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Simulation Optimization and Experiment of Disc-type Grain Crushing
Device of Silage Corn Harvester
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Abstract: Aiming at the problem of poor corn kernel crushing effect and low crushing rate of corn silage
corn harvester, which affects the fermentation of silage straw and the conversion of kernel nutrients,
combined with the disc-type kernel crushing technology which has the advantages of high working
efficiency and good crushing quality, a dish-type silage corn kernel crushing test bench suitable for
crushing silage corn kernels was developed. Parametric design of the key components of the cutter head,
the movement and mechanical analysis of the grain crushing process were done based on the DEM
method, firstly, the corn kernel bonding particle model was established based on the discrete element
method. The EDEM discrete element simulation software was used to carry out the optimization simulation
of the orthogonal experiment. The number of teeth, depth of blade, crushing gap and speed of the cutter
roll were selected as the simulation test factors. The grain crushing rate was tested and investigated. The
optimal combination parameter was determined: the number of teeth was 48, the depth of blade was
5 mm, the crushing gap was 2 mm, and the speed of the knife roll was 59 r/s. Under these conditions,
the grain crushing rate was 90. 35% , and the relative error between the simulation test and the bench test
result was 3.36% . After the end of the bench test, the materials were screened with a Pennsylvania
screen. The materials can be divided into four types: small, standard, large and incompletely crushed,
with a ratio of 1.3:6:1.8:0.9, which was consistent with the simulation test results. The various
indicators of the bench test met the industry standards, achieving high crushing of corn kernels and high
working efficiency.
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Fig.1 Test bench for crushing silage corn kernels
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Fig.2  Structure diagram of kneading and crushing device
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Fig.3 Comparison diagrams of disc crushing roller and conventional crushing roller
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Fig.4 Diagrams of knife plate
S =205 =0 (1)
sin <
2

A L— SR K, mm

[— B EL Y, mm
n——BR B A

i 5 X R AL A R e e AR T T AR
H
S _2m8L _ 1 (2)

. a
sin ——

2
2 Sy —— % H 0 R B T A, mm”
AR sin(a/2) B—A/NTF 1R, 22008 %

S, ndl

40°8F , 3 2L L A1 S/S, ~ 2.9, B 4 5% i A 4R
AR TR FRL R 5 B R 1 2. 9 %, R b AR R kR

i

Oy 3 5 B 4512 Bl G TR RL A B OR B A
RV E R T AEH , LIS 5 kPRI S84 . LIk,
T JORE D, X kR A B 12 280 0R M 22 5 A BB 22, R
X P RL Y B P A T B, (EL Y 0 B 2, IR T
SO T B/ AR B o S AT R A L R A DR
B, f5c 2% 52 WA R ORC B R RO o AN (R W KO0 B
4b il T A5 AT B 5 AT RE R, T b R i
A4 THA 9SiCr, JT SR 25 2 X0 B 4e Fiis



B

REMR A TR MORURERE kR AR 25 7 A AL 5 10 221

fLAE g vy, B S 0 L 19 (B ) 28 S T 7 154 ) )
HAEAR D vy, e a] (5 S 0 48 25 AR I (R T 8 04 R P
TEIR A ) AR Ry AR A ) 5 04 TR (BR ) 2 14
e 8 i) B4R R o
360

m="g (3)
Ko B— AT T A, (°)
m—JI 8,1

2.2 TEYIESW
AR TE A8 o B AR 1) B R & A R R, W R
FEIKIZ s 43 M an & 5 Frs  BUS P o a] Bi Hp fd
EE— M, R AEEARE, B o, =o,, WHLF
S W E A AR ) A5 R 2R 5 ) R
v, =l w,
{ (4)

v, =Lo,

J_:EEP v, \yz_ﬁﬂﬁﬁzﬁ P ﬂﬂg%ﬁg ,m/s
KPS ] B PE RS , mm

IANA

bZ/L SRl
B S ORI i AR 1B Bl AT

Fig.5 Movement analysis of grain crushing process
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Fig.6  Analysis of motion and force of seed material
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Fig.7 Mechanical analysis of grain crushing process
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Tab.1 Physical properties of corn kernels
ZH Tk kL G4 THEHMW
HEE/I=A 0.4 0.25
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%‘”‘F{/(g-cm’:‘) 1.43 7.85
Ailf 488 1k 52 3 (5 UK ) 0. 151 0.702
B TR 5 (5 0K ) 0. 086 0. 344
) B P R B (5 0k ) 0. 072 0.053
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Tab.2 Corn grain binding parameters
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Fig. 10 Discrete element simulation environment
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Tab.3 Test factors and levels
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Tab.4 Orthogonal test scheme and results

RS X X, X3 x4 ¥,/ %
1 1 1 0 0 80. 82
2 1 -1 0 0 80.75
3 1 0 1 0 72.50
4 1 0 -1 0 93.32
5 1 0 0 1 83.61
6 1 0 0 -1 78. 84
7 -1 1 0 0 717.45
8 -1 -1 0 0 78.13
9 -1 0 1 0 67.71
10 -1 0 -1 0 88.22
11 -1 0 0 1 77.26
12 -1 0 0 -1 74.22
13 0 1 1 0 68.57
14 0 1 -1 0 89.74
15 0 1 0 1 79.02
16 0 1 0 -1 76.31
17 0 -1 1 0 69. 16
18 0 -1 -1 0 89. 85
19 0 -1 0 1 79. 80
20 0 -1 0 -1 76.98
21 0 0 1 1 75.90
22 0 0 1 -1 68.53
23 0 0 -1 1 91.34
24 0 0 -1 -1 87.11
25 0 0 0 0 79.20
26 0 0 0 0 81.84
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Fig. 11 Four types of materials
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Tab.5 Variance analysis of regression model

WRKI CFHRM AmE ¥75 F P

8 1301.36 14 92.95 37.65  <0.000 1"
% 60. 80 1 60.80  24.33  0.0004 ***
%, 1.18 1 1.18 0.48 0.504 0
3 1 164. 47 1 1164.47 471.68 <0.000 1 **
%y 51.83 1 51.83 21.00  0.000 8 ***
X, %, 0.14 1 0.14 0. 057 0.8158

X, %5 0. 024 1 0.024  0.009 0.9232

X, %y 0.75 1 0.75 0.30 0.5930

Xy %y 0. 068 1 0. 068 0. 027 0.8716

Xy %, 0.003 1 0. 003 0. 001 0.9727
x50, 2.46 1 2.46 1.00 0.3392

x} 1. 46 1 1. 46 0.59 0.4578

x5 6. 66 1 6. 66 2.70 0.1289

x3 2.06 1 2.06 0.83 0.3811

x3 4.97 1 4.97 2.01 0.1835
% 27.16 11 2.47
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