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ARG T 8 BT A I SRR 25 B
K ARG | 5 BE TE 3% 1 56 A1 Box-Behnken i 56 i
S T SERFRRG G5 B A S B G 5 45 G T SRR
il 25 A TR R D) R A 6 1 LR 06 T SR DI AR i 6 24 5
AL, i VIR 5 B R L S8 A B VTR
% S 5 F R DR % 5 R0, I T J il Sk
A WCARAIL U] i 0 326 2he B 1 (8] X, A v S B A5 Wik
IR 26 2 5 25 40 Ok R AL 3R 27
1 MBEFE
1.1 BYEWSTEFRE

H B0 & B 41LYZ-2.0 B0 SR B G IR MLES #4
WME 1R, FEEARSEAINR 1R KL
FAEEI G AL VIR R B R o B e R
Sy R E WRIK ) RGO RS . RS
MR AE P AR %6 R 68 510 T 1Y) 3[R T B U 4k
%, 3P & b SR e e i 2% 0 )RR A ke
E R UIRE VTR B SR PR DD 8 0 26 5 R A
FHTE % 2 Gk Ot A o 2 20 8 1N 5 IO b 23 25
JU 1 R A 1 N S8 U RL RN A X i, &
I 58 G =R B DD ik BRSNS e A

1 2 34 5 6 7 8 9
1. % R %8 Reel; 2. # 5 Header; 3. Y)W 41l 3% 2% & Shredding and
throwing device ;4. 25342 Cab; 5. iR 43 25 %% ¥ Threshing and sepa-
rating device; 6. Ji$ #k Chassis; 7. Jig K43 1 75 1% %€ - Cyclone separa-
tion cleaning device; 8. #il4%#1 Winnower; 9. XAl Fan.
Bl 4LYZ-2.0 BB & BRI SR 540
Fig.1 Overall structure of 4LYZ-2.0 rapeseed

combine harvester

1.2 YIRFEHE TIEE 72

RIS ORI LR e B 250 5 T AR 7R
NP 2 i, R R AR DIRRR T BT AF AR
LR H 65 IS I ok A AR PR , 7 TR R A 5 )
ISR R #EA IR IR 2 B, D) RRIR 1) 16— E iU 4k

Rl ALYZ- 20 BB RBREWRINEEZERARSE
Table 1 Main technical parameters of 4LYZ-2.0 rape-

seed combine harvesting

S Parameter Bf /¥ 3 Numerical value/form
£ /mm Length 5000
%&/mm Width 2300
= /mm Height 2 800
fii# 3 J1/kW Supporting power 72
F0E /mm Cutting width 2000

1337738 Walking mode
P4 #47 Z /mm Stubble height
18575 2, Drive mode

ST H SRR RR DD W, A T2 A R R 3l SRR R
KA o DRI AAT X DI W7 (8 A — i 9 3
T3, K VIWE & 09 R 5 3 15, B2 U0 RE IR R 1 5%
3y, UIREJ B9 W0RE 2 2O REIR 1 2 A ) 4 g Ay
O ST R 35 DD 0 226 5 58 P BE ALK 28 M 7
BN, 8BNS YR ik D R A, DR K
FENSHUINE 2 PR .

JEA A Crawler self-propelled
100~350
W E Hydraulic

1. 3M A B Rape plant; 2. B A %R Feed drum; 3. YJ#EIR % Shred-
ding drum; 4. B 7¢ Cover; 5. 8 1 25 #F Broken stems; 6. ¥k Rape-
seed.

2 PIWihEEE TIEERE
Fig.2 Schematic diagram of the working process of the
shredding and throwing device
x2 YIEEEEFESY

Table 2 Main parameters of shredding device

ZH Parameter Bl /X Numerical value/form

DIWRR ST SE1E /mm

Shredding drum width o80
IR ] EA% /mm

. . 442
Cutter drum diameter

VIWETR (5% i

)?ﬁi{&ﬁﬂ:L/(r/mm) 400600
Chopping drum speed
VI BB /mm Shredding gap 20~30

. ELIFHRT)

Y1713 Cutter f

M1 Cutter form Flat knife with straight edge
V) 714t Cutter quantity 10/20/30

1.3 HSEHFFAL B IR AR 4 BRI 0E
S FF AL N R BRJE B 1, HOBKOE B O
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95.38 %5190 [H e T KE i SRR fRT AL N BR IR AME . 1%
HRAME 52 - I SkERE 20 191, b 5 RO 45 1 427
¥IE 0 1.96 mm. ARHEFRME ASAE S368.4 DEC2000
(R2008) , ¥ i1 2 AR i B 78 JFAA (SRS 18 L A 7 P fh
JE 455, H 40 B 8 N #G8 E 5 mm/min, fil &
F1200.1N(E 3),

3 AL 4RI
Fig.3 Rapeseed grain compression test

T SRR B R 4 0 2 2R R il SRR
PR 24280y 12.23 NCET4) o b B4 AT, Il SRk RL
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TG B B, SR & AR A8, 880 B A T 47 o 7% 1Y
RS BN B LR IG5 55 — B B O il SR R 1
2 43 2o SRR R IT RE 7K A2 A BR IS i SRR
FARK AR, A 15 B 5 RABLIS BROR AR 5 55 = Bir
B ISR R | T4 - R 4k 22 1) T LR | 2 fir
Freehg .

/N Load

0.0 02 04 06 08 To
fiif%/mm Displacement
4 HSEFFR R HESR SRR - &
Fig.4 Load-displacement curve of rapeseed
during uniaxial compression
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1.4
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P T 235 S A 24 ST DR AT SRR I ST | T SR AT
AR FURL 285 56 a1 ] 5 TR o

A SRR Rapeseed ; B : ORI FE A Particle filling model;
C R 253454 Bond model.
5 HSEATRIAL AR
Fig.> Rapeseed bonding model
K F Hertz-Mindlin 5 %Y F 17 i/ 52 k7 07 240 R

i 05 B (1 6) o Sl i = e Solidworks #57.
LA 45 1 56 A8 )RS A EDEM b, ) 0 B 46
KRR AL A TR IE B 2 mm &b, 46 I
6] T iz 2y, € JE 4 - #z 3 3 5 mm/min.
T SERF AR AR AR 2 BONHE fith 2 BB A S N 55 3 B
R R AN 6 s B KR 4410 s
6 R I3 A d/ VBB AR

1. 45 742 Compression plate ; 2. i1 3 47 KL A Rapeseed bond-
ing model; 3. JlK#% Bottom plate.
B6 i SeAT L A R 4R 7 ik i AR Y

Fig.6 Uniaxial compression simulation model
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BE T 3R 2 UIWR A 25 4% T S BOE II E  i
PE AL P TG 2 50 10,20, 304, VIR
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Table 3 Simulation model parameters for

uniaxial compression of rapeseed

28 Parameter ¥l Value
TS FFRIAMA L Poisson” s ratio of rapeseed 0.25
SRR BT DI /Pa Shearing modulus of rape- L1X107
seed '
SRR % /(kg/m®) Rapeseed density 1060
FERL-FFRL R 5 R Rapeseed rapeseed colli- 03
sion recovery coefficient ’
AT -FTRE R EE 4 2 Rapeseed rapeseed static o4
friction coefficient '
FERLFFRLTR 2 EEH I 2 Rapeseed rapeseed rolling 0.015
friction coefficient ’
FEhr - it VK &2 2 5L Rapeseed-steel collision re- 0.62
covery coefficient ’
AP R EE 22 2 Rapeseed-steel static friction 0.215
coefficient ’
AR VR Bl EE 2 [ 2 Rapeseed-steel rolling fric- 0.0125

tion coefficient

A4 26 15 B0 36 I 5] 9 10 s, 475 L% B Rayleigh B} ]
HRHF6.9X10 0 s, ISR Ry 3R IURL A%
SAEF=A 7 363 2004~ A%, W&l 7 i .

WORL T

§
Et SOk

-
s Q

7 VIR B
Fig.7 Shredding and throwing device model

IMSRERFRLAG R 1L FRAR X 52 2%, TEWT IR T L, R
DL— 5 HYH0 RE IR 2 DR 05 5 B N L TER AL
FPRES PIRE R TR b 1 0 R 7 A e bV T 5 B AR
s g, FEVITER A 5 BRI R DIRE TR B N L IS
FPRLS ORI 2 8 T ) PR TR fA A5 55 7 AR i
JEAE 5 S5 Jm FFORLAE D) 0 VR A Y o1 5% A R 4 i o
M 3 R v S T SRR L A BT i SR AL B 1R
BB 8N

7£ EDEM J5 2B 73 il Grid Bin Group , W43
R TR 2% 2k A 90 0% i T8, 5 %% Grid Bin
Group Xl R/)N , B 3h B AN ISk RL | o Jd
i FEDRG 235 J50K7 5 15 (bonded particle method ) , 764/
I3 Hr R AT LU B SRR RLRRE B SME o SR

8 (FEARE il AR AR S

Fig.8 Damage state of rapeseed in the simulation model
SIS RPRLZ AR RS R, JH %8 Grid Bin Group Xk
JIN AR R B 9 SR KR AE Grid Bin Group X 38 Y 8,
A 52 U 1) I SEAFRLAE Grid Bin Group X/, 43
5 B AR it i RF R R 52 B Y 3l S FF L, 7E Grid Bin
Group DX 8l A8 F14 71 S KPR 52 SR 38 €6, XSO AR 114
PR TSI R 2L URTIP Y E S TR S &2
/b Grid Bin Group 8 3l 21 i 65 3 S kF kL L, 15 51
BN B A I AT R B I UG T IR (14 il S AT
KLY TR . THEIN SRR B 3

Y, =" % 100% (1)

SRV, Y, 5 SRR % s S
IR PR SRR g, S (7 IR 3

SRR R TR, g,
2 FHRE55H

2.1 HSEAFRLELR SR B R REC I IR I

THSE KRR A 1 1] ) B 2R 0 X U0 1] Y R
X M 4 ) 7 T X W 500 1) 07 3 X, S o 45 A 7R
MBS L SR B 4R ) R 56 4
RER, XX, X X 2050 1.1X10° N/m L 1.1 X
107 N/m. 1.1X 10 Pa,1.1X 10 Pa i}, 1 3 ¥ kG
SERERY R AR A o 1.8 N 2 X X, X, X, 43 ]
9 1.1X10"° N/m. 1.1X10" N/m. 1.1xX10" Pa,
11X 10" Pa i, I 34T R0 45 A5 78 R 40 1l 07 28 A
23.6 N,

Sk it — 25 W A% PR 2K B X ], R AT IR
BEMESE G, LA X, X, X5 X, MR AR ek ff Y
S Fa bR AT NS o T SRR AL B R T X ) B AR A R
12.23 N, {5 B Flial 55 % 3 48 1.8~23.6 N, AR
i PG 25 2R ] R, X X 00 s A AR 3 AR 5 e O I
AH I, Xy X 0T e 48 R 6 1 4 5% o B0 G, TR I 12
FE XX Xy X BRI A 430 R 1.1<10° N/m 1.1X
10° N/m. 1.1 X 10" Pa,1.1X10" Pa, % & & K N i
R X [AME ) 20 %0 , e BENCH RS 45 R a2k 4 s .
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Table 4 Steepest climb test plan design and results

%6 Box-Behnken Bii[E i &E R

Table 6 Box-Behnken uniaxial compression test results

BB X/ X6 X X/ FE X0 N0 X0 X0
No.  10°N/m) 10°N/m) 10°Pa) 10" Pa) No.  10°N/m) 10°N/m) 10“Pa) 10" Pa)

1 1.1 1.1 11 1 1.80 1 5.1 3.1 7 5 7.95

2 3.1 3.1 9 9 6.06 2 7.1 5.1 9 7 13.43

3 5.1 5.1 7 7 10.38 3 3.1 7.1 7 7 9.41

4 7.1 7.1 5 5 14.86 4 5.1 7.1 9 7 10.67

5 9.1 9.1 3 3 18.45 5 5.1 5.1 9 9 10.65

6 1.1 1.1 1 1 20.70 6 5.1 3.1 9 7 10.04

g g e N 7 3.1 5.1 7 5 6.58

FH 2% 4 AT R, Y SRERTRRG 45 455 0 B gt 1 447 17 L e . - - ) ) 53

[N J. o) e} Hels

I @ 33 K 965 g 8 28 i 228 Y7 14 I, Ay 3 6 v Al 9 51 1 ; ; 977

2y A LS 22 R A9 152 22 S 08U 3, 0 B R 4 Aar 10 5.1 5.1 9 5 9.35

15 22 1 4 R 2 i nooon s o 1L47

22 WFATHIME SR Box-Behnken it 3 2 s 8178 62

- . - 13 5.1 7.1 5 7 9.73

HR A B BENC R 0 45 2 | e H 2 55 1 4 59X 5 43 u . L . ; 096

SRR AT AEK T AN E S AP Box - o, a1 1 s

Behnken {55 (£ 5.7 6) . 16 7.1 5.1 5 7 11.94

x5 BEBWMEHLKEEERBEE 17 7.1 31 7 7 10.01

Table 5 Uniaxial compression test factors coding 18 3.1 5.1 5 7 7.10

o) X/(X10°  X,/A(X10°  X/(X10°  X,/(X10" 19 o1 o1 > I 1027

Code N/m) N/m) Pa) Pa) 20 o1 3.1 5 7 7.28

1 a1 1 - - 21 5.1 5.1 7 7 9.90

0 - - ; ; 22 5.1 7.1 7 9 10.38

. 7 1 9 0 23 5.1 5.1 7 7 9.29

24 5.1 3.1 7 9 7.97

g 57 W Al S 2 5 X0 00 Y SRR A AR B 14 268 1T 5 i) 26 5.1 7.1 7 5 10.59

P00 RUNZBB AN SH GBI Z I ¥ 71 51 75 1L

XRBE S P=0.2247 KT005 Rk T T T T e

29 3.1 3.1 7 7 5.86

A RAF o PRI A5 R AT Z o0 B A5 SR A
335 IR HH A Tl SRR AR AR Y BB 2 A 55 A2 4 [l 1
TiREN -

Y =9.53+ 2.29X, + 1.21X, — 0.52X; (2)
2.3 HRAFHISEEBSHMRUSEIE

A B EBUAS T SRR G 25 AR v 454 R 3R A
SR A, LI SRR B 0 4 A Ak B A L %
V5 1 TN JBE 28 5 U0 1) B2 R 50 S0 1 2 s B
DIy B ) #EAT S . 454 Box-Behnken i 3 Hh
5 DUER K S R AP IU(EL, B0 2 29 AR ST
FUbR B A e 5, X (3) B

Y=12.23N

3.1 X 10°N/m<X,< 7.1 X 10°N/m

3.1 X 10°N/m< X, <{7.1 X 10°N/m (3)
5.0 X 10" Pa<< X;<<9.0 X 10 Pa

5.0 X 10" Pa<< X, < 9.0 X 10" Pa

FIH Design-Expert 84 #4746 K i, 15 5] 5
Py 3 50 DN 2 45 SR AR T Y — A D AR SR A A BUE
55 Wy B il B A ey AR ARG R 254 0.06 4, SR 4
XX, X X, A3 7.0X10° N/m L 6.82 X107 N/
m.6.61 10" Pa.8.18X10" Pa,

TSR R 4 o FE A 9 B, TSk R RS
SEITRY 55 T 4 1 A A2 fk B TSR AR R R K AR
AR (EI9A) s BlE 46 3k WU AR S T 7%, ISR ERLRL 25
AU 52 3] 1) 8 A L2 9 1 O, 5 B0 SR AR JE
2 (I 9B) ; BfE 4 k% ah B — i R, ISR 2
1) 1) 847 A A T SRR ) R A R T SRR RDRG 4
BRI R RGSE SEWTTT , ISP RLB R (B 9C) .

Bt P A 077 LR AT - (R 2 4 8T 10 s
TE I S AR B A4 AT, 52 4 7 L 40 A ) B
TR SRR L SZ B B T 4 B RS B RS K . TR
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Table 7 Variance analysis of crushing load model

FEABCEIR
Source of Sum . Mean F P
variance  of squares Freedom square
i%iﬂ Mod- 88.32 14 6.31 11.15  <€0.000 1
X, 62.98 1 62.98  111.25  <C0.000 1™
X, 17.64 1 17.64 31.17  <<€0.000 1
X, 3.26 1 3.26 5.75 0.031 0"
X, 0.18 1 0.18 0.32 0.5817
X, X, 0.12 1 0.12 0.20 0.658 3
X X, 0.027 1 0.027 0.048 0.829 6
X X, 0.1 1 0.10 0.18 0.677 1
X, X, 0.83 1 0.83 1.46 0.246 5
X, X, 0.013 1 0.013 0.023 0.880 7
X X, 0.18 1 0.18 0.33 0.576 7
X2 0.006 07 1 0.006 07 0.011 0.9190
X, 0.18 1 0.18 0.32 0.5810
X 2 1 2.00 3.54 0.0810
X7 0.28 1 0.28 0.49 0.4951
ZiiilRe’ 7.92 14 0.57
iiilff it 6.73 10 0.67 2.26 0.2247
i?ffror 1.19 4 0.30
SR Total 96.25 28

FEIR I A5 BRI, Y 0 SRR R 46 5 B 43 Ry
0.72.,0.67 mm B, JH 2P0 B 7K 37 35 for B B 1%
FEHE & A R, 28 nr 22U T % ; Bt R 440 T Al 4 52 )
TiE B, SRR R Z R ak ek Tt . & 10 AT
I, T TsF B 45 £ 3 6 2 A - 97 8% 1l 42 1 A
FAFA S PR R 257 40 B 6 28 o -3 1 R 4230
XA B S B A AT B0 R 50 | S e 9 S
FEREAS 254550 9 10 R 2807 Ry 12.67 N, T S KT Al 25
IR B R A T 5 R R T A 2 A i B A R 25 N
3.59 %% , ¢ B T 32 R P R 45 A5 700 ) S Bk 2 Bk vl
FE o SRR i R A L 6 A BGRB8 AN R 11
JIE 7, AT RS FR (5 B3 00 IS 326 15 90 SRR A e
PRI
2.4 ETFEDEMMVIEIXEESHMRL
PUR 8 55 3 A DIRERIBR B Y150 C 5 m
2, LA SRR 1 R Y, I 38 5 , I J Box-
Behnken {56 , #2395 5% 2 DI WL 2% 28 & 1) 2 8000 2 1R
AT I () BRI ) B 1 3R 8 KT L R G
N2 R g nge 8 fioR , iR g 45 F A3 9 i .

g?izi =
A
i
i
B -
pizgocny
B
B —

C
A WA Initial contac ; B« TSRk 52 % R i
Rape seeds are loaded and not broken ; C : Jl S AF LR
Rape seeds broken.
B9 HSEAFRARE AR R A
Fig.9 Uniaxial compression process
of rapeseed grain model

Iop — S2FR Actual
14 — 1EE Simulation
12f
k=]
g 10
-
Z 8F
%‘{E ofF
4 -
ol
(} 1 1 1 L J
0.0 0.2 0.4 0.6 0.8 1.0
{si#%/mm Displacement
E10 HEMFREMERHESYIERIGHE

Fig.10 Comparison curve of rapeseed uniaxial
compression test

F H Design-Expert 8.0 # {F 17 Z JC [l H#1 &
ST, SR AN Jb 2 I i A ST T SR AT R R Y, 5K
fey B TR (R Bt U0 0 850 at 22 [R) ) (el ) A R 2 =
(D) s, AT 07 2250 0. AR 10 T 0, A X UT#E
IR W A S AL T AR OPURZIL IS /RES
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Table 8 Optimization test factor level of chopping and

throwing device

JKF Level A/(r/min) B/mm C

1 450 20 10

2 500 25 20

3 550 30 30 A B

o T—— AP Physical test‘; B i ik Simulat‘ion test.
Table 9 Optimal results of chopping and throwing device 11 i SRAPAL P B IR A 32 5 0 FLL B
- Fig.11 Comparison of rapeseed compression
K5 No  A/(r/min) B/mm C Y,/ %

1 =0 P 2 168 test and simulation test
5 500 20 10 142 Y, =148+ 0.4A —0.13B+ 0.16C (4)
3 500 30 10 1.08 R IE Box-Behnken 2 46 45 5 A= i b7 1 & (]
4 550 2 30 212 12), VI A BT D B 5 B R
° 90 0 00 NS SRR A IR R R
i i N . U Of RS RERIXTEER . IR T A ) ) Bt
. - " " L TSN B R R R i
9 500 25 20 1.36 FEARLRRE i 23R S 3 R 3 s B 25 ) D850 38 0, Yl Sk
10 550 30 20 1.81 LR AR L A K A
11 550 20 20 1.92
12 450 25 10 0.98 3
13 500 25 20 1.31 :é
14 450 25 30 1.26 %
15 550 25 10 1.80 - ;:q
16 500 30 30 1.32 f‘é
17 500 25 20 1.55 iv;z

F10 FFRBEEEBTEDN

Table 10 Variance analysis of grain breakage rate model

J7 2HK F Y75

Source of variance Freedom Mean square P 2 99
LA Model 9 0.180 8.880  0.004 4 EE 2
A 1 1.270 61.860 0.000 1™ B ;2 112
B 1 0.140 6.700  0.036" J’Eﬁ 116
C 1 0.190 9.350  0.0184" .’% 0.8
AB 1 0.0000250 0.00121  0.973 %é
AC 1 0.000 4 0.019 0.893
BC 1 0.064 0.310 0.594
A? 1 0.018 0.880 0.378
B 1 0.017 0.840 0.388 A A5 BXFPRIBE#E R B2 Effect of interaction between A
c* 1 0.000 5 0.028 0.871 and B on broken rate; B: A 5 C X FFRIBERER A S0 Effect of inter
5% 2% Residual 7 0.020 action between C and A on broken rate.
R4 Misfitting term 3 0.017 0.780  0.560 12 EEEIFFIHERRN I
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Fig.16 Field test
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Discrete element simulation and optimization of seed crushing in
shredding and throwing device for rapeseed combined harvester

ZHOU Jie', LIAO Qingxi'*, WAN Xingyu"*, YUAN Jiacheng"*, LI Junhao', QIN Yiming'

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Key Laboratory of Agricultural Equipment in Mid-1ower Reaches of the Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China

Abstract The discrete element simulation of seed crushing in the rapeseed combined harvester and
optimization of shredding and throwing device were conducted to solve the problems of increased operation-
al losses caused by the breakage of rapeseed seeds during the shredding and throwing process of the self-de-
veloped rapeseed combined harvester. A rapeseed seed bonding model was constructed based on discrete el-
ement method and uniaxial compression tests were carried out. The optimal combination of parameters for
rapeseed seed bonding model was calibrated through the steepest climbing experiment and Box-Behnken ex-
periment. A simulation model of the shredding and throwing device for the rapeseed combined harvester
was established based on the rapeseed seed bonding model. Box-Behnken experiment with three-factor and
three-level was conducted with the rotating speed of the drum, the shredding clearance and the number of
cutters as experimental factors to determine the optimal combination of parameters for the shredding and
throwing device. Bench experiment and field experiment of the rapeseed shredding and throwing device
were performed as well. The results showed that the simulated value of rapeseed seed crushing load was
12.67 N, and the relative error with the physical value was 3.59% when the normal stiffness coefficient,
tangential stiffness coefficient, critical normal stress, and critical tangential stress was 7.0><X10” N/m,
6.82X10° N/m, 6.61X10" Pa, 8.18X10" Pa, respectively. The optimal combination of parameters for
the shredding and throwing device was a rotating speed of the drum of 450 r/min, a shredding clearance of
30 mm, and 10 cutters. The crushing rate of rapeseed seeds in the shredding and throwing device showed a
trend of linear increase with the increase of the rotation speed of the shredding drum. The average crushing
rate of rapeseed seeds in the shredding and throwing device for the rapeseed combined harvester was
0.82% , and the operation of the shredding and throwing device was smooth. It will provide a reference for
the improvement and optimization of the structure of the shredding and throwing device for the rapeseed
combined harvester.

Keywords rapeseed; combined harvester; shredding and throwing device; seed crushing; discrete

element simulation
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