FRI0E, HRIVER S SR Ey, IR TR R &G
PEZEM DB S B M EE g R %, Bk, 76
EDEM 2020 it A 713% i Hertz-Mindlin with Bonding %% 7!
1A - 8- R RO 2 [R] (4 B A, KR s SCHR [15-171,
2ng g T R RS g, - (Rl R A
74 Hertz-Mindlin 28, 1% $% 2 WL ] Standard Rolling
Friction ARAE A -3, 13- T) HL IR B R R

- HEOR 5 ) L A (g

3
F = —k,62 (8)
5 .
Fi=-2 \/;gr Vkm*8, 9
F} = -k, (10>

Fi=-2 \/gg Vikm's, (11

KA FFF o 0 v g vk vk e i, Ny F
FUFGy 50 Ay U1 sk S RY) i BHLJE J1, N3k, VLRI
FERB, ko =2E(r6,)"?, N/m; E %M KR,
1/E =[(1=v})/E, +(1-v))/E,], Pa; E, M E, /& W 4% filh
Yk BB, o, A o, 43 5052 BB Al A VA RA b, TS
SRR, U =UrtUry, my o KDy 2 R
MEREAE, ms 0, )AL BV ) 4 &, ms kA2 Y]
NI R E, k=8G (+0,)"%, N/m; G &2 sy vl &,
1/G'=1/G+1/G,, Pa; G, Fl G, & W5 5 fuk 4y () 85 1)
S ML V)M 4>, my SR, &y
(0?2412, 1 BB RZE: m RS R, Un'=1/m+
Umys kg, my K my JEPEEARY T, kgo S, K160 5l A2
AT V5 ) 0 S R T3 2 V) 1] 43 2, /s

Rk 45 2 1T 1% ] Hertz-Mindlin A7 H5, kG
gh Ja ORI (kR s YR A R N 0, JETE
B A W 18] 25 A OB o6 17 g Y g R ) R AT O
U210 s (12) ~ (15) . K4 5 - 3 50k 1 45 5
PR AP 7 B .

oF, = —v,k,S 6, 12>
oF, = —vkS 6, (13
oM, = —w,k Jo, a4
oM, = —wlknJ% (15

Kb By FE 30 VE I AIY) ek, Ny M, R M,
WYL A, Nem; v, A v 43 ) S 35 Uk v 1)
FYI R, miss o, Al o, 53 ) A2 75 7 FY) ) 3B,
rad/s; SAEREEZIEIRL, S =nRy, m’s Ry BRE4iEE, m;
J ot IR SR, J =Ry /2.

R 1

Particle 1

Pl
»QQ% Segregator
W
i 2 ku
Particle 2 ¢,

T e M e 23 RRIE AP S LE, &, Bk 2000 Rk m Aol NI RE,
g R A

Note: ¢, and ¢, are the normal and tangential damping ratios, respectively, &, and
k, are the normal and tangential stiffnesses, respectively, and z is the friction
coefficient between soils.

B 7 R AR
Fig.7 Soil particle contact model
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2.2 BHMTHESH
2.2.1 EEAIEAK

B N T SR SRR DX S R 8, R AN
B FRIRT] (M : ©79.8x20 mm, 100cm®, 55 g) HX
FES K, XF 5 REUAE 138 K 3R J) T RO RS
0.01 g) FRiE, REHEAAET L% E N 1720 kg/m’;
SR FH TE A 2000 3P BOKR R 11.52%; X
100 g MET-/0 38R 5y, FFLAR R/ 24 1T 0.05 mm
i o as AT IR 4, ARG T RSP AT Rk, DA 10
BRI E A2 =2, 1~2. 0.05~1 F1<0.05 mm 15855k
25.15%-. 31.63%. 19.20% F1 0.86%; K LERE (N
1240 mm, {5 200 mm) $&FHEN E IR L A R
Sobel HILRI - il geith 2, WA Lagdkab £y 33.1°,
W 8 Fan. 3R LA BT D) AR S B SCHR [23] 239
fifisE 4 0.35 F1 1.02x107 Pa.

a. TR

a. Soil accumulation map

A8 LEMIEAMNE
Fig.8 Repose angle measurement of soil

2.2.2 AR

TS EOCE ERN e, T R
357%. EDEM "1 GEMM wizard # i T K f5 ook 52 720 %
P, ARG I AME S B i 2 4. 9 GEMM
BHE PRSI AR e iS4, RNy 22 Sk [23-26] i
TR R, - TR AR R, IR
SHEEHE R A, HSS ML, HSS JHARLL, HSS #y A
i, LIE-HSS W RE, 1IE-HSS WEESREL -
HSS 3B R BEE XS, W3k 2 PR,

®2 BRINAMESHK

Table 2 Soil-tool simulation parameters

b. Sobel 1121l
b. Sobel edge detection

®3 MERMESH

Table 3  Sticky bond simulation parameters

Z ¥ Parameters #{H Values
T TR 1) KU BE/(N-m ™) 2x10°
PP TR 18] R B /(N-m ) 2x10°
i i 1) 8 77 /Pa 1.5x10*
I D119 )3 1 /Pa 1.5x10*
R4k 248 /mm 3

¥ Parameters H{t Values
e /(g om™) 1.72
THEARA L 0.35
LRI/ Pa 1.02x10’
+ 4R R 0.3
- M R R AL 0.75
I IR B R 0.231
TN 55 /(g em) 8.7
TR AR A L 0.3
TR FG A L/ Pa 2.1x10"
- AT S R 0.3
- AN R R R A 1.04
+ - T AN B B TR R L 0.228

7. Bonding 4% filA A r i if B2 E LA IHIRRT 1) I JE
BT AR I W SE Sl PR R N A7 Il S D) ) ) MR
givAt. SO (27-28], AIVNSERRE SR, BWOE
SR A Tl P R A5 BT RO i I RE S I B 1

2.3 TE-JIREEERBERERSHR

BLRLRRAT 2 M DI IAE L3R iz s o, @ —
A~ 500 mmx420 mmx120 mm [ A8, %8 4 e UEURE
R R FLBR AL, Ok dE S LN AR K, g A R A A
SR Y A2 0 BBl B AE 1.5~3 mm, UK T AR s A
A TC PR A IR e TR 42 CR VR ML 0 v T D)
JIJIHEE L3R Z 50 mm; AR YE T S SL R HLER 8 7Rl
BeR, wEWYIIMENERE H 0.1, 0.2, 0.3 1 0.4 m/s ;
WA (7 BE PRV JII AR5 50 60°. 90°F 1200,
R ILHEAT 12 4, AR R w9 o

&
&
&\9\ o

500 mm
a. 11 b {5 -
a. Soil tank b. Soil section after operation

|

d. PR efEALE

d. Smooth operation period e. After operation

c. fEk Y

c. Before operation

B9 -7 RAfritaz
Fig.9 Soil-cutter interaction process

K9 T En, ARNEINY, FE) ) S HL R AT R B 5
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i 2L IEN . 7E Analyst FIESE x J7 n) B JJ B F7HE )T )
(AR SINE VN S (N4t s P i= S b= a7  DAK (34
BHE 725 AL B Q1] 10 Frzs o Wi 0.3 s Jh b R AL 10 A
B3 7S R DL K b S ORE 2 [A] JE RS 2 Bond B 1) 3
e, 2k ) BARNI ] A TR AN [ 2o T A
FELT RS2 ma A, HERR R S T4A, 10 4l
WA AT AR B .

ML 10 AT%R,  FED) IRV R, 52 B RH
K5 L JGUDAL 2 BT 1) [ PN A 1 T g8 22, BHL D 16 OK
FARNERE T, AEHE— I [ g U1 ) I 5 AR g 5
IEAHDG, I — R ) 5 R DG, L R 2 1K — I ]
AR A7 DALY ik coti e i i Pl s =87 DAD Yt N
BT IR ) P 5 A8 gk TR AR B OR,  BERORE 2 1) PR
SRS 2, K. WY 1N T
Jo. TRV IR AN, AN T N S SRR
HIREER AN, FECE D IR K
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——0.1ms",60° —— 03ms",60°
250 ——0.1m's"',90° ——0.3m-s ", 90°
——0.0ms ", 120°—— 0.3 m's ', 120°
200 ——02m's",60° ——0.4ms,60°
z ——02ms',90° ——0.4ms',90°
3 150 s ——02m-s", 120°——0.4m-s ', 120°
E 100 o ol
50
0L =
0 1 2 3 4 5

i) 18] Time/s
e IR i D) IV BRI A

Note: The datas in legend mean the working speed and included angle of the
sliding cutter.

B/ 10 71 EAkdkras

Fig.10 Cutter working resistance

Wyl se e Nt E R B, M BT )
YEMVIRFELE 0.1 m/s I, fe KB 30 214.29 N, JJHJE
£E 60°, 90°. 120°M 344 E ML FH 3451124 107.38+ 103.60
1 94.64 N, VEMVIEELE 0.2, 0.3 F1 0.4 m/s I KPH Ty
294 19315, 169.49 A1 133.93 N, 7F 60°. 90°. 120°
f) S 15 VR NV BH 7 4 Y 133.07. 125.80 A1 114.44 N ;
147.01. 137.61 F1123.70N; 156.19. 146.97 F1132.24N.
2.4 TR

h B UE AT BNV BE g 43 Bt 5 SR v SE R, RS LAl
5 AT S B0 E
2.4.1 RXIEEH

TR0 H A VU O AR B0 3k b, 356 B R)
6 H 25 H, L4350 X Al g 3, 2
AT B R B 5 RS K RO 5.36%, A RS A
1 700 mm*600 mm %450 mm, X% T & B4 A —AHHEAL

(WSS-4P 2.2 kW) . $7 Jj £ &% 4% (JLBS-1 !, # 7%
500 kg)~ B BRI AHK, WK 11 iR,
WG TFLRATR LA R e B 250 AR ER, ARG
OV BIE, R REAE A R A AR, T
S ) IR ST O 8.27 kg/em’.

1. BIE 2. P AR 3S 3. —AHEIHL 4. F3h1F 5. A8 6. 280 A b 7.
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Fig.11 Soil tank test platform
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Fig.12 Data acquisition flow chart
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Fig.13 Comparison analysis chart of soil tank test results
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191.06 N, M350 52 K BH 43 50 0 17411, 149.10 AN
128.42N; 181.80. 151.98 #1139.96N; 200.08. 153.91 Al
140.44 N, HAHXFRZED 04 2.72% 11.95% FH 22.10%,
5.88%. 18.90% £ 16.75%, 6.63%- 22.13% #i1 26.49%.
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L HOTER S 50K B 1 ] SEE

3 HEREYRNRLE

7 IDARTIE A | iR a g 87 AR (N A s A i v 2P ]
SCOTATRW, IR R 2 20 DI BE S
VIJIJ A . B DD H0 B8 mT 00 0 BE g 5 1 )3 A
Ko ABIIEM V) I HIREER, WU T FEA A RN R
BRUIRI 2L, e DI 4 2R A B 2R Bk 0~20 mm
s, RIS D) 4 R ZE AN [ A AR 25 K NAS ] 5 3
PN AN Rk, SEREPTE DI 1A, WPIIME
b3 P R ) 4 25 A 3 2R IR T I B B AE e U0 1Y)
Fi1) BEL 77 P 5 i BT 35
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T ) ) v e - 38 BH Dy B (RS TR AL VI 38 S 4
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PE A 600, 90°. 120°H1 150°, 47 %0 25U SIHH 55 % &
0. 10, 20 A1 30 mm. F A 25050 I, 5 A 0k A
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Fig.14 Schematic diagram of test material and cutting position

H 4 50, WU TIENEEE S 0.1 m/s DI FH )
h 20473 N, BEAE VNI BE & 25, UIHIBE )tk
IR, MV EE AR 0.4 m/s IT)EIEE )k 344.25 N;
WY TIIe S 150°0F, YIMIBH I/ K, R 336.32 N, 90°
INHDIEIRE S 87N, 4 261.19 No ALE 60°~120°0F, H
PIJIF I 290.83 N i/ 51 261.19 N Fitf K3 271.44 N,
FWIE 60°~120° 2 [AAAAE— MR AR, T REALDIHI

BH s b0 g o iHIHIEE 34 299.65 N, V)& i
SR, PN, YIEIEEE A 30 mm N, IEIBL )
14312 N,

x4 BREFANLER
Table 4 Results of single factor test

# HufE VIHIBH g

Factors Values Cutting resistance/N
0.1 204.73
VeI R 0.2 243.44
Operating speed/(m-s ") 0.3 293.90
0.4 344.25
60 290.83
N IpAD S ] 90 261.19
Sliding cutter angle/(°) 120 271.44
150 336.32
0 299.65
e 10 238.37
Cutting distance/mm 20 211.92
30 143.12

3.2 Box—Behnken i

FR P B PR 250 25 S, UIHIRE ) B D) i 5 A
Ky AHRAE GG 2 WY EI 42K, D)EIPE Bk PR
0~20 mm, VI JIMENERE 0.1~0.3 my/s, 351 )9 £
60°~ 120°# 4T Box-Behnken % . % 5 WK%,
PIERREE AN 15 Fios.

=5 MEFERKEE
Table 5 Test factor level table

T TR TERERE PR
Level Operating sPeed Sliding cutter angle Cutting distance
cevels A/(ms) BI(°) C/mm

1 0.1 60 0
2 0.2 90 10
3 0.3 120 20
o B AL

bzl TN JeR J23 Pull and press

Slide cutter Shorten stem Fixture Chuck machine

Computer

i FETE ] 4

Angle controller

SCEEPR E Nk

Support base  Tumorous stem mustard
B 15 %48 £ 3R
Fig.15 Shorten stem cutting test
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WE, SR B AR S AE AU D) F R bl R s
He I BB AL BT, DR R v s R s A
O IR ORI R Ty, WD) T A e A R A o s 2k
TR, 2RI IAERE s R b, i D) R 4
2258 2 VIR 58 B — R
% 6 4 Box-Behnken W77 M4 5R, 3L 17 41k,
HrRe5 4. 64 9. 14, 16 Kyrhuonf 4l
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Table 6 Box-Behnken test results

W PIHIBL )
Test No. 4 b ¢ Cuttlng
resistance/N
1 3 3 2 174.09
2 2 1 3 239.32
3 1 2 1 251.66
4 2 2 2 341.95
5 2 1 1 387.19
6 2 2 2 225.55
7 1 1 2 188.71
8 1 3 2 184.31
9 2 2 2 234.07
10 2 3 3 282.75
11 1 2 3 134.35
12 2 3 1 207.03
13 3 2 3 221.74
14 2 2 2 226.49
15 3 1 2 354.71
16 2 2 2 325.84
17 3 2 1 331.04
k 189.76 292.48 294.23
k, 274.47 254.74 250.64
ks 270.40 212.05 219.54
e 84.71 80.43 74.69
Y1) BH 7 34948
Average]J c?ljtltzin?rieljsi%ance/N 253.58
ERVSES 4, B, C

Primary and secondary factors

W oav by c WA By CHUKTE, e N ki kv ks IERZE.

Note: a, b, c are the level values of 4, B, C, and e is the range of k,, k,, k3.

P B ZE0E e T8 - PR 285565 DY BEL g R/ 5% i =3 0
RS VI I . WY 1Y, DB R, 17
AR (9 T VIHIBH F1 4 253.58 No M3 7 J5 225 Wi 45
ST, WU I bR R T ) I A D0 BE g A [E]
VAR 8 25 HORBIOAS 2, R WIE 2R 50 ¥ vh R FE K
SEIEEE A, [R5 SR L AR i A DG A o
HYIIVIEIEE S R R 5 R A

R=23831+1704.81a-0.27 b—-20.90 ¢

=14.69 ab+2 ac+0.19 bc (18
% 7 Box-Behnken iR¥ =S
Table 7 Box-Behnken test analysis of variance
; AR H .
SkvE A % oY1
Source Sunm of Degrees of Mean square F P
squares ferrdom
A
Model  57379.92 6 956332 376  0.0318*
a 13 004.81 1 13 004.81 5.12 0.047 2%
b 12940.38 1 12 940.38 5.09 0.047 6*
c 11157.19 1 11157.19 4.39 0.062 6
ab 7763.37 1 7763.37 3.06 0.1110
ac 16.04 1 16.04  6.313¢-3  0.9382
bc 12 498.12 1 12498.12 4.92 0.0509
k7 25409.51 10 2540.95
AU 11957.75 6 1992.96 0.59 0.7303
a7z 13451.75 4 3362.94
JS878 82 789.43 16

e *RRIZIMEFE (P<0.05) .
Note: * indicates that the item is significant(P<0.05).
3.3 mESHIRKK

TEIE AT T e il g v vt LR VE N, Dhdse /NI HITBE )
A H PR, A Design-Expert #k£F KOG AL ThREIE H 1)
R AR RGN EIWER P Ris = E Rl SE (BN AT Y3
0.1 m/s, HHYIJIFA 65.66°, VIFIEEES 19.94 mm, Hig
VIHIEH 2 128.63 No 2y 5 {3 K 18 1) ) e i IO Oy

65°, DIEE B L J 20 mmo.
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20 mm EE 3 RUIENRL, A RIVIHIBH MR 141.24,
156.32 F11150.65 N, 5 ELSUIHI AT R 22537100 9.8%-
21.53% F1 17.12%, % Box-Behnken 15~ F-345 4751 1343 51
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4 & i

BERT BB Ll X S SRR A S B % e T, AR
Fe P AR 2 g V) U Sk BGR AL, LR — X
PESE RO T 22 Sk I UIAR . R RIEE, IR s b
TN S HOHAT A R, FEL .

Dt TS0 MBS HOE T
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Development of the sliding cutter for the shortened stem of
tumorous stem mustard

XIANG Wang'?, SUN Yuhua?3, LIU Fanyi**3, LI Mingsheng'?3,
XIE Shouyong'***, KE Chao'?, HUANG Yao'*

(1. College of Engineering Technology, Southwest University, Chongqing 400715, China; 2. Southwest Agricultural Equipment
Innovation Center, Chongqing 400715, China; 3. Chongqing Key Laboratory of Agricultural Equipment in Hilly and
Mountainous Areas, Chongqing 400715, China)

Abstract: Brassica juncea var. tumida (tumorous stem mustard, TSM) is one of the most important vegetable crops of the
Brassica genus of the Cruciferae family. However, the low level of mechanized harvesting cannot fully meet the large-scale
production in the TSM industry. There is a high demand to shorten the stem cutting for the better integration of agricultural
machinery and agronomy in the process of mechanized harvesting of TSM. In this study, a sliding-cut TSM harvester was
proposed to optimize the operating parameters of its sliding cutter. Firstly, the structure and working principle were elaborated
for the TSM harvester and root-cutting device, according to the agronomic requirements of the TSM harvesting. The sliding
cutting was analyzed to compare the current shortened stem reciprocating and rotary cutting of TSM. The shape and structural
parameters were determined to ensure the working strength of the sliding cutter. The installation of the sliding cutter was
clarified, according to the force analysis. The contact parameters were calibrated between purple soil and slide cutter in the
southwestern region. A soil-sliding cutter interaction model was established using EDEM software. A simulation was then
implemented to analyze the impact of different operating speeds and cutter angles on the working resistance of the sliding
cutter. The results showed that the angle between the sliding cutter and the working resistance was negatively correlated at the
same speed, whereas, the working resistance of the sliding cutter was positively correlated with the working speed at the same
sliding cutter angle. The soil tank test was conducted to verify the reliability of the parameter setting in the discrete element
model, indicating the better performance of the sliding cutter. The cutting test was also carried out to optimize the test
parameters, with the cutting resistance as the evaluation index, and with the operating speed, the angle of the cutter, as well as
the cutting distance as the influencing factors. The results showed that the operating speed of the sliding cutter was positively
correlated with the cutting resistance, whereas, the cutting distance was negatively correlated with the cutting resistance. The
cutting resistance first decreased and then increased, when the tool angle was from 60° to 120°. The influencing factor of
cutting resistance was ranked in the order of importance: operating speed, tool angle, and cutting distance. Furthermore, the
operating speed of the sliding cutter was 0.1 m/s, the included angle of the cutter was 65°, and the cutting distance was 20 mm
after optimized rounding. The values of cutting force in three repeated tests were 141.24, 156.32 and 150.65 N, respectively,
where the errors were 9.8%, 21.53%, and 17.12%, respectively, compared with the theoretical of 128.63 N. Those values were
44.30%, 38.35% and 40.59% lower than the average cutting force in the Box-Behnken test. The optimal parameters of sliding
knife operation were also verified. The findings can provide a strong reference for the mechanized harvesting of TSM,
indicating the important engineering application.

Keywords: agricultural machinery; experiments; discrete element; sliding cutter; soil tank test; tumorous stem mustard
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